.- ./ e3e} @Y NRRSU@ UZVEVT@V 9A NETHOD TO PRODUCE DUAL GATES (ONE NETAL AND

ONE POLY OR METAL SILICIDE) FOR CMOS DEVI CES USI NG SPUTTERED METAL
DEPCSI TI ON, METALLI C I'ON | MPLANTATI ON, OR SI LI CON | MPLANTATI ON, AND LASER
ANNEALI NG FI ELD OF THE | NVENTI ON The present invention relates generally to
fabrication of sem conductor devices, and nore specifically to nethods of
fabricating dual gate CMOS devi ces. BACKGROUND OF THE | NVENTI ON The

evol ution of dual gate technology in integrated circuit (1C) devices has
evol ved from havi ng doped pol ycrystalline gates resting on different gate
oxi de thicknesses to introduction of different netal gates |ying over high
k dielectrics. OMng to an alteration in work function fromthe changi ng
oxi de thickness and different netals, devices on the same chip can operate
by different voltages. However, the polycrystalline gates can suffer from
depletion effects as oxides grow thinner, especially for the case of

i npl anted n-doped gates. For the thinner oxides, reliability and integrity
al so pose serious concerns. Sone means to resolve these problens will be to
use netal gates, insitu p- or n-doped poly gates (m nimum poly depletion
.effects) and high-k dielectrics. Preferably, the initial intention of
having different work function can be acconplished by varying gate

el ectrodes rather than changi ng oxide thickness. U S. Patent No. 5,236,872
to van Omen et al. describes a process of formng.a silicide layer in a
pol y | ayeA METH@EBO RRODUGE TALIGATES/(ONBMEEAReSND ONE POLYDR No.

6, 043, 157 to Gardner et aI descrlbes a process of fornlno a sem conduct or
devi ce havi Ml SH. 5 & LQES USING £ ERBED METAT, 479 to

Audet et al. de sem conduct or device
conprising a st ] Y NeQ@RSHILONLay et al .
descri bes a net hod of Ty AN ol Sk b W mul tiple gate

dielectric structures. VVARY O NVERNTHON ordi ngly, it is an

obj ect of the present invention to provide a

o

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating dual gate

CMOS devices.




net hod of forming dual gates for CMOS devices using-inplantation and

anneal i ng processes. Anot her object of the present invention is to provide
a nethod of form ng dual gates for CMOS devices using sputtered netal
deposition of netallic ion inplantation and annealing. A further object of
the present invention is to provide a nethod of form ng dual -gates for CMOS
devices using Si inplantation and annealing. O her objects will appear

herei nafter. It has now been di scovered that the above and ot her objects of
the present invention may be acconplished in the foll ow ng manner.
Specifically, a substrate having a gate dielectric |ayer forned thereover
is provided. The substr aBAUEGRAIND OFSTHEINVENGIQN and a second gate
region. Athin first gate layer is formed over the gate dielectric |ayer.
‘The thin first gate layer within the second gate region is nasked to expose

a portion- of the thin first. gat ayer wwithin the first gate region,, The
exposed portion of ei."ﬂf“r? Pgtélﬁét%atfea‘i? Qg8 iy BHEER Cércgﬁi &q hi rd

gate | ay .t {9% r Eﬂﬁg r thing.first and
third gatedeev[ri)%gel}ag%grcﬁ egﬁgi% e sgc%(ﬁ;@‘e%g%{)%qt}%yer %1%{%? ﬁéﬂfﬁl- ‘sj{lc? %retn%i rd
gate | ayesatd QiddcOnScladedsddalol RitsdRhction (! di@rdrt rlﬁétaggaés\qgﬁ{gEavéf %h gate
region and a second gate within second gate region. "4 RI"EF DESCRI PTI ON
OF THE DREVMENGGs.TBvingatdihasalkedtian vianhagh Sfudttibh efr he genthadpant d:ade Wi | |
" be nore clearly understood fromthe follow ng description taken in
conj unct i tbirknesshand differeninpetgls, deviceavwmgs: samevichiphcdri kperagd by etifferentimer al s
designate similar or correspondi ng el enents, re?i ons and portions and in
whi-ch: Fidtages.tlJowewen dhamaegrystallineygates can isutfer &rom depiatipmapffects as
representation a first enbodi.nent, of the present invention. Figs, 6 to 10
schermat | ST BHWSRLPE FRECARE doR he PRt MapiraisanhacPen satendgndbe

PREFERRED ERISEO ek 2rer ok B8 Bk Pl catse BB Yerolts SRS uct r es, 1 ayers.

etc. may be forned

—

- Some means to resolve these problems will be to use metal gates, in-
situ p- or n-doped poly gates (minimum poly depletion effects) and high-k
dielectrics. Preferably, the initial intention of having different work function can be

accomplished by varying gate electrodes rather than changing oxide thickness.

.S, Patent No. 5,236,872_ to van Ommen et al. describes a process of

fofmjng a silicide layer in a poly layer by a metal ion implantation (I/I) and anneal.

U.S. Patent No. 6,043,157 to Gardner et al. describes a process of

forming a semiconductor device having dual gate electrode material.

U.S. Patent No. 5,122,479 to Audet et al describeé a method of

manufacturing a semiconductor device comprising a silicide layer.




or acconpl i shed by conventional nethods known in the prior art. First

- Enbodi ment Summary of the First Enbodi ment The first enbodi nent extends on
-t‘he repl acenent gate nethod to formthe proposed dual gates. After the
nitride gate renoval, a high-k dielectric (gate dielectric) is deposited.
Instead of a whol e doped poly deposition as done in a conventi onal

repl acenent gate process, a thinner |ayer of poly is deposited over the
gate dielectric. The poly is then partially masked, preferably using either
t he L59, L65 or L70 mask, and the exposed poly is subjected to either a
metallic ion inplantation or a sputtered netal deposition. It is noted that
for a netallic ionUSsdlaeniaNoomn08723shiot@naseistl. desskibesny nithod efl naaking or a
sputtered netal deposition a nitride/oxide nmask, for exanple, is used. Upon
renoval dfiprgragdicircuiavighpdeplsgae digldchiiestractieest ed, preferably by a
‘laser treatnent. The portion of the poly 'contam nated" with netal will be
transforned to silicide. Another |ayer of either poly or nmetal is formed
over the poly/poly-silicide |layer followed by planarization, preferably by
CWP, to elimnate shorts between the patterned poly gate and poly silicide
gate. The poly and poly-silicide gates have different work functions. 6
Initial Structure Fig. 1 illustrates a cross-sectional view of a substrate
10, preferably a sem conductor substrate conprised of silicon (Si) or
~germanium (CGe) and is nore preferably conprised of silicon. Substrate 10

i ncludes poly/silicide gate region 18 and poly gate region 20. Shall ow
trench isolation (STI) 12 nmay be forned within substrate 10 and serves to

i solate the dual gates 32, 34 to be formed on either side of STI 12. O her
i sol ati on techni ques or structures may be used. Gate dielectric layer 14 is-
formed over substrate 10 to a thickness of preferably fromabout 10 to 100A
and nore preferably fromabout 10 to 20A. Gate dielectric layer 14 is
preferably conprised of grown oxide or a high-k dielectric material, i.e.
having a dielectric constant of greater than about 3.0, and is nore
preferably conprised of grown oxide. Thin first gate layer 16 is then
formed over gate dielectric layer 14 to a thickness of preferably from
about 100 to 800A and nore preferably from about 200 to 500A. First gate

| ayer 16 is preferably conprised of polysilicon (poly), anorphous silicon
or alpha (a) -silicon and is nore preferably conprised of poly. lon

I nmpl antation or Metal Deposition As shown in Fig. 2, masking layer 22 is
formed over first poly layer 16 within poly gate region 20 | eaving first
poly layer 16 within poly/silicide gate 7 regi on 18 exposed. For exanple
‘the L59, L65 or L70 nmask may be used with



masking layer 22 preferably formed of photoresist. |I. Anetallic ion
inplantation 24 is then conducted into the exposed first poly |ayer 16
‘Within poly/silicide gate region 18 to a preferably concentration of from
about 1E16 to 1E20 atons/cnB and nore preferably from about 1E17 to 1E19
atonms/cnB. This forns first poly / nmetal |ayer portion 16'. Instead of
nmetal lic ions, germaniummay be inplanted 24 into exposed first poly |ayer
16 within pon/3|I|C|de gate region 18 to a preferably concentration of
from about 1E16 to 1E20 atons/cnB and nore preferably from about 1E17 to
1E19 atonms/cnB. This forns first poly / germanium |l ayer portion 16'. 11.
Alternatively, a netal de@BSMMARY OREBHEONVENTIONd, preferably by a
sputtered netal deposition, to forma thin |ayer of netal 25 shown in
dashed line. If a sputtered netal- deposition 24 is chosen, then mask 22 is

conprised of a nitride/gxide n t option |l ayers 16', 16" are each
still conprised of A56P mWeF’éF%BPyObJ%Ftn%tlt gTeI BEeSFBE”il tion & Popvige a

P " e TR AP P B e L L B o R o0,

IS reangg. Reeferably by a photoresist stripping process, and the

structure Is cleaned preferably by a CRS cleaning process. Any netal 25
deposited over mask 22 is renoved by an etch-back or a wet clean process. 8
|. The structure is then anneal ed, preferably by a |aser anneal 28 (die by
~die, scanning or r a@stcﬁhemgb]ettoohéai patseheastertion i tosprqyady o/ mettal of ayer
portion 16' to formnetal silicide [ayer portion 26 by the reaction of the
pol y and freming ditalrgates fOifsﬁMﬁlﬂ evicesaising bpyitsred onetabdep@ition of mietallic t hi n
metal |ayer 25 was. forned over poly layer 16" instead of using an ion
|nplantaﬂPBHm?kﬂ“?WR9¥”%§ @8structure is anneal ed, preferably by a | aser
anneal 28 (die by die, scannlng or rastering), at least the first poly
layer 16' and thin netal Iayer 25 are heated to formnetal silicide |ayer

porti on 26 by the neRGihanghlod deuRohkstid AvBafi 5§ 1 BhoiiBiCheliba and the

~overlying nmetal |ayer rnatlon econ e La own in
Fig. 5 e @ad1es altéM@f C&@S&e@ﬁéﬂﬁﬁng‘ﬁﬂmﬁhﬁ%&ucﬁﬁéxﬁi élﬁié%hngortl on 16"
(metal silicide Iayer portion 26 and first poly |layer portion 16") to a

t hi ckness of from about 1000 to 2000A and nore preferably from about 1000
to 1500A. Second gate layer 30 is preferably either: a polysilicon (poly)

| ayer: or a netal [Qiherobjpets will appaprhareishaber.t ungsten or tungsten silicate
and nore preferably conprised of poly. Patterning of First and Second Gate
Layers 26 16"" 30 to Form Poly/Silicide Gate 32 and Poly Gate 34

It has now been discovered that the above and other objects of the

present invention may be accomplished in the follo_Wing manner. Specifically, a
substrate haviﬁg a gate dielectric layer formed thereover is provided. The substrate
haVing a first gate region and a second gate region. A thin first gate layer is formed
over the gate dielectric layer. The thin flrst gate layer within the second gate region
1s masked to expose a portion of the thin first gate lajrer within the first gate region.
The exposed portion of the thin first gate layer is converted to a thin third gate
layer portion. A second gate layer is formed over the thin first and third gate layer
'p_ortions. The second gate layer and the first and third gate layer portions are
.'p_étterned to form a first gate within first gate region and a second gate within

" second gate region.



Second gate layer 30 and the first gate |ayer- (conprised of netal silicide
| ayer portion 26 and first gate |layer portion 16") are then patterned to
form9 poly/silicide gate 32 within poly/silicide gate region 18 and poly
gate 34 within poly gate region 20. Second gate layer 30 and the first gate
| ayer may be patterned through the use of an L60 gate etch for exanple.

- Second Enbodi nent Summary of the Second Enbodi nent The second enbodi nent

al so extends on the replacenent gate nethod to formthe proposed dual

gates. After the nitride gate renoval, -a high-k dielectric (gate
dielectric) is deposited. Instead of a whole netal deposition as done in a
conventi onal repl aceneBRRIEBDESURIPIION OR THETRRAWINGSof netal is
deposited over the gate dielectric. The nmetal is then partially masked,
preferably using either the L65 or L70 nmask, and the exposed netal is
“subjected to a silicon (Si) inplantation. Upon renoval of the sk, the
entire netal surfa&f@ei%a%%% 1 aevantages of t§9 PEefens dnvertion walhbe mgpge

portion of the tal 'contaminat.ed' . with sil.ic will be transfa to

BT of de-Regiyt piiperRlnodd Rp? el Remi AR plipS ARk I sOThpRER TR 10
met al / met ' b-ﬁﬁ-rig - LANeH I i~ZAl i r ] , to
elininatéééﬁgbts gtgeen g%ghbgﬁﬁgrﬁg%gh%?a(kggégﬁgﬁﬁgﬁgﬁgﬁﬁg% |C|dgpgate.
The net aI'coMPGMﬁF%ném@ﬂtg,qeg%g%nawﬁéﬁé51@1ﬁmvhwk functions. Initial
Structure Fig. 6 illustrates a cross-sectional view of a substrate 110,
preferably a sem conductor substrate conprised of silicon (Si) or gernmani um
(Ge) and is nore 10 preferably conprised of silicon. Substrate 110 -
includes netal/sil iFigsdé tgat scheowitioallyl {1B:sinade irecraks-sertionpkrfipsesenidionShal | ow
trench isolation (STlI) 112 may he fornmed within substrate 110 and serves to
i sol at e tiH&t uaedigagdof thwpresent ¥eHOT.or ned on either side of STI 112.

QO her isolation techniques or structures may be used. Gate dielectric |ayer
~ 114 is forned over substrate 110 to a thickness of

Figs. 6 to 10 schematically illustrate in cross-sectional representation a

second embodiment of the present invention.



: concentra ion o

preferably fromabout 10 to 100A and nore preferably from about 10 to 20A.
~CGate dielectric layer 114 is preferably conprised of grown oxide or a
high-k dielectric material, i.e. having a dielectric constant of greater
t han about 3.0, and is nore preferably conprised of grown oxide. Thin first
gate layer 116 is then fornmed over gate dielectric layer 114 to a thickness
of preferably from about 100 to 800A and nore preferably from about 200 to
- 500A. First gate layer 116 is preferably conprised of a netal such as
tungsten (W, tantalum (Ta), nolybdenum (M) or gernmanium (Ge) and is nore
preferably conprised of a nmetal such as tungsten (W. Silicon Inplantation
As shown i n FIRETAILERINESCGRIBHMEON 17 THE PREFERREVEEMBOBDIMENES | ayer 116
within metal gate region 120 leaving first nmetal |layer 116 within
netal /silicide gate regi on 11 8 exposed. For exanple the L59, L65 or L70
mask maybe used WItLF Ia er Lé@fﬁ(fm;ef erably f ormed of phot oresist. 11
A silicon inplantat rb]ﬁssl 15? ﬁE?F FIEUCTERSO [AYIRES, €55 Faa be ifprpedipt g
llayer 16 wi on 118 to referably

acpélﬂ? re(;%ﬂrrlll’a Bout %&gﬁ ngf’v (}h‘ép etnd nore preferably
from about 1E17 to 1E19 Si atoms/an. This forns first netal / Si |ayer
~portion 116'. If layer 116 is conprised of germanium a silicon
i mpl ant atFigR Elodimeéa@nduct ed i nto the exposed first germanium | ayer 116
within nmetal/silicide gate region 118 to a preferably concentration of from
about 1E16 to 1E20 Si atons/cnB and nore preferably from about 1E17 to 1E19
Si at ons/ cnB. ThIS forms f| rst germanl um/ Si layer portion 116'. Formation
of Siliciai ! z ' dbant n Fig. 8, mask 122 is renoved, preferably
by a phot oresi st

The first embodiment extends on the replacement gate method to
form the proposed dual gates. After the nitride gate removal, a high-k dielectric
(gate dielectric) is deposited. Instead of a whole doped poly deposition as done in a
conventional replacement gate process, a thinner layer of poly is deposited over the
gate dielectric. The poly is then partially masked, preferably using either the 159,
L65 or L70 mask, and the exposed poly is subjected to either a metallic ion
implantation or a sputtered metal deposition. It is noted that for a metallic ion
implantation, a photoresist mask may be used and for a sputtered metal deposition
a nitride/oxide mask, for example, is used. Upon removal of the mask, the entire
p_dly surface is heated, preferably by a laser treatment. The portion of the poly

. 'contaminated' with metal will be transformed to si]icidé. Another layer of either

poly or metal is formed over the poly/ poly-silicide layer followed by planarization,

. preferably by CMP, to eliminate shorts between the patterned poly gate and poly-
sﬂ1c1de gate. The poly and poly-silicide gates have different work functions.




stripping process; and the structure is cleaned, preferably by a CRS

. cleaning process. The structure is then anneal ed, preferably by a |aser
anneal 128 (die by die, scanning or rastering) to heat at |east the first
metal / Si layer portion 116" to formmetal silicide |ayer portion 126 by
the reaction of the netal and silicon within first nmetal / Si |ayer portion
116'. If portion 116" is conprised of germanium/ Si, then the annealing
forms germanium silicide |ayer portion 126 by the reaction of the gernmani um
and silicon within first germanium/ Si |ayer portion 116'. 12 Formati on
of Second Gate Layer 130 As shown in Fig. 9, second gate layer 130 is’
formed oVeitidl Strsttugat e | ayer portion 116 (netal silicide |ayer portion 126
and first netal |ayer portion 116") to a thickness of fromabout 1000 to
2000A and nore preferably from about 1000 to 1500A. Second gate |ayer 130

i f bl ither: a.nmetal | that is . i sed of t t ,
t Z?P;:euﬁ{ ?Tiioﬁ} 13 aﬁgﬂégﬁmﬁéﬁéﬁrﬁﬁwﬁéﬁ%i}ﬁﬁ 1?%‘18%@2@%?(1
ate | ayer S, nor ref er abl. oppt.i sed.. a netal . erping; o
2ot ot Seapihditedl e RbE SiiBied SFRICSE R br RelRodiu (G Fd 1ot o 132
d Met al o A 1 . i 1
: ?(r:]orrpri 29%%%%’% ;&)I iS| I Pg?%gﬁf‘ogy%%%%%%ﬁgﬂﬂ %%%ﬁglﬁéﬂ gﬁ%‘?&%% J[éea%ngoé} 1% ayer

portion Ja}ﬂ'l)olg;trggtélt@%[brpm.t erned to formnetal/silicide gate 132 within
‘metal /silicide gate region 118 and netal gate 134 within nmetal gate region
120. Second gate layer 130 and the first gate |ayer nmay be patterned
through the use of an L60 gate etch for exanple. Advantages of the
~Invention The advafthalew tsénchhisolatiendfTl)i I2vesay ibenformetudthin) subhsilatantd k
function to optim ze threshol d voltage for a NMOSFET and PMOSFET
respect i 1 serses i, Isplate the dual gaiesty Stpdestrrawd onvertersidgnd S 1o bor on
penetrati issue.i s, PMOSFET. 13 Wi | e particul ar enbodi nents of the
present i(ﬁ@gﬁﬁc’g R aRes o1 ﬁ]tfﬁctt??tsé%ayaﬁ%lu cribed, it is not intended

~tolimt the invention, except as defined by the following clains. 14

Gate dielectric layer 14 is formed over substrate 10 to a thickness of
Preferably from about 10 to 100A and more preferably from about 10 to 20A. Gate
dielectric layer 14 is preferably comprised of grown oxide or a high-k dielectric
material, i.e. having a dielectric constant of greater than about 3.0, and is more

preferably comprised of grown oxide.

Thin first gate layer 16 is then formed over gate dielectric layer 14 to a
thickness of preferably from about 100 to 800A and more preferably from about 200
to 500A. First gate layer 16 is preferably comprised of polysilicon (poly),

amorphous silicon or alpha (a) -silicon and is more preferably comprised of poly.

Ton Implantation or Metal Deposition

As shown in Fig. 2, masking layer 22 is formed over first poly layer 16
within poly gate region 20 leaving first poly layer 16 within poly/silicide gate



CLAIMS W claim 1. A nethod of fabricating first and second gates,
conprising the steps of: providing a substrate having a gate dielectric
| ayer formed thereover; the substrate having a first gate region and a
second gate region; formng a thin first gate |layer over the gate
dielectric layer; 5 masking the thin first gate layer within the second
gate region to expose a portion of the thin first gate layer within the
first gate region; converting the exposed portion of the thin first gate
| ayer to a thin third gate | ayer portion; formng a second gate |ayer over
the thin first and third gate |layer portions; 10 patterning the second gate
- layer andegion 18 rexpossd Hdri exhngpleeteal/89, pai br A task anay def usal wjdt e
within first gate region and a second gate within second gate region. 2.
The net hcﬂamnglaafﬁnﬂgpr%@bbrformc&uﬁ@ttmﬁiét-i s conprised of silicon or
germani um the gate dielectric layer is conprised of a material selected
fromthe group consisting of grown oxide and a dielectric material having a
di el ectric constan f ater than about.3.0Q; the thin,firs ate layer is
conprised of a nathgéPg%@%é%¥%ﬁp? %@Pﬂémngﬂﬁ“88H§F§¥?ﬁa‘%@w§3%95 d
anor phouss. si }LJ X wiREP . LS: i .2l
sel ect edsf%rr%h?wgyegltrﬁp cong ?g??ﬂgl%%%%f%@gﬁ?@g%ﬁ?%f&%@’ ém%.gﬁ#%ééonnet hod
of cl ai mdk, frovaestRiut TH18 tSUIBI Abfhsl/eme QREI S8 pRdfeibly ¢ abbet GBIt
~dielectric layer is conprised of grown oxide; Fhe thi'ln.first gate layer is
conpri sedHiP atompf @ni. dhisfrectirdt polgry tiwealdaperp@conilst ingeai opleyaldnd
al pha-silicon; and the second gate |ayer is conprised of a materi al
sel ect ed PpBngarh@aniuoupayobs iigplarged 24pbity epased finst polyi bowrr 146, withéin net hod
of claiml, E?engjn the gate dielectric |layer is fromabout_ 10 to 100A
thick: tReYAIHciHe gate gegian 18,y ajrreterahly opgentiaiton of Soon abane kE1G#HY t he

- second gate .l ayer ,is;frqm about .10 0 _1500A thick. The et hod_of claim
% oher SR AR B phAGEER BrefEGRlY o ADRAANBHT (G JTHS BORSTITCICS n
thin fir o3| I J 500A thick; and the second gate

| ayer is ?%?nhg%ﬁficﬁfgm%o Q gg%%&ltpﬁ?%%i% The met hod of claim 1,
including the step of formng an isolation structure within the substrate,

dividing the first and second gate regions. 7. The method of claiml,
~including the stepIbfAltenatividy cannizthl dégositon Menmylist daidected, preferably

by a sputtered metal deposition, to form a thin layer of metal 25 shown in dashed
line. If a sputtered metal deposition 24 is chosen, then mask 22 is comprised of a

nitride/oxide layer. In this option layers 16', 16" are each still comprised of poly.

Preferably, a metallic ion implantation or sputtered metal deposition

is conducted. Germanium may also be implanted as at 24.

Formation of Metal Silicide Portion 26

As shown in Fig. 3, mask 22 is removed, preferably by a photoresist
stripping process, and the structure is cleaned, preferably by a CRS cleaning
process. Any metal 25 deposited over mask 22 is removed by an etch-back or a wet

~ clean process.



dividing the first and second gate regions. 8. The nmethod of claiml,
wherein the thin third gate layer portion is forned of a material sel ected
fromthe group consisting of nmetal silicide and germaniumsilicide. 16 9.
The method of claim1, wherein the first gate is selected fromthe group
consisting of a poly / metal silicide stack; a poly / germaniumsilicide
stack; a netal / netal silicide stack; and a netal / germanium silicide
stack. 10. The nmethod of claim 1, wherein the conversion of the exposed
portion of the thin first gate layer to the thin third gate | ayer portion
.1 s acconplished by the steps selected fromthe group consisting of:
inplanting netallic ions into the exposed portion of the thin first gate

| ayer to forma thin first gate material / metal |ayer portion then

anneal i ng to form thEhe sirncturg isdthgntaanealpd; prebferablynby ddpesianinagl 28 fdié n
“layer of nmetal over at |east géhe exposed portion of the thin first gate

| ayer t hely SiSneANNHY Pforaptsring) ke heatiat least Hop %@OIYa){/@Fet@UW@bmmoﬁﬁ%énti ng

Phin 111 9p b abnigt BIRER T Garorhn b melfE rente o BBl Sandiferyten or m
the thi néﬂ%ﬁ@?ﬁ#ﬁ#‘% pgg{i%ﬁ ?@: and inplanting silicon into the exposed

portion ayer to forma thin first gate nmaterial /
silicon layer portion then annealing to formthe thin third gate |ayer,
portion. 11. The nmethod of claim 1, wherein the thin first gate layer is
conprised of poly andf hhhircietsyapioivas Hermeed osedpplg Tayon1®findtbad bhi n

first gate poly layer to the thin third gate |layer portion is acconplished
by: using an ion implantation 24, then when the structure is annealed, preferably by a
' laser anneal 28 (die by die, scanning or rastering), at least the first poly layer 16' and
thin metal layer 25 are heated to form metal silicide layer portion 26 by the reaction

of the poly within first poly layer 16' and the overlying metal layer 25.

Formation of Second Gate Layer 30

As shown in Fig. 5, second gate layer 30 is formed over first gate layer
portion 16" (metal silicide layer portion 26 and first poly layer portion 16") to a
thickness of from about 1000 to 2000A and more preferably from about 1000 to
1500A. Second gate layer 30 is preferably either: a polysilicon (poly) layer; or a
metal layer that is comprised of tungsten or tungsten silicate and more preferably

comprised of poly.

Patterning of First and Second Gate Layers 26, 16"; 30 to Form Poly/Silicide Gate 32
and Poly Gate.34

Second gate layer 30 and the first gate layer (comprised of metal

silicide Jayer portion 26 and first gate layer portion 16"} are then patterned to form




inmplanting netallic ions into the exposed portion of the thin first gate
poly layer to forma thin first poly / metal |ayer portion then annealing
to formthe thin third gate |ayer portion that is conprised of netal
silicide. 17 12. The method of claim1l, wherein the thin first gate |ayer
is conprised of poly and the conversion of the exposed portion of the thin
first gate poly layer to the thin third gate |ayer portion is acconplished
by: inmplanting germaniuminto the exposed portion of the thin first gate
poly layer to forma thin first poly / germanium | ayer portion then
annealing to formthe thin third gate layer portion that is conprised of
ger mani urpddy/ silicide .gatd 32 Withinepdipdsititide | ghitenrdgiomiSr @idh pblyegitei A withsd gate

| ayer is conprised of poly and the conversion of the exposed portion of the
thin firsolygete sgign ﬁgﬁécomb getedayeri 30 and thi: Gest gatedpper moy theqratiegned
acconplished hy: depositing a thin nmetal |ayer over at |east the exposed
“portion dg %ﬁﬂﬁeF$F%g5 gote sieh {oriexpmble.hen annealing to formthe thin
third gate layer portion that is conprised of netal silicide. 14. The

met hod of claim1, wherein the thin first gate layer is conprised of netal
and the %ggggaqﬁﬁgb&ﬁn%ﬁe exposed portion of the thin first gate neta

| ayer to gate layer portion is acconplished by: inplanting
silicon into the exposed portion of the thin first gate netal layer to form
athin first nmetal / silicon.layer portion then annealing to formthe thin
t hi rd gatSurhaygey opthietdeoond Batbodémeninpri sed of netal silicide. 15. The

nmet hod of claim1, wherein the thin first gate layer is conprised of

The second embodiment also extends on the replacement gate method
to form the proposed dual gatés. After the nitride gate removal, a high-k dielectric
(gate dielectric) is deposited. Instead of a whole metal deposition as done in a
conventional replacement gate process, a thinner layer of metal is deposited over
the gate dielectric. The metal is then partially masked, preferably using either the
L65 or L70 mask, and the exposed metal is subjected to a silicon (Si) implantation.
Upon removal of the mask, the entire metal surface is heated, preferably by a laser
treatment. The portion of the metal 'contaminated' with silicon will be transformed
to silicide. Another layer of the same metal may formed over the metal/metal-
silicide layer followed by planarization, preferably by CMP, to eliminate shorts
between the patterned metal gate and metal-silicide gate. The metal and metal-

silicide gates have different work functions.

Initial Structure

Fig. 6 illustrates a cross-sectional view of a substrate 110, preferably a

semiconductor substrate comprised of silicon (Si) or germanium (Ge) and is more

10



germani um and t he conversion of the exposed portion of the thin first gate
germanium | ayer to the thin third gate layer portion is acconplished by: 18
implanting silicon into the exposed portion of the thin first gate
germanium | ayer to forma thin first germanium/ silicon |layer portion then
annealing to formthe thin third gate |layer portion that is conprised of
germaniumsilicide. 16. A nethod of fabricating first and second gates,
conprising the steps of: providing a substrate having a gate dielectric

| ayer fornmed thereover; the substrate having a first gate region and a
second ‘gate region; formng a thin first gate poly |ayer over the gate

di el ect r iprefeaylly; compmsidi ofysiliben. thitstbie $10 falwldganytal skridwigats regidie
second gate region to expose a portion of the thin first gate layer within
t he firstll§and melgi gate regiond20i ng t he exposed portion of the thin first
gate poly layer to a thi-n third gate layer portion; formng a second gate

| ayer over the thin first and third gate | ayer portions; 10 the second gate

and b motal: pat ¢ echeoviFaRbEiREoH B | B e B dorhEl FflEh Shalfhen 1 o o
| ! f . ve Tayel T 4
ooy PORHPER O Semaul ih SRk A 6 K b AThEoARGLR fdreeeoon
subst r at Ofifer ¢RMRIdrSRENSusd b ARItRFes 384y BOLSEY, the gate dielectric layer

is conprised of a material selected fromthe group consisting of grown
oxide and a dielectric material having a dielectric
| Gate dielectric léyer 114 is formed over substrate 110 to a thickness of
preferably from about 10 to 100A and more preferably from about 10 to 20A. Gate
dielectric layer 114 is preferably comprised of grown oxide or a high-k dielectric

material, i.e. having a dielectric constant of greater than about 3.0, and is more

preferably comprised of grown oxide.

Thin first gate layer 116 is then formed over gate dielectric layer 114
to a thickness of preferably from about 100 to éOOA and more preferably from about
200 to 500A. First gate layer 116 is preferably comprised of a metal such as tungsten
(W), tantalum (Ta), molybdenum (Mo) or germanium (Ge) and is more preferably

comprised of a metal such as tungsten (W).

Silicon Implantation

As shown in Fig. 7, masking layer 122 is formed over first metal layer
116 within metal gate region 120 leaving first metal layer 116 within metal/silicide
gate region 118 exposed. For example the 159, L65 or L70 mask may be used with

masking layer 122 preferably formed of photoresist.

11



constant of greater than about 3.0; and the second gate layer is conprised
of poly or a netal selected fromthe group consisting of tungsten and
tungsten silicate. 19 18. The method of claim16, wherein the substrate
is conprised of silicon; the gate dielectric layer is conprised of grown
oxi de; and the second gate layer is conprised of poly. 19. The nethod of
claim 16, wherein the gate dielectric layer is fromabout 10 to 100A thick;
the thin first gate poly layer is fromabout 100 to 800A thick; and the
second gate |layer i-s fromabout 1000 to 2000A thick. 20. The nethod of
claim 16, wherein the gate dielectric layer is fromabout 10 to 20A thick;
the thin first gate kitiven ivpliritativaldadtis 206n tcon80EAd tinice Kie axsbsetiefisecond
gate layer is fromabout 1000 to 1500A thick. 21. The nethod of claim 16,
“i ncl udi ngnetaklayee bt vfithioomtalg sdiidesgaterégion 318 trca prafesablhconceneatomef r at e,
dividing the first and second gate regions. 22. The nethodagf claim 16,

i ncl udi ngdT9eaborg JELP tpolE0ng atpmsfrmpand; more, prefemsdly Foe ageyt dkhg e he

first an on e.regions. 23 Th t.hod of .claiLm 16, wherein the thin
third gaﬁﬁﬁ%@%‘%@%ﬁ%%&%ﬁ?ﬁ“ﬁgﬁ&%ﬁ %qrhglé‘ﬁgg]t ed fromthe group
~consisting of netal silicide and germaniumsilicide. 24. The nethod of
claim 16, wherein the first gate is selected fromthe group consisting of a

poly / metal silicidryst atkis & ié@dogggm ), fisilicondenfihagkionazaesd al /
metal silicide stack; and a netal / ger 0

niumsilicide stack. 2
conducted into the exposed first germanium layer 116 within metal/silicide gate

region 118 to a preferably concentration of from about 1E16 to 1E20 Si atoms/cm?
and more preferably from about 1E17 to 1E19 Si atoms/cm® This forms first

germanium / Si layer portion 116'.

Formation of Silicide Portion 126

As shown in Fig. 8, mask 122 is removed, preferably by a photoresist
stripping process, and the structure is cleaned, preferably by a CRS cleaning

process.

The structure is then annealed, preferably by a laser anneal 128 (die
by die, scanning or rastering) to heat at least the first metal / Si layer portion 116' to
form metal silicide layer portion 126 by the reaction of the metal and silicon within
first metal / Si layef portion 116'. |

It portion 116' is comprised of germanium / Si, then the annealing

forms germanium silicide layer portion 126 by the reaction of the germanium and

silicon within first germanium / Si layer portion 116'.

12



25. The met hod of claim 16, wherein the conversion of the exposed portion
of the thin first gate layer to the thin third gate poly |ayer portion is
acconpl i shed by the steps selected fromthe group consisting of: inplanting
~metallic ions into the exposed portion of the thin first gate poly layer to
forma thin first gate poly / netal layer portion then annealing to form
the thin third gate |ayer portion that is conprised of netal silicide;
depositing a thin layer of netal over at |east the exposed portion of the
thin first gate poly layer then annealing to formthe thin third gate |ayer
portion that is conprised of netal silicide; and inplanting germaniuminto
t he expo$ednmatbhiodBeaind Geatetllyar 130 st gate poly layer to forma thin first
gate poly / germanium | ayer portion then annealing to formthe thin third
.gate | ayer portion that is conprised of germaniumsilicide. 26. A nmethod of
fabricating first and second gates, conprising the steps of: providing a

substrate having a’gatiOv én &dgr9 cerendigateoaygt 1o¥ ds Egmad ovefeliest @8t at e
having a.first gat [ d secon region; m n .thin,first
Gat e aydryesterioh d16 Gl Bty S PitaR 126 b Bt e P e oide iy L

. being compr.i AL skl 2RSK j ' | ayer
‘Wi thin t @_asfgg%ﬁggsggft e rzag)loc%?ﬁ 1?@ exp(())glrezil a por 'tn?glﬁ g&%bwggﬁﬁla#llrggé &:g'gat e
llayer wi tisopAt S&ohtifsdlte BRLL 15E@ G HRferfO \eothkl:NOMERE 18P @8ads Popliaad 8f the
thin first gate layer to"a thinthird gate |ayer portion; 10 formng a
second gaufgstay WP eitaldie (Th) or mslsbdandnt (Ma)l ogal polyaiiron (poly) digdr.
patterning the second gate layer and the first and third gate | ayer

por t i ons Jegofid gatedayérriSO igatoze pir¢feiabhf corsprisgat of a mgtadn and a second gate
wi thin second gate region.

Patterning of First and Second Gate Layers 126, 116"; 130 to Form Metal /Silicide

Gate 132 and Metal Gate 134

Second gate layer 130 and the first gate layer (comprised of mefal

- silicide layer portion 126 and first gate metal layer portion 116") are then patterned
to form metal/silicide gate 132 within metal/silicide gate region 118 and metal gate
134 within metal gate region 120. Second gate layer 130 and the first gate layer may

be patterned through the use of an L60 gate etch for example.

Advantages of the Invention

The advantages of the present invention include:
1) dual work function to optimize threshold voltage for a NMOSEET and
PMOSFET, respectively; '
| 2) no poly depletion for NMOSFET and PMOSFET; and

3) no boron penetration issue is PMOSFET.

13



21 | CS01-017/018 27. The method of claim 26, wherein the substrate is

~.conprised of silicon or germanium the gate dielectric layer is conprised

of a material selected fromthe group consisting of grown oxide and a
dielectric material having a dielectric constant of greater than about 3.0;
the thin first gate layer is conprised of germaniumor a netal selected
fromthe group consisting of tungsten, tantalum and nol ybdenum the second
gate layer is conprised of poly or a .netal selected fromthe group

consi sting of tungsten, tantalum and nol ybdenum 28. The nethod of claim
26, wherein the substrate is conprised of silicon; the gate dielectric

| ayer is conpri sed Vhilgpanicudxt deijbodiveehisi of the presgat énveatioh hsvecbagii sed
of tungsten; and the second gate |layer is conprised of a netal. 29. The
met hod oflﬂuﬁa&ih&dz@d datserileddh it sarog intendied felimi| theliayenticng ekeeptraadetined 0 t o
100A thi ck; e thin flrst gate layer is fromabout 100 to 800A thick; and
t he secoﬂﬁ’%@t@ PN Clpigns  om about 1000 to 2000A thick. 30. The met hod of
claim 26, wherein the gate dielectric layer is fromabout 10 to 20A thi ck;
the thin first gate layer is fromabout 200 to 500A thick; and the second
gate layer is from about 1000 to 1500A thick. 31. The nethod of clai m 26,
including the step of formng an isolation structure within the substrate,
dividing the first and second gate regions. 32. The nethod of claim 26,
~including the step of form ng an STI within the substrate, dividing the
first and second gate regions. 22 33. The nethod of claim 26, wherein the
thin third gate layer portion is formed of a material selected fromthe
group consisting of metal silicide and germaniumsilicide. 34. The net hod
of claim 26, wherein the first gate is selected fromthe group consisting
of a netal / netal silicide stack; a netal / germanium silicide stack; a

14



poly / nmetal silicide stack; ‘a poly / gernanlun1S|I|C|de stack. 35. The

met hod of claim 26, wherein the conversion of the exposed portion of the
thin first gate layer to the thin third gate |layer portion is acconplished
by the step of inplanting silicon into the exposed portion of the thin
‘first gate layer to forma.thin first gate material / silicon |layer portion
- then annealing to formthe thin third gate | ayer portion. 36. The nethod of
claim?26, wherein the thin first gate layer is conprised of netal and the
conversi on of the exposed portion of the thin first gate netal |layer to the
thin third gate |l ayer portion is acconplished by: inplanting silicon into
the exposed: portion of the thin first gate netal layer to forma thin first
metal / silicon layer portion then anneallng to formthe thin third gate

| ayer portion that is conprised of K&tAMS|jcide. 37. The method of claim
26, mhergﬁn #he thin first gate layer is conprised of germanium and the
conver si o6 he exposed portion of the thin first gate germanium | ayer to
the thin third gate | ayer portion is acconplished by: 23 i npl anti ng
silicon into the exposed portion of the thin first gate germaniumlayer to

forma thin Meﬁ?dd&%ﬁﬁéﬁ firsBhhd SQRINHAKELs, PO SR ttﬁsgteﬁ%?a' ing to form

the thin thlrd gate layer portion that IS conprised”of mani um si | i ci-de.

24 N . A %A "prévf’dh?g’ aMurAe hAME a fald dicldbic £@er Aormed thereover; the
' | sﬁbstrate having a first gate region and a second gate region;
forming a thin first gate layer over the gate dielectric layer;
5 masking the thin first gate layer within the second gate region to expose a
portion of the thin first gate layer within the first gate region;
converting the exposed portion of the thin first gate layer to a thin third gate
layer portion; |
| forming a second gate layer over the thin first and third gate layer portions;
10 patterning the second gate layer and the first and third gate layer portions to
form a first gate w1th1n first gate region and a second gate within second gate

region.

2. The method Qf claim 1, wherein the substrate is comprised of silicon or

I_ germanium; the gate dielectric layer is comprised of a material selected from the
group consisting of grown oxide and a dielectric material having a dieleciric
constant of greater than about 3.0; the thin first gate layer is comprised of a material

~ selected from the group consisting of poly and amorphous silicon; the second gate
léyer is comprised' of a material selected from the group cbnsisting of poly and a

metal.
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10%iu& ()5 Ve method of claim 1, wherein the gate dielectric layer is from about 10 to 20A
thick; the thin first gate layer is from about 200 to 500A thick; and the second gate
layer is from about 1000 to 1500A. thick. |

6. The method of claim 1, including the step of forming an isolation structure within

the substrate, dividing the first and second gate regions.

7. The method of claim 1, including the step of forming an STI within the substrate,

dividing the first and second gate regions.
8. The method of claim 1, wherein the thin third gate layer portion is formed of a

material selected from the group consisting of metal silicide and germanium

silicide.
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9. The method of claim 1, wherein the first gate is selected from the group
consisting of a poly / metal silicide stack; a poly / germanium silicide stack; a

metal / metal silicide stack; and a metal / germanium silicide stack.

10. The method of claim 1, wherein the conversion of the exposed portion of the
thin first gate layer to the thin third gate layer portion is accomplished by the steps
éelected from the group consisting of:
implanting metallic ions into the exposed portion of the thin first gate layer
" to form a thin first gate material / metal layer portion then annealing to form the
thin third gate layer portion;
| depositing a thin layer of metal over at least the exposed portion of the thin
first gate layer then annealing to form the thin third gate layer portion;
implanting germanium into the exposed portion of the thin first gate layer to
form a thin first gate material / germanium layer portion then annealing to form
the thin third gate layer portion; and
implanting silicon into the exposed portion of the thin first gate layer
to form a thin first gate material / silicon layer portion then annealing to form the

thin third gate layer portion.

11. The method of claim 1, wherein the thin first gate layer is comprised of poly and
the conversion of the exposed portion of the thin first gate poly layer to the thin
third gate layer portion is accomplished by: |

. implanting metallic ions into the exposed portion of the thin first gate poly
layer to form a thin first poly / metal layer portion then annealing to form the thin

third gate layer portion that is comprised of metal silicide.
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| 12. The method of claim 1, wherein the thin first gate layer is comprised of poly and
the conversion of the exposed portion of the thin first gate poly layer to the thin
third gate layer portion is accomplished by:
implanting germanium into the exposed portion of the thin first gate poly
layer to form a thin first poly / germanium layer portion then annealing to form

the thin third gate layer portion that is comprised of germanium silicide.

13. The method of claim 1, wherein the thin first gate layer is comprised of poly and
the conversion of the exposed portion of the thin first gate poly layer to the thin
third gate layer portion is accomplished by:

depositing a thin metal layer over at least the exposed portion of the thin
first gate poly layer then annealing to form the thin third gate layer portion that is

comprised of metal silicide.

14. The method of claim 1, wherein the thin first gate layer is comprised of metal
and the conversion of the exposed portion of the thin first gate metal layer to the
thin third gate layer portion is accomplished by:

- implanting silicon into the exposed portion of the thin first gate metal layer
to form a thin first metal / silicon layer portion then annealing to form the thin

- third gate layer portion that is comprised of metal silicide.
15. The method of claim 1, wherein the thin first gate layer is comprised of

germanium and the conversion of the exposed portion of the thin first gate

germanium layer to the thin third gate layer portion is accomplished by:

18
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| | implanting silicon into the exposed portion of the thin first gate germanium
layer to form a thin first germanium / silicon layer porﬁon then annealing to form

the thin third gate layer portion that is comprised of germanium silicide.

16. A method of fabricating first and second gates, comprising the si:eps of:
providing a substrate having a gate dielectric layer formed thereover; the
substrate having a first gate region and a second gate region;
forming a thin first gate poly layer over the gate dielectric layer;
5 masking the thin first gate poly layer within the second gate region to expose
a portion of the thin first gate layer within the first gate region;
converting the exposed portion of the thin first gate poly layer to a thin third
gate layer portion;
forming a second gate layer over the thin first and third gate layer portions;
10  the second gate layer comprised of a material selected from the group consisting of
poly and a metal;
patterﬁing the second gate layer and the first and third gate layer portions to
form a first gate within first gate region and a second gate withﬁ second gate

region.

17. The ﬁemod of claim 16, wherein the substrate is comprised of silicon or
germanium; the gate dielectric layer is comprised.of a material selected from the
~group consisting of grown oxide and a dielectric matéria] having a dieleciric
~ constant of greater than about 3.0; and tﬁe second gate layer is comprised of poly or

a metal selected from the group consisting of tungsten and tungsten silicate.
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dielectric layer is comprised of grown oxide; and the second gate layer is comprised

of poly.

19. The method of claim 16, wherein the gate dielectric layer is from about 10 to
100A thick; the thin first gate poly layer is from about 100 to 800A thick; and the
second gate layer is from about 1000 to 2000A thick.

20. The method of claim 16, wherein the gate dielectric layer is from about 10 to 20A
thick; the thin first gate layer is from about 200 to 500A thick; and the second gate
layer is from about 1000 to 1500A thick. |

21. The method of claim 16, including the step of forming an isolation structure

- within the substrate, dividing the first and second gate regions.

22. The method of claim 16, including the step of forming an STI within the

substrate, dividing the first and second gate regions.

23. The method of claim 16, wherein the thin third gate layer portion is formed of a

material selected from the group consisting of metal silicide and germanitim

silicide.
24. The method of claim 16, wherein the first gate is selected from the group

consisting of a poly / metal silicide stack; a poly / germanium silicide stack; a

metal / metal silicide stack; and a metal / germanium silicide stack.
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| thin third gate layer portion that is comprised of metal silicide; '

_ depositing a thin layer of metal over at least the exposed poi‘ﬁon of the thin
first gate poly layer then annealing to form the thin third gafe layer portion that is
comprised of metal silicide; and

implanting germanium into the exposed portion of the thin first gate poly
layer to form a thin first gate poly / germanium layer portion then annealing to

form the thin third gate layer portion that is comprised of germanium silicide.

26. A method of fabricating first and second gates, comprising the steps of:
providing a substrate having a gate dielectric layer formed thereover; the
substrate having a first gate region and a second gate region;
forming a thin first gate layer over the gate dielectric layer; the thin first gate
5 . layer being comprised of a metal or germaniwm;
masking the thin first gate layer within the second gate region to expose a
portlon of the thin first gate layer within the first gate region;
converting the exposed portion of the thin first gate layer to a thin third gate
layer portion; 4
10 _ | forming a second gate layer over the thin first and third gate layer portions;
patterning the second gate layer and the first and t'turd gate layer portions to
form a first gate w1thm flrst gate reglon and a second gate within second gate

region.
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constant of greater than about 3.0; the thin first gate layer is comprised of
germanjum or a metal selected from the group consisting of tungsten, tantalum and
molybdenum; the second gate layer is comprised of poly or a metal selected from

~ the group consisting of tungsten, tantalum and molybdenum.

28. The method of claim 26, wherein the substrate is comprised of silicon; the gate
dielectric layer is comprised of grown oxide; the thin first gate layer is comprised of

tungsten; and the second gate layer is comprised of a metal.

29. The method of claim 26, wherein the gate dielectric layer is from about 10 to
100A thick; the thin first gate layer is from about 100 to 800A thick; and the second
gate layer is from about 1000 to 2000A thick.

30. The method of claim 26, wherein the gate dielectric layer is from about 10 to 20A
thick; the thin first gate layer is from about 200 to 500A thick; and the second gate
layer is from about 1000 to 15004 thick.

31. The method of claim 26, including the step of forming an isolation structure

 within the substrate, dividing the first and second gate regions.

32. The method of claim 26, including the step of forming an STI within the

substrate, dividing the first and second gate regions.
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34. The method of claim 26, wherein the first gate is selected from the group
-consisting of a metal / metal silicide stack; a metal / germanium silicide stack; a

poly / metal silicide stack; a poly / germanium silicide stack.

35. The method of cléu'm 26, wherein the conversion of the exposed portion of the
thin first gate layer to the thin third gate layer portion is accomplished by the step
of implanting silicon into the exposed portion of the thin first gate layer to form a
thin first gate material / silicon layer portion then annealing to form the thin third

gate layer portion.

36. The method of claim 26, wherein the thin first gate layer is comprised of metal
and the conversion of the exposed portion of the thin ﬁrét gate metal layer to the
thin third gate layer portion is accomplished by:

implanting silicon into the exposed portion of the thin first gate metal layer
to form a thin first metal / silicon layer portion then annealing to form the thin

third gate layer portion that is comprised of metal silicide.
37. The method of claim 26, wherein the thin first gate layer is comprised of

germanium and the conversion of the exposed portion of the thin first gate

gérmanium layer to the thin third gate layer portion is accomplished by:
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implanting silicon into the exposed portion of the thin first gate germanium
layer to form a thin first germanium / silicon layer portion then annealing to form

the thin third gate layer portion that is comprised of germanium silicide.
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