A METHOD TO PRODUCE DUAL GATES (ONE METAL AND ONE POLY OR METAL SILIClDE)
FOR CMOS DEVI CES USI NG SPUTTERED METAL DEPGCSI TI ON, METALLI C | ON

| MPLANTATI ON, OR SI LI CON | MPLANTATI ON, AND LASER ANNEALI NG FI ELD OF THE

I NVENTI ON The present invention relates generally to fabrication of

sem conductor devices, and nore specifically to nethods of fabricating dual
gate OCMOS devices. 1 BACKGROUND OF THE | NVENTI ON The evol uti on of dual
gate technology in integrated circuit (1C devices has evolved from havi ng
doped pol ycrystalline gates resting on different gate oxide thicknesses to
introduction of different nmetal gates |lying over high k dielectrics. Om ng
to an alteration in work function fromthe changi ng oxide thickness and
different netals, devices on the sanme chip can operate by different
vol t ages. However, the polycrystalline gates can suffer from depletion
effects as oxides grow thinner, especially for the case of inplanted
n-doped gates. For the thinner oxides, reliability and integrity al so pose
serious concerns. Some neans to resolve these problens will be to use netal
gates, in-

A METHOD TO PRODUCE DUAL GATES {ONE METAL AND ONE POLY OR

METAL SILICIDE) FOR CMOS DEVICES USING SPUTTERED METAL

DEPOQSITION, METALLIC 1ON IMPLANTATION, OR SILICON

IMPLANTATION, AND LASER ANNEALING

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.




situ p- or n-doped poly gates (mninmum poly depletion effects) and hi gh-k
dielectrics. Preferably, the initial intention of having different work
function can be acconplished by varying gate el ectrodes rather than

changi ng oxi de thickness. U S. Patent No. 5,236,872 to van Omen et al.
describes a process of formng a silicide layer in a poly |layer by a netal
ion inplantation (1/1) and anneal. U. S. Patent No. 6,043,157 to Gardner et
al . describes a process of formng a sem conductor device having dual gate
el ectrode material. U S. Patent No. 5,122,479 to Audet et al. describes a
met hod of manuf act uri NBAEISERICNONIVOEOrHEGN VENTOON | sing a silicide

|l ayer. 2 U. S. Patent No. 6,087,236 to Chau et al. describes a nethod of
making an integrated circuit with nultiple gate dielectric structures. 3
SUMMARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provideE §olionoa! stual ogde ntpchnelpgyaie éntegratehor ey (€ds usi ng

Lot o 2. 305 teal 08, BESCESES, oMol PR SLeATS PARELY, ..
using s%%%c} SLEE MELAes B8RS AR Abn TR kel dht metal gates lying over high k

dielectrics. Owing to an alteration in work function from the changing oxide

thickness and different metals, 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 implanted n-doped gates. For the

thinner oxides, reliability and integrity also pose serious concerns.

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.

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

forming 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.

1J.S. Patent No. 5,122,479 to Audet et al. describes a method of

manufacturing a semiconductor device comprising a silicide layer.




ion inmplantation and annealing. A further object of the present invention
is to provide a nethod of formng dual gates for CMOS devices using S

i npl antation and anneal ing. Qther objects will appear hereinafter. It has
now been di scovered that the above and ot her objects of the present

i nvention may be acconplished in the follow ng manner. Specifically, a
substrate having a gate dielectric |layer forned thereover is provided. The
substrate having a first gate region and a second gate region. Athin
first gate layer is formed over the gate dielectric |ayer. The thin first
gate layer w thin g bepsegoNg. §88223CE CRau bBalMBs&ebet @ RXPOTFanPOhEi on of
the thin first gate | ayer within'the first gate region. The expose

por ti on a@f intdygateldiairctitrsith gadleiplayee didectdoveutieded 0 a thin third gate

| ayer portion. A second gate layer is formed over the thin first and third
gate layer portions. The second gate |layer and the first and third gate

| ayer portions are patterned to forma first gate within first gate region
and a second gate within second gate region. 4 BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advantages of the present invention will be nore
clearly understood fromthe follow ng description taken in conjunction with
t he




acconpanyi ng drawings in which Iike reference nunerals designate simlar or
correspondi ng el enments, regions and portions and in which: Figs. 1 to 5
schematically illustrate in cross-sectional representation a first

enbodi ment of the present invention. Figs. 6 to 10 schematically illustrate
in cross-sectional representation a second enbodi nent of the present

i nvention. 5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Unl ess

ot herwi se specified, all structures, layers, etc. may be fornmed or
acconpl i shed by conventional methods known in the prior art. First

Enbodi nent Sunmmary of t heminga BhoedrmenivigTiONst enbodi ment ext ends on
the replacenent gate nethod to formithe proposed dual gates. After the
nitride gate renoval, a high-k dielectric (gate dielectric) is deposited.

I nstead of a whol e doped poly deposition as done in a conventional

repl acenent gate prowessglyait i anerbj¢cdiyelr thef ppesept ikvaidioas it gdoviderat he
gate dielectric. The poly is then partjally masked, preferahly usjng either
the L59methgd oéﬁommr@grﬁh@i gaigsdoy ﬁﬁ@&ﬁ@gé@sa@m yplayiglien pad %legﬂ%er a
metallic ion inplantation or a sputtered netal deposition. It is noted

t hat foPT8G %%l lic ion

Another object of the present invention is to provide a method of
forming dual gates for CMOS devices using sputtered metal deposition of metallic

ion implantation and annealing,.

A further object of the present invention is to provide a method of

forming dual gates for CMOS devices using Si implantation and annealing.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
substrate having 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 ﬁr:;t gate layer within the second gate region
is masked to expose a portion of the thin first gate layer 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
portions. The second gate layer and the first and third gate layer portions are
patterned to form a first gate within first gate region and a second gate within

second gate region.




i npl antation, a photoresist mask nmay be used and for a sputtered netal
deposition a nitride/oxide mask, for exanple, is used. Upon renoval of the
mask, the entire poly surface is heated, preferably by a |aser treatnent.
The portion of the poly 'contamnated" with netal wll be transformed to
silicide. Another layer of either poly or netal is fornmed over flee

poly/ poly-silicide |ayer foll owed 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 illustisipsserapPesonsestTaRabruhvem@s a substrate 10,
preferably a sem conductor substrate coipriséd of silicon (Si) or
germanium (Ge) and is nore preferably conprised of silicon. Substrate 10

i ncludes poly/silicide gate region 18 and poly gate region 20. Shall ow
trench isol ation TS IfyathBsnayd bdvhntages ohithdipmessabstyatten]l @il ehtitde)e&f ves to
isolate the dual gates 32, 34 to be fornmed on either side of STI O her
i sol ati elearlgcimdaystesdofrort thectoliomangredespapiee dakamite comjengiaern ivath a%r 14 is

formed over substratfe 10 to a ness, of preferagbly fro abo t 10 to
100A anaCeRSREADIES GPEBIET R EEDE S 0okt e ATt rgral Sreaer 14 i s
pref er abl ¥ GOIREh S S n@ined - OB XhE Poflio arlt A kicfll ©f ectric

Figs. 1 to 5 schematically illustrate in cross-sectional representation a

first embodiment of the present invention.

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

second embodiment of the present invention.




material, i.e. having a dielectric constant of greater than about 3.0, and
is nmore preferably conprised of grown oxide. Thin first gate |layer 16 is
then forned over gate dielectric layer 14 to a thickness of preferably
from about 100 to 800A and nore preferably fromabout 200 to 500A. First
gate layer 16 is preferably conprised of polysilicon (poly), anorphous
silicon or alpha (a) -silicon and is nore preferably conprised of poly.
lon I nplantation or Metal Deposition As shown in Fig. 2, masking |ayer 22
is formed over first poly layer 16 wthin poly gate region 20 | eaving
first poly | DEIAMFEIVORSCRIFATYIS IOF THHEPREFERRED EMBODIBIENPSsed. For
exanpl e the L59, L65 or L70 mask may be used with masking | ayer 22
preferably fornmed of photoresist. |I. Anetallic ion inplantation 24 is then
conducted into the exposed first poly |layer 16 within poly/ ci de gate
region 18 to a pr&mégsamtl e%ﬁ%éﬂ‘?qﬂg 4ol sERCFEmasEueta prey Sfj? S
atons/cnB8 and eferab é flrom abo t 1E17 %‘ ‘1E19t at ons/ cnB. Th| S

f or s floféfc%l’n@s t%ﬂ“‘ﬂea%) palgBF SR fg'w.n et &3 8t netal lic ions,
germani um may be inplanted 24 into exposed first poly layer 16 within
poly/silicide gate region 18 to a preferably concentration of from about
1E16 to g LERGilARhE™ and nore preferably fromabout 1E17 to 1EI19

atonms/ cn3.Thr's

Summary of the First Embodiment

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 L59,
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 jon
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
poly surface is heated, preferably by a laser treatment. The portion of the poly
'contaminated’ with metal will be transformed to silicide. 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-

silicide gate. The poly and poly-silicide gates have different work functions.




forms first poly / germanium |l ayer portion 16'. Il. Alternatively, a netal
deposition 24 may be conducted, 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/oxide layer. In this option layers 16', 16" are each stil
conprised of poly. Preferably, a netallic ion inplantation or sputtered
nmetal deposition is conducted. Gernmanium nmay al so be inplanted as at 24.
Formation of Metal Silicide Portion 26 As shown in Fig. 3, mask 22 is
renmoved npraebenahly 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 |I. The
structure is then_anneal ed, preferably by a |aser anneal 28 (die _by die,
scanni ng or rast eFighd)illustrpeate gost-essenlheen eka spbitiate 1Repraferalien

ti 16" to f t al ili.ci . ti 26. b h ti f th
D o e o ey o past o FBESH (Hhgeecpurtic (8 ah R B i
et al '}ggfgﬁa ot forged SN ggbya%t%ﬁ%fm%ﬁlde's gg;ﬁ;g@»,%c%e Usi ﬁg;ggn |

i mpl ant en when structure Ts ann preflera
and poly gate region 20.

Shallow trench isolation (ST1) 12 may be formed within substrate 10
and serves to isolate the dual gates 32, 34 to be formed on either side of STI 12

Other isolation techniques or structures may be used.

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 (o} -silicon and is more preferably comprised of poly.

Ion 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




| aser anneal 28 (die by die, scanning or rastering), at least the first
poly layer 16' and thin netal |ayer 25 are heated to formnetal silicide
| ayer portion 26 by the reaction of the poly within first poly |ayer 16
and the overlying netal |ayer 25. Formation of Second Gate Layer 30 As
shown in Fig. 5, second gate layer 30 is fornmed over first gate |ayer
portion 16" (netal silicide l|ayer portion 26 and first poly |l ayer portion
16") to a thickness of from about 1000 to 2000A and nore preferably from
about 1000 to 1500A. Second gate layer 30 is preferably either: a
polysilicg (420 yer.: I r I [XXE whibngst en
or tunggﬁéﬁn sll%l F)}cl}%ﬁggaaﬁgr r%%lrég&)p})? @%?ﬁtﬁ 3)6%(:%%??812351% olb;é). Qsﬁg{ t égﬂi ng of

First aﬁ&sf@ﬁ@ﬁ?‘e@ﬁrek&ﬂ@l@%o%e&@? phdfbregst-orm Pol y/silicide Gate 32 and
Poly Gate 34 "Second gate |ayer 30 and the first gate | ayer (conprised of

metal silicide |layer portion 26 and first gate |layer portion 16") are then
patterned to form 9 poLy/sichide gate 32 within poly/silicide gate region
18 and poly gate B4 wnethilis iopdmplepieton &diismhgpco e infattbe|axperedo and

he fi I
the {irat gete Laver my. be potfierned  hrough the use of on 60,4 o etoh

of from about 1E16 to 1E20 atoms/cm® and more preferably from about 1E17 to
1F19 atoms/cm® This forms first poly / metal layer portion 16', Instead of metallic
jons, germanium may be implanted 24 into exposed first poly layer 16 within
poly/silicide gate region 18 to a preferably concentration of from about 1E16 to
1E20 atoms/cm® and more preferably from about 1E17 to 1EI9 atoms/cm®. This

forms first poly / germanium layer portion 16"

II. Alternatively, a metal deposition 24 may be conducted, 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.




Summary of the Second Enbodi nent The second enbodi nent al so extends on the
repl acenment gate nmethod 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 conventional replacenent gate
process, a thinner layer of netal is deposited over the gate dielectric.
The nmetal is then partially masked, preferably using either the L65 or L70
mask, and the exposed netal is subjected to a silicon (Si) inplantation.
Upon renoval of the nmask, the entire netal surface is heated, preferably by
a laser treatnent. The portion of the netal 'contam nated' with silicon
wll be transfornmed to silicide. Another |ayer of the sane netal may
formed over the mbt’Hhd stetctire & theoiaachlagdeprdfelabbnky abysqyl aamanl 2&{dien,
preferably by CWP, to elinmnate shorts between the patterned netal gate
and net diy-diel scehdingen wstering) e haat afdepstdhafirstgoly éirnetahyes PR 8'f f er ent

work functions. Initial Structure Fig. .6 illustrates crqss-sect.j,onal vi ew

of & substpananahsiishsdaraTyFian Zedn HEEactat Cb o eecBreT Pt of

silicon {Sj) .or, ge ni_um nd is nore 10 preferably conpri sed of
e R TIREE P e o™

silicon. cludes metal /silicide gate region 118 and net al
gate region 120.

I1. If a thin metal layer 25 was formed over poly layer 16' instead of
using an jon 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") fo 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 layer portion 26 and first gate layer portion 16"} are then patterned to form




Shal l ow trench isolation (STI) 1.12 nmay be fornmed wthin substrate 110 and
serves to isolate the dual gates 132, 134 to be fornmed on either side of

STl 112. Oher isolation techniques or structures nay be used. Gate
dielectric layer 114 is forned over substrate 110 to a thickness of
preferably fromabout 10 to 100A and nore preferably fromabout 1.0 to 20A
Gate dielectric layer 114 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 g Ayade Lik B3 vign oy radciaverat@atgodi @l &Gt bbb bayes4 dlthinto a
thickneggg%# prefgrably fronﬁibgﬂﬁ 100%¥0 86%A and no?eg%geferably from
about 700y gate5@@in F. Sstorghpetellayar30146 ts firseégetcalolyr wapri pdtbroéd a net al
such as tungsten (W, tantalum (Ta), nolybdenum (M) or germanium (Ge) and
i s nor e thrastghrthbluge ot arppP gate ad¢h forrerBiPl&uch as tungsten (W. Silicon

| npl antation As shown in Fig. 7, masking |ayer 122 is forned over first
netal layer 116 within netal gate region 120 leaving first netal |ayer 116

W t hin talé i 1, ci.de tgate region 118 exposed. For exanple the L59, L65 or
L70 nasggﬁ%§—§@ﬂ§§gggﬁkth maski ng | ayer 122 preferably formed of .
phot oresist. 11

Summary of the Second Embodiment

The second embodiment also 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 metal deposition as done in a
convenﬁo-nai replacement gate process, a thinner layer of metal is deposited over
the gate dielectric. The metal is then partially masked, preferably using either the
165 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




A silicon inmplantation 124 is then conducted into the exposed first netal
| ayer 16 within netal/silicide gate region 118 to a preferably
concentration of fromabout 1F16 to 1E20 Si atons/cnB and nore preferably
fromabout 1E17 to 1E19 Si atons/cm . This fornms first netal / Si |ayer
portion 116'. If layer 116 is conprised of germanium a silicon
inplantation 124 is conducted into the exposed first germanium | ayer 11.6
within netal/silicide gate region 118 to a preferably concentration of
fron1about 1E16 to 1E20 Si atons/cnB and nore preferably from about 1E17

to 1E19 ?}bgyT% GPrised WrSsifi QS ubbtrite 1GPIHIRMdMbtal sili @Y€TzaROFddiON 116°
Fornatlg l'ici'de Portion 126 As shown in Fig. 8, nmask 122 is rennved

prefera@hgaganﬁﬁgﬁgﬁ@5@§bﬁuzostr|pp|ng process, and the structure is

cl eaned, preferably by a CRS cleaning process. The structure is then
annealed preferably by a | aser anneal 128 (dle by di e, scanning or

rasterlng) to heat at |east the first Si | ayer ﬁ?rtlon 116’

f or m net al S|I|C|8hﬂk§yéﬁmﬁbF$ﬂ%ﬁmlﬁﬁjbyu%%@Yﬁ@é@?ﬁ%ﬁ“6 lﬁﬁébﬂﬁﬁéﬂlgnd

| t hi f 116’ t
i T T S R PR ABRAHFSREER o
Layer PSht Ao mE3n Wl ifud R RS nagﬁb@sga@m um and

Gate dielectric layer 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 higﬁ~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 800A 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, 165 or L70 mask may be used with

masking layer 122 preferably formed of photoresist.
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silicon within first germanium/ Si |ayer portion 116'. 12 Formation of
Second Gate der 130 As shown in Fig. 9, second gate layer 130 is formed
over first gate |ayer portion 116 (netal silicide |layer portion 126 and
first metal layer portion 116") to a thickness of from about 1000 to 2000A
and nore preferably fromabout 1000 to 1500A. Second gate |layer 130 is
preferably either: a nmetal layer that is conprised of tungsten (W,
tantal um (Ta) or nol ybdenum (Md); or a polysilicon (poly) layer. Second
gate layer 130 is nore preferably conprised of a netal. Patterning of First
and Second Gate LAVAniSorddmpltRatid 100 iFohen Wehahdtsi lihel de efpdsed1lBatand
Metal Gate 134 Second gate Iayer 130 and the first gate |l ayer (conprised of
metal sidthldage 16ayahiporetd #silitide gabdrdgiomsi1gat @pretmbly ayeenpationon 116")
are then patterned to formnetal/silicide gate 132 within netal/silicide
gate re@momabmatéhuiM@ﬂﬁﬁﬂéhﬁ%Oﬂﬁﬁmﬂmﬁﬂﬁﬂﬁoﬁbpaﬁmﬁébeﬁﬁ@g@bﬁ“&iﬁl7S%cond

gate Ia er 130 an e first ate | ayer rned t hrough the use
of an L 5 %§V§O€F29“?&F1%Q§ st g fag%éﬂdF”P % vention The advant ages
of the present invention |nclude. 1) dual wor k function to optim ze
threshol d voltage for a NMOSFET and

If layer 116 is comprised of germanium, a silicon implantation 124 is
conducted into the exposed first germanium layer 116 within metal/silicide gate
region 118 to a preferably concentration of from about 1E16 to 1E20 5i atoms/cm’
and more preferably from about 1EI7 to 1E19 Si atoms/cm?® This forms first

germanium / Silayer 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

pI‘OCCSS.

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 layer portion 116",
If 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




PMOSFET, respectively; 2) no poly depletion for NMOSFET and PMOSFET; and
3) no boron penetration issue is PMOSFET. 13 While particul ar enbodi nents
of the present invention have been illustrated and described, it is not
intended to limt the invention, except as defined by the follow ng
claims. 14 CLAIMS W claim 1. A nethod of fabricating first and second
gates, conprising 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; formng a thin first gate | ayer over the

gate di @Leqhlbs of 8%&hd OReking: i4ie 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 |ayer portion; form ng a second gate |ayer over
the thin first andstdhiomth fafeg. i hyeropbgricolager 130 is formed over first gate

layer portion 116 (metal silicide layer portion 126 and first metal layer portion 116")
to a thickness of from about 1000 to 2000A and more preferably from about 1000 to
1500A. Second gate layer 130 is preferably either: a metal layer that is comprised of
tungsten (W), tantalum (Ta) or molybdenum (Mo); or a polysilicon (poly) layer.

Second gate layer 130 is more preferably comprised of a metal.

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

Gate 132 and Metal Gate 124

Second gate layer 130 and the first gate layer {(comprised of metal
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 NMOSFET and
PMOSFET, respectively;
2) no poly depletion for NMOSFET and PMOSFET; and

3) no boron penetration issue is PMOSFET.
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and patterning the second gate |layer and the first and third gate |ayer
portions to forma first gate wthin first gate region and a second gate
within second gate region. 2. The nethod of claim1, wherein the substrate
is conprised of silicon or germanium the gate dielectric layer is
conprised of grown oxide or a dielectric material having a dielectric
constant of greater than about 3.0; the thin first gate layer is conprised
of poly or anorphous silicon; the second gate |layer is conprised of poly
or a netal. 3. The nethod of claim 1, wherein the substrate is conprised of
silicon; the gatewidicehgaictlfs é@pyeHinhénts WIpthiespebsafit grawioaxhae; bedre thin
first gate layer is conprised of 15 poly or alpha-silicon; and the second
gat e | aylrstiased s deseibedf itpohyt mrterad gohta-limgitl the amvendionTeecepehdefindd cl ai m
1, wherein the gate dielectric layer is fromabout 10 to 100A thick; the
thin fi bythefllbwiagestaims. from about 100 to 800A thick; and the second gate
| ayer is fromabout 1000 to 1500A thick. 5. The nethod of claim1, wherein
the gate dielectric layer is fromabout 10 to 20A thick; the thin first
gate layer is fromabout 200 to 500A thick; and the second gate
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| ayer is from about 1000 to 1500A thick. 6. The method of claiml,
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 step of formng an STI within the substrate, dividing the
first and second gate regions. 8. The nmethod of claim1l, wherein the thin
third gate layer portion is fornmed of a netal silicide or gernmani um
silicide. 9. The nethod of claim 1, wherein the first gate is a poly /
metal silicide stack; a poly / germaniumsilicide stack; a netal / netal
silicide stack; or a netal / germa@pAIN$!icide stack. 16 10. The net hod
of claim1, wherein the conversion of the exposed portion of the thin
first gatebiayer to the thin third gate |ayer portion is acconplished by
the steps selected from inplanting netallic ions into the exposed portion
of the thin first gate layer to forma thin first gate material / netal
| ayer portion then annealing to formthe thin third gate [ayer portion;
deposi t i AgAametiion dfdglericaping 'ﬁfaancb%pnétgar@agtmpﬁéuwg%§f@as pbrtion of the
thin first te | h | i f h hi hi I
polrt i onl' 3 g?argvid%yge; s&tbgtgataenlqgvﬁnig nag ggt% di%fercr}:rgc Fayter If(r)]rr;glec"l rtlfcljer%g{[feer; tl’?g er
substrate having a first gate region and a second gate region;
forming a thin first gate layer over the gate dielectric layer;
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;
and
patterning 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 within second gate

region.

2. The method of claim 1, wherein the substrate is comprised of silicon or
germanium; the gate dielectric layer is comprised of grown oxide or a dielectric
material having a dielectric constant of greater than about 3.0; the thin first gate
layer is comprised of poly or amorphous silicon; the second gate layer is comprised

of poly or a metal.

3. The method of claim 1, wherein the substrate is comprised of silicon; the gate

dielectric layer is comprised of grown oxide; the thin first gate layer is comprised of
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i npl anting germaniuminto the exposed portion of the thin first gate | ayer
to forma thin first gate material / germanium | ayer portion then
annealing to form the thin third gate layer portion; or 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 layer portion. 11. The nethod of claim1l, wherein the thin first
gate layer 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

acconpl i ?Bgd obYalphdrpliiabhi Agd TRé aklditd igansldyef @ Edﬂl@np@%@nﬂ)&ﬂ%dﬂ?réﬂ gphaf the
thin first 'gate poly layer to formathin first poly / netal |ayer portion
t hen anneaicong to formthe thin third gate layer portion that is conprised
of netal silicide. 12. A nethod of fabricating first and second gates,
conprising the steps of: providing a substrate having a gate dielectric

| ayer forned thereover; the substrate having a first gate region and a

second gdt Ehe aethed of eleimdg whersinthe igpta digleeiigdayyr b dyaap about T4 HelQpdk e

dielectric |layer; 17 E+< maski the thin fir e ly |a i t hi
t Ihe secolrﬁldicbfa t}\'ggfigﬁ gage @ysggs:eggm about IIOO to ISO(?A& tﬁﬁ:L; alﬁ)c? tl){e sec)(l)gzi gvgte 'n

layer is from about 1000 to 1500A thick.

5. The 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

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

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

germanium silicide stack.
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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; form ng a second gate | ayer over the thin first
and third gate |layer portions; the second gate |ayer conprised of poly or
a netal; and patterning the second gate layer and the first and third gate
| ayer portions to forma first gate within first gate region and a second
gate within second gate region. 13. The nethod of claim 12, wherein the
substrate is conprised of silicon or germanium the gate dielectric |ayer

i's conpr i1§eth®im@hoMbIOXAiEE 1 Ofvhardih 8he ebhl & sioisfHeadxpdasd Peraodiogheet ric
constant of greater than about 3.0; and the second gate |layer is conprised

of poly, thiuwgst eaedaydrunght eninghirtigatelaybd poiften eichadptithel by thd 2epsher ei n
the substrate is conprised of silicon; the gate dielectric layer is

conpr i sedelettedrfown: oxi de; and the second gate |ayer is conprised of poly.
15. The nmethod of claim 12, wherein the gate dielectric |layer is from about
10 to 100A t hinplentingemetillic fons detogheexpebsd pastesm pisthertbin éb%@:ﬂtqwef o 800A
thick; and the second gate |layer is from about 19@9 to 20Q00A thick. 16.
The met hé@ ferm @ thimfirst Saiparaseialt herak byer Breuy theny ayerling te foim dbdut 10

to 20A
° 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; or
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.

12. 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 poly layer over the gate dielectric layer;
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thick; the thin first gate layer is fromabout 200 to 500A thick; and the
second gate layer is fromabout 1000 to 1500AS thick. 18 17. The net hod of
claim12, including the step of formng an isolation structure wthin the
substrate, dividing the first and second gate regions. 18. The nethod of
claim 12, including the step of formng an STI wthin the substrate,
dividing the first and second gate regions. 19. The nmethod of claim 12,
wherein the thin third gate | ayer portion is forned of netal silicide or
germanium silicide. 20. The nethod of claim 12, wherein the first gate is a
poly / nmetal giskkigldRe Shiadist gate polylalegahimantiunesbhd ghtacgionctsexposet al |/
nmetal silicide stack; or a netal / germaniumsilicide stack. 21. The

met hod oh peradmoithe thhefisi patdieyaonitkirsthediref gatheegéposed portion of the
thin first gate layer to the thin third gate poly |ayer portion is

acconpl i shed bynenting tlepexmekd poetdor pbihe thirpfigatgrivgoatptdaiarite aitbirsthint o t he
exposed portion of the thin first gate poly layer to forma thin first
gat e pol gafe lagargrortiger portion then annealing to formthe thin third gate

| ayer portion that is conprised of metal siljcide, depositing a thin |ayer
of metal over fIFINg&siece! géﬁ@p‘%%rdo‘fﬁfrtgf?éﬁ“ frst R thirod sate layes portions;

the second gate layer comprised of poly or a metal; and
patterning 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 within second gate

region.

13. The method of claim 12, wherein the substrate is comprised of silicon or
germanium; the gate dielectric layer is comprised of grown oxide or a dielectric
material having a dielectric constant of greater than about 3.0; and the second gate

layer is comprised of poly, tungsten or tungsten silicate.

14. The method of claim 12, wherein the substrate is comprised of silicon; the gate
dielectric layer is comprised of grown oxide; and the second gate layer is comprised

of poly.

15, The method of claim 12, 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.

16. The method of claim 12, 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.
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first gate poly layer then annealing to formthe thin third gate |ayer
portion that is; inplanting germaniuminto the exposed portion of the thin
first gate poly layer to forma thin first gate poly / germanium | ayer
portion then annealing to formthe thin third gate |layer portion that is
conprised of germaniumsilicide. 19 22. A method of fabricating first and
second gates, conprising 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; formng a thin first gate |layer over the gate
dielectric layer; the thin first gate |ayer being conprised of a netal or
germani um masking the thin first gate layer within the second gate region
t o expose7aThpandthod abfcldihe 12himlddingtthgatep bafmmingtdn moldienf strettugat e

regi on; converting the exposed portion of the thin first gate layer to a

t hi n t hi mdtlgatlee stlmyrate, povidimmthef fornandysesosd gotdregéns. | ayer over the thin
first and third gate |ayer portions; and patterning the second gate |ayer
and the first and third gate | ayer portions to forma first gate within

first gatlg' %ﬁgl r?qgth%r(!id()? cfaeilr%oqg, 9nactlt?di\1,¥gt t%lenstgg Cc?f”?or%%%ge; ar{ %%'I Ownithin the

substrate, dividing the first and second gate regions.

19. The method of claim 12, wherein the thin third gate layer portion is formed of

metal silicide or germanium silicide.

20. The method of claim 12, wherein the first gate is a poly / metal silicide stack; a
poly / germanium silicide stack; a metal / metal silicide stack; or a metal /

germanium silicide stack.

21. The method of claim 12, wherein the conversion of the exposed portion of the
thin first gate layer to the thin third gate poly layer portion is accomplished by th
steps selected from:

implanting metallic ions into the exposed portion of the thin first gate poly
layer to form a thin first gate poly / metal layer portion then annealing to form the
thin third gate layer portion that is comprised of metal silicide;

depositing a thin layer of metal 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;

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.
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23. The nethod of claim 22, wherein the substrate is silicon or germani um
the gate dielectric layer is grown oxide or a dielectric material having a
dielectric constant of greater than about 3.0; the thin first gate |ayer

i s germani um tungsten, tantalum or nolybdenum the second gate layer is
conprised of poly, tungsten, tantalumor nolybdenum 24. The method of
claim 22, wherein the substrate is conprised of silicon; the gate
dielectric layer is conprised of grown oxide; the thin first gate layer is
conprised of tungsten; and the second gate |layer is conprised of a netal.
20 25. The. neihathddf fabatavdirsnbed ebdridnatgatempielrgctheistedsayer is from
about 10 to 100A thick; the thin first gate layer is fromabout 100 to
800A t hi ck; apdotiding ecohdiraigahavihgyepaiesdipteomaboet {0006 tther2G0OA théai ck.
26. The nethod of claim 22, wherein the gate dielectric layer is from about
10 to 20Aubsthate kaviryen fitst gafel negtongatcka berpael gase fagért;about 200 t o 500A
thick; and the second gate |layer is fromabout 1000 to 1500A thick. 27.
The met hod of femaing athin fifz|gath lyet peershe gaby delschigigyan theBiiadirggate
structure wthin the supstrate, in[din% the first and second gate

regi ons. T bEHIE RSP C0P! MSIFHO3 BETPARNYI ng the step of forming an STI

within the substrate,. S dlnddng &' LihiPRS $2500%221&i68% WWBose 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;
and

patterning 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 within second gate

region.

23. The method of claim 22, wherein the substrate is silicon or germanium; the gate
dielectric layer is grown oxide or a dielectric material having a dielectric constant of
greater than about 3.0; the thin first gate layer is germanium, tungsten, tantalum or
molybdenum; the second gate layer is comprised of poly, tungsten, tantalum or

molybdenum.
24. The method of claim 22, 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,
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29. The nethod of claim 22, wherein the thin third gate |ayer portion is
formed of netal silicide or germaniumsilicide. 30. The nethod of claim
22, wherein the first gate is a netal / netal silicide stack; a netal /
germaniumsilicide stack; a poly / netal silicide stack; or a poly /
germanium silicide stack. 31. The nethod of claim1, wherein the thin first
gate layer is conprised of poly and the conversion of the exposed portion

f the thin first t ly | tothe thin third gate | ti [
accompl i Shed Msymertiel ht R ZorvHERT T CHCEpoSed parenaost 10He t hi n
first g 21, to f hin . fi ' I ti
then  anbidd TR BB aRH AR i Fagures® g 8F SRR ER i Fihelor i sed
f ' icide,, 32. . laim1, wh inthe thin first
gategF;gggEﬁg}%%%%%Fg%%P%%u%@?%ﬂgﬁgpﬁﬁgzcgnsgggion o?rSLQ exgosehnpo:[?on

of the thin first gate poly layer to the thin third gate |ayer portion is
acconpl i shed by: depositing a thin netal |ayer over at |east the exposed

portion of ihe mdthbd of tiagh 2028BeRPh Ynd RE didiaitriannieald Mend Hdienons heAt hi n
third gate layer portion that 1is conprised of netal silicide. 33. The

met hod ofhiek;athe thin wheretdld/beid ibm fbast20gab S0DAywicK; sndahprseaedl gitenet al
and
layer is from about 1000 to 1500A thick.

27. The method of claim 22, including the step of forming an isolation structure

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

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

substrate, dividing the first and second gate regions.

29. The method of claim 22, wherein the thin third gate layer portion is formed of

metal silicide or germanium silicide.

30. The method of claim 22, wherein the first gate is a metal / metal silicide stack; a
metal / germanium silicide stack; a poly / metal silicide stack; or a poly /

germanium silicide stack.

31. 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
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the conversion of the exposed portion of the thin first gate netal layer to
the thin third gate |layer portion is acconplished by: inplanting silicon
into the exposed portion of the thin first gate metal layer to forma thin
first metal/silicon |ayer portion then annealing to formthe thin third
gate layer portion that is conprised of nmetal silicide. 34. The method of
claim1, wherein the thin first gate layer is conprised of germani um and

t he conversion of the exposed portion of the thin first gate er mani um

|l ayer to the thin polylayegde dommapdhingdist pely/Bermadeispplaysheeartisy f%aeﬁrm anting

silicon into the exposed portion of .the the thin first gate er.mani um
layer to forma t hAHPIREEO §Y tﬁi‘ﬁ‘} HEF“; g%%hﬂ%fé’?“%ﬂi%%ﬁcq Bﬂsecgﬂﬁeal i ng
to formthe thin third ate.fa&er portion that is conprised of germani um
silicide. 22 35. ﬁﬁgnﬁgg "6f“el ai m 22, wherein the conversion of the
exposed portion of the thin first gate layer to the thin third gate |ater
portion is acconplished by the step of inplanting silicion into the

exposed por xje%e%dt&%zéim D Jhéretn GRMUEI BYEEatk TayfeR R Enplibddof pI§tangat e
material /silicon |ayer portion than annealing to forn1?he thin third gate

l'ayer poptd @veRBon dheeBpbod pbrikinadfihe Bén fibierLe Polynayédionhtihist gate
| ayer is conprised of
third gate layer portion is accomplished by:
depositing a thin metal layer over at least the exposed portion of the

thin first gate poly laer then annealing to form the thin third gate layer portion that

is comprised of metal silicide.

33. 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.

34. 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:
implanting silicon into the exposed portion of the 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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nmetal and the conversion of the exposed portion of the thin first gate
netal layer to the thin third gate |ayer portion is acconplished by:
inmplanting silicon into the exposed portion of the thin first gate netal

to forma thin first nmetal/silicon |layer portion then annealing to formthe
thin third gate |layer portion that is conprised of nmetal silicide. 37. The
nmet hod of claim 22 wherein the thin first gate layer is conprised of
germani um and t he conversi on _of he.eggosed portif of the thin first gate

ger mani um 13y &he pethe of Ham 2Ri whersin 19 HrwrTsir of 68 exeossddembionfde by :

inmplanting siljcon into the exposed, portion of.the thin first te

ger mani um gy dirst gate E}I'Yr?lr %\O ﬁ?ﬁ %ﬂ? ﬁ]"%@ g@tglﬁ?&tﬁﬁ Pa’fﬁ%}_ Irsiaﬁ%ﬂn?lé%? bﬁg&tei S5 t hen

e 1y bPir GihBS 4l irt B oG Ea bBYEn BPIE'RM ARPLak 3 RO TR ELRED O
thin first gate material/silicon layer portion than annealing to form the thin third

gate layer portion.

36. The method of claims 22, 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
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 22 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:
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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