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12 3 45AMETHOD TO FABRICATE VARIABLE WORK FUNCTION
GATES 6 FOR FUSI DEVICES 7 8 9 Background of Invention 10 1) Field
of the Invention 11 This invention relates generally to the fabrication of
semiconductor 12 devices and particularly to the fabrication of variable work
function gates for fully silicided 13 (FUSI) devices. 14 15 2) Description of
the Prior Art 16 17 In order to cater to different product applications, ultra
large scale 18 integrated (VLSI) circuits generally include a multitude of
transistors with different 19 threshold voltage, Vt values. This is true even for
the same polarity devices, for e.g., for 20 NMOSFETS, there is a need to
fabricate high Vt, low Vt, and regular Vt devices on the 21 same platform.
Typically, the threshold voltages are tuned using Vt adjustment implants 22
into the channel. However, excessive channel dop}i)r{/g2 e carrier

d d
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the patent literature can be gl%ﬁfijﬁ?ﬁyﬁﬁﬂﬂﬁ@ the following. 26

Background of Invention
1) Field of the Invention
This invention relates generally to the fabrication of semiconductor
devices and particularly to the fabrication of variable work function gates for fully silicided

(FUSI) devices.
2) Description of the Prior Art

In order to cater to different product applications, ultra large scale
integrated (ULSI) circuits generally include a multitude of transistors with different
threshold voltage, Vt values. This is true even for the same polarity devices, for e.g., for
NMOSFETs, there is a need to fabricate high Vt, low Vt, and regular Vt devices on the
same platform. Typically, the threshold voltages are tuned using Vt adjustment implants
into the channel. However, excessive channel doping can degrade carrier mobility due to
impurity scattering.

Relevant technical developments in the patent literature can be gleaned

by considering the following.

J. H. Sim, H. C. Wen, J. P. Lu, and D. L. Kwong, Dual Work Function
Metal Gates Using Full Nickel Silicidation of Doped Poly-Si, IEEE ELECTRON
DEVICE LETTERS ,VOL. 24, NO. 10, OCTOBER 2003 631-
1
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27 J. H. Sim, H. C. Wen, J. P. Lu, and D. L. Kwong, Dual Work Function 28
Metal Gates Using Full Nickel Silicidation of Doped Poly-Si, IEEE

ELECTRON 29 DEVICE LETTERS VOL. 24, NO. 10, OCTOBER 2003 631-

1 1 Lahir S. Adam, Christopher Bowen, and Mark E. Law, On Implant- 2
Based Multiple Gate Oxide Schemes for System-on-Chip Integration, IEEE 3
TRANSACTIONS ON ELECTRON DEVICES, VOL. 50, NO. 3, MARCH 2003
589 - 4 600, 5 UJ-8M55Y, dekBeShEs R Ray e 888 oRkdial gateMitmBloD-
B anptRpstiaervRierdravinssiropyieeh dapantp fatcMda, dewees and
method of 7 making with a replacement gate process. 8 US Patent

S RANSACTIONG O KLBGAFSIN 2004 5y Yicken G Ncracki AR 905 559 -
widn shallow junction formed. 10 US Patent Application 20040106261 Al
Huotari, et al. - Method of 11 forming an electrode with adjusted work

function. 12 US PRI RAEG58hsbabgsy S R\RK, Mek! galsusith 24D
2RZpHehd 4i1ikbn 2ade2hBiflg PnipMBRBOPALRErOR EVITB R ViB& axamelod of

STpRdImEs of e pesentnyenion provice a siucture

US Patent 6,555,453 - Xiang, et al. April 29, 2003 -Fully nickel
silicided metal gate with shallow junction formed.

US Patent Application 20040106261 A1 Huotari, et al. - Method of

forming an electrode with adjusted work function.

US Patent Application 20020008257 - RNAK, et al. January 24, 2002
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7 and a method of fabrication of a variable work function gates in a FUSI
device. 8 9 An example embodiment for a method of fabrication of a variable
work 10 function gates in a FUSI device comprising the steps of : 11 a)
providing a substrate having a NMOS region and a PMOS region; 12 b)
forming a gate dielectric layer and a gate layer over the substrate; 13 c)
performing a pre-dope polysilicon implant process by implanting 14 impurities
into the gate layer gate prior to gate patterning according to 15 Vt
requirements; 16 d) forming a cap layer over the gate layer; 17 e) patterning
the cap layer, the gate layer and the gate dielectric layer to form 18 a NMOS
gate dielectric layer, a NMOS gate and NMOS cap in the 19 NMOS region
and a PMOS gate dielectric layer, a PMOS gate and 20 PMOS cap in the
PMOS region; 21 f) performing a NMOS SDE implant process to form NMOS
SDE regions in 22 the NMOSYBYRHY 25 the-BHSHIMY a PMOS SDE implant

to form PMOS SOk egipmsdretiteo @M OBt he girRe @5 Meiaron pgodMQS tructure
spacers on the sidewalls of the NMOS gate and forming. 26 PMOS spacers

BRdAdnsihad afidabrisrioME g GaPls VT MR HARGURMA S 'Sb i iant

process to form NMOS S/D regions in 28 the NMOS region; 3 1 j) performing
a PMOS S/D implant to form PMOS S/D regions f‘fn he 2 PMQOS region; 3 k])
annealing the subStrSt&8 TS ERRRRENhiBLARLRRE {ipg. of'a variable work

function gates in a FUSI device comprising the steps of :

a) providing a substrate having a NMOS region and a PMOS region;

b) forming a gate dielectric layer and a gate layer over the substrate;

c¢) performing a pre-dope polysilicon implant process by implanting
impurities into the gate layer gate prior to gate patterning according to
Vt requirements;

d) forming a cap layer over the gate layer;

e) patterning the cap layer, the gate layer and the gate dielectric layer to form
a NMOS gate dielectric layer, a NMOS gate and NMOS cap in the
NMOS region and a PMOS gate dielectric layer, a PMOS gate and
PMOS cap in the PMOS region;

f) performing a NMOS SDE implant process to form NMOS SDE regions in
the NMOS region;

g) performing a PMOS SDE implant to form PMOS SDE regions in the
PMOS region;

h) forming NMOS spacers on the sidewalls of the NMOS gate and forming
PMOS spacers on the sidewalls of the PMOS gate;

1) performing a NMOS S/D implant process to form NMOS S/D regions in
the NMOS region;
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4 1) forming a NMOS silicon layer over the NMOS S/D region and a PMOS 5
silicon layer over the PMOS S/D region using a selective epitaxial 6 growth
process; 7 m) removing the NMOS cap and the PMOS cap using a selective
etch 8 process; 9 n) depositing a metal over the substrate surface and the
NMOS gate and the 10 PMOS gate; 11 0) annealing the metal layer to form
fully silicided NMOS gate and fully 12 silicided PMOS gate and raised )
silicided NMBS @ﬂﬁfvegfaﬂsaa%%ﬂéﬁsw MpLiRdide dopmB & fegreians in the
thereby the fully siigidesBWRS gate 14 and fully silicided PMOS gate have
variable work functions. 15 16 17 Other examgle embodiments are shown in

the detailed Ho3RATHBIE BSUPS TG BRAINKCABTIBP U iCaRRaSHO L& Fhe
above and bpleynmdvantagessaiscianiwese HeRIMEES BIEiKeidf) and a PMOS

embodiments only, and are not exhaustive and/or exclusive. They are | .
presented only to SYEQRGIERPUHSEMAR RS SRIRHEIAS / FlSEHt pepitaxial

understood that theywie petesi;representative of all the inventions defined by
the claims, to be considered limijtations on 23 the invention as defined by the

claims, or linfthtiSHESHRHH AN P BmEMES? R INBs i ISHiNE gFh

these advantagespiaydae mutually contradictory, in that they cannot be 25
simultaneously present in a single embodiment. Simeijlarly, some advantages

are applicabld Z8%5'8R8 %El?&g Y ShamIRRIEHe S aﬁaﬁmimgtﬁéﬁ?nd the
Furthermore, cert@mespgats of 27 the claimed invention have not been

discussed herein. Howeyer, no jnference, should be 28 drawn regarding those
Cioousacd hal ST FAIA e RBLAANR 1 QU SISV S s g Ty

purposes of spacsi@ioiliseRMIDG papeiiitdrai Jdaus]ithis & WNTOS B /5 fegiviesnd raised
and advantages .. . ) o
silicided PMOS S/D regions ; thereby the fully silicided NMOS gate

and fully silicided PMOS gate have variable work functions.

Other example embodiments are shown in the detailed description and
in the claims as filed and amended.

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only to
assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations on
the invention as defined by the claims, or limitations on equivalents to the claims. For
instance, some of these advantages may be mutually contradictory, in that they cannot be
simultaneously present in a single embodiment. Similarly, some advantages are applicable
to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for

purposes of space and reducing repetition. Thus, this summary of features and advantages

4
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4 1 should not be considered dispositive in determining equivalence.
Additional features and 2 advantages of the invention will become apparent
in the following description, from the 3 drawings, and from the claims. 4 5 5
1 2 Brief Description of the Drawings 3 The features and advantages of a
semiconductor device according to the 4 present invention and further
details of a process of fabricating such a semiconductor 5 device in

et eRASIHE gL eRpsivEAR ST R iBdnsm BB enfF unddidesshifaies and
i afrhelowingedaseHntp v iakRRdheappHsHion YHETShewieeamRaiog, from the

drawings in which like 7 reference numerals designate similar or
dErraagdrtit frenherfieifsgions and portions and 8 in which: 9 Figures IA,
1B, 1C, 1D, 2 through 8 are cross sectional views for 10 illustrating a method
of fabrication of a variable work function gates in a FUSI device 11 according
to an example embodiment of the present invention. 126 1 2 3 4 Detailed
Description of the Example Embodiments 5 6 Embodiments of the present
invention can eliminate the problem of
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7 poly-depletion and excessive channel doping for threshold voltage
adjustment by forming 8 CMOS devices using FUSI gates with variable work
functions. This can be achieved by 9 implanting suitable dopants at desired
dose into the poly-Si gates prior to the FUSI 10 process. This invention is not
limited to only NiSi metal gates and is applicable to any 11 metal-silicide
system. 12 EXAMPLE EMBODIMENT 13 An example embodiment of the
present invention will be described in 14 detail with reference to the

accompanying drawings. ﬁh@mg@qf,{mafimmy{dﬁfgg 15 method of
fabrication of a variable work funcanr]ga ates in a FUSI device. 16 A. provi

substrate having ANFE8ITa gRshady W%%&?&?njﬁl‘i‘%@rﬁ@f&ﬁﬁﬁc%dlng to the

fesead mwediovidera Gebatiale 10 HpMibes adi MENR & sagien Al Acbaductor
PMOS region 14. The NMOS region is where NMOS type device can be 20

fsrrsdnPHEcEIISS YA ReiRTASBL ARG bk RfeMersclept e g rrsirpdiiom the
Th slbsater i pieleeatly hasuseliaiioni iegiens cfihalsad Gepraiatadhehich like
22 NMOS region 12 and the PMOS region 14. 23 The substrate 10 can be
E%fﬁ’fﬁﬂ%%au&‘eé%?i&%ﬁ??ées?ﬁ‘&%w&@@ﬁsp?&@m&&ﬁe&ﬁ%JP%&“é&BQtP&@OHS and
>Phicgtrained silicon or SiGe (silicon-germanium). 25 B. forming a gate
dielectric layer and a gate layer 26 7 1 Next we form a gate dielectric Iayer

21 and a gate layEIEYS bidtetabiy C2 PampHESHSY Ay SIS Gl oaRYs for
(n@!&rﬁihgmﬁéﬁﬁ)atmbmﬁﬁea@mteﬂawlaﬁleamamn&m maeleioh PRI device

crys %e§ gs%llg%\ %errgnglgﬁa %Iﬁgo% g(ig)prgs'el'rﬁel aetneulo If}/er 25 preferably has
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6 C. perform a pre-dope gate (polysilicon) (gate Vt adjustment) implant 7
process into the NMOS gate region 8 9 In this step, we perform a
(polysilicon) gate layer pre-dope (gate Vt 10 adjust) implant process in both
the NMOS and PMOS gate regions to implant impurities 11 such as P+, As+,
B+, BF2+, N+, Sb+, In+, C+, Si+, Ge+ or Ar+ into the gate layer 25 prior 12
to gate patterning, according to Vt requirements. 13 14 Referring to figure
1B, we perform a NMOS gate pre-dope gate layer 15 implant process 27 into
gate layer 25 to form NMOS gate region 23 in the NMOS region 16 12. 17
The NMOS gate pre-dope implant process 27 preferably comprises 18
forming a NMOS gate pre-dope mask 16 over the PMOS region 14 and

implanting gate ISkeaRADIACHPHINSF R TR EAHdingehyOS region
12. 20 We remove the NMOS gate pre-dope mask 16. 21 D. performing a
pre-dope gate layer (gate Vt adjustment) implant 22 process into the PMOS

gate region 23 Refgingiefig wraikGrive R eniaint ¢h RMQBngatedate- gatem of
gate layer .24 implant process 29 into gate IaYgr 25 to form PMOS gate

REGTCR IR PRIESS G 28! 14PBE 1 BRI gaasreidipngatdYalpaming
ONMEStdRIEasSS R efrailys witlcompuRes sakminaRMAS gatdpreidonsl by
mask 18 over the NMOS regjon 1 1iatnd .28 implanting gate dopant ions 29
BTG Bt TAD DA RS SO LRSSV e AL Shte

preceapamiask diffior is not limited to only NiSi metal gates and is applicable to any

metal-silicide system.

EXAMPLE EMBODIMENT

An example embodiment of the present invention will be described in
detail with reference to the accompanying drawings. The present invention provides a

method of fabrication of a variable work function gates in a FUSI device.

A. provide a substrate having a NMOS region and a PMOS region

Referring to figure 1A, we provide a substrate 10 having a NMOS
region 12 and a PMOS region 14. The NMOS region is where NMOS type device can be
formed. The PMOS region is where PMOS type devices can be formed.

The substrate 10 preferably has isolation regions 20 that can separate the
NMOS region 12 and the PMOS region 14.

The substrate 10 can be comprised of a crystalline silicon wafer, a

silicon on insulator substrate (SOI), strained silicon or SiGe (silicon-germanium).

B. forming a gate dielectric layer and a gate layer
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3 For the gate dopant ion implantation process, the implantation dose for 4
the impurities is in the range of 5x1014/cm2 and 1x1016/cmz2, with
implantation energies of 5 between 3 keV and 100 keV. The resulting
impurity concentration in the gate layer is in 6 the range of 1E18 atoms/cm3
and 3E20 atoms/cm3. 7 8 We can include co-dopants to modulate the Vt
such as P+, As+, B+, 9 BF2+, N+, Sb+, In+, C+, Si+, Ge+ or Ar+.

Co-dopants refer 5 4nycsimin G erBiclYR pUrhkp et daystetd aselsgably
Hoh psi tedast ivoplaniRehiniR teceate iy RovetiB-advantiage dakd3adiadt2s can also

sometimes there maﬁnot exist a single type of dopant that can modify the

5@ R A yGreiailing Mlea s R @M CRence, by the
implantation of diffgeenidlaRaptsiptefetablpa gaiehWrneadbaiRscths0/aks0 nm.

function more easily since different dopants can have 14 different effects on
the work function. Another advantage is that we can make use of the 15
different ions for stress en ineeringﬁin the gate. Different amount of stress in

the gat&cRRMASTR QR HRReFRIR BrafSUispudonte (4 aqiugiment ) implant

implantation PHreRESE it T NIMDBItE Fep@bh S for Vt 19 setting.
Preferably the source/drain extension (SDE) ion implantation does not dope
the 20 poly-Si because there will be a nitride cap layer over the poly-Si. 21

22 E. form a cap s, form.a, e

the gate layer 25 ﬁrﬁ%ﬁgﬁﬁ%ﬁ%@ﬂ%ﬁ c%r\g%ﬁs% 0}5&:’% @%dd ﬂ%\ée(ga%égw
thigleheiseranbptosseni 80O thriticSSN EXigmiroMd O2eeriepagienming inwbap ilaperities
Qﬁ%}gﬂ%ﬁy&m@‘iF'ﬁ%ﬁtﬁgfﬁﬁmﬁﬁﬁﬁ 9 Aéeérb‘}")é{}m(f't%‘{h% %Be \{\@er 25 prior
pattern thé cap layer, the gate layer 25 and 27 the gate dielectric Tayer 21 to
forgata NMD8gats diedargrie MireqrzeaMmMOS gate 26 and 9

Referring to figure 1B, we perform a NMOS gate pre-dope gate layer
implant process 27 into gate layer 25 to form NMOS gate region 23 in the NMOS region
12.

The NMOS gate pre-dope implant process 27 preferably comprises
forming a NMOS gate pre-dope mask 16 over the PMOS region 14 and implanting gate
dopant ions 27 into the gate layer 25 in the NMOS region 12.

We remove the NMOS gate pre-dope mask 16.

D. performing a pre-dope gate layer (gate Vt adjustment ) implant
process into the PMOS gate region

Referring to figure 1C, we perform a PMOS gate pre-dope gate layer
implant process 29 into gate layer 25 to form PMOS gate region 17 in the PMOS region
14.

The PMOS gate pre-dope gate layer implant process 29 preferably
comprises forming a PMOS gate pre-dope mask 18 over the NMOS region 12 and
implanting gate dopant ions 29 into the gate layer 25 in the PMOS region 14.

8
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1 NMOS cap 30 in the NMOS region 12 and a PMOS gate dielectric layer 24,
a PMOS gate 2 28 and PMOS cap 32 in the PMOS region 14. 3 G. perform
a NMOS SDE implant process 4 Referring to figure 2, we perform a NMOS
source/drain extension 5 (SDE) implant process 35 to form NMOS SDE
regions 36 in the NMOS region 12. 6 The NMOS SDE implant process 35
referably comprises forming a 7 NMOS SDE mask 34 over the PMOS
GitHPr g IMERNEAL RIS fons 35 8 into the substrate 10 in
the NMOS region 12 and the NMOS cap 30. 9 We remove the NMOS SDE

mask 34. 10 Preferably the NMOS SDE ion implantation does not dope the
poly gate 11 laydi®aBierHuNINRIa! SPHETRIBRAL L PERRSHh &R AR BIGHiRE dose for

PRSP @ ERses kithepRbb31004/er2.a0d BMLOLRE M2 RN AMEARID¥nergies of
between 0.5 keV and 15 keV. 14 H. perform a PMOS SDE implant 15

PerEsring 5 Eitittd D e pd o sy W BN 8P S BE SRS e Tohneal BKfES in

gl karegions B3gndhasrMOMaetion dbmk/ciiie PMOS SDE implant process
39 comprises forming a PMOS SDE 18 mask 37 over the NMOS region 12

and implanting P type impurity ions 39 into the 19 substrate 10 in the PMOS

region 14 and theWRM@S sanddZ o2 pha AYRSISRE iRpartis perPamed, B+,
with B.or BF2 ions at a dose_ 21 between 5x1014/cm2 and 3x1015/cm2 anglthe

& Endtgy Betw8En o 2 Kav Eria Lo ey DL NPT HEGe e B AAGS &then ©

maskidyspadick, liewn M thapraerbeanthRMEIS Apake s k4 fyefasinthéadvantage

figure 4, we form NMOS spacers 42 on the sidewalls of the 25 NMOS gate
iy &‘?Hﬁﬂmaslﬁ’i{ﬁ&?%a\e@é@‘kﬁ aoﬂ‘{ﬁ% éYé?&ﬁg,ﬂaQQﬂ“ﬂ%% (ABE A 2%’ gge work

function to meet the Vt requirements. Hence, by the implantation of different dopants into
the gate, we can tailor the work function more easily since different dopants can have
different effects on the work function. Another advantage is that we can make use of the
different ions for stress engineering in the gate. Different amount of stress in the gate can

result in different Vt of the devices.

This ion implantation process 1s the main doping of the poly-Si for Vt
setting. Preferably the source/drain extension (SDE) ion implantation does not dope the

poly-Si because there will be a nitride cap layer over the poly-Si.

E. form a cap layer over the gate layer Next, we form a cap layer over
the gate layer 25. The cap layer is preferably comprised of SiN and has a thickness

between 300 and 800 angstroms.

F. patterning the cap layer, the gate layer and the gate dielectric layer

As shown in figure 1D, we pattern the cap layer, the gate layer 25 and
the gate dielectric layer 21 to form a NMOS gate dielectric layer 22, a NMOS gate 26 and
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1 The NMOS spacers 42 and the PMOS spacers 44 preferably comprised 2
of silicon oxide or silicon oxynitride or nitride and preferably of oxide with a
thickness 3 between 300 and 800 A. 4 J. perform a NMOS SID implant
process 5 We preferably perform a NMOS S/D implant process 47 to form
NMOS 6 S/D regions 48 in the NMOS region 12. 7 The NMOS S/D implant

rocess comprises forming a NMOS S/D mask 8 46 over the PMOS region
RMOS SN YA ASSiy ToALd MG e (el Y R MOS gate

DMRSFREINCAZ anchthe NMOSBaien26:. 10 11 The NMOS S/D implant is

performed with P or As ions at a dose 12 between 1x1015/cm2 and
1x1016/cm2 %ng an eﬂﬁ% en 2 keV :}md 30 keV. 13 We remove the
NMOS S/BFETAE. ? yertol iR g’F‘R/I?)%?%?D implant 15 Referring to
figure 5, we perfopuyaRIMRSiSIR RlaRLELL PNMAS PMOSISR Ee8ifin
50 in the PMOS region 14. 17 18 The PMOS S/D implant process 51

OYAEVABID RBRERRSSS Toriangra DVERMSE B szinas K aodhe MO NRsien 12.

region 12 and impigtnAGStERsEiIMBIALY jeheR1RRRPMG soiaphiale Afrfing a
the PMOS region 14 and the PMOS gate 28; and removing the PMOS 21
S s anak B oyepibs RN gt d it HamMES gateonspprp-iqes 35

imBlagGh LRI eS8 The MR NFIBY/Egouid dope the poly

gate layer. Depending on the 25 thickness of the nitride cap over the poly
and the energy oMYSde10Ve e BMDTE 5k 26 may dope the poly gate

layer. However, thbe-6oping @f RO S D B dsiBrEISERINt dope the poly gate
layer.
The NMOS SDE implant is performed with P or As ions at a dose

between 5x10'*/cm” and 3x10"*/cm?” and an energy between 0.5 keV and 15 keV.

H. perform a PMOS SDE implant

Referring to Figure 3, we perform a PMOS SDE implant 39 to form
PMOS SDE regions 38 in the PMOS region 14.

The PMOS SDE implant process 39 comprises forming a PMOS SDE
mask 37 over the NMOS region 12 and implanting P type impurity ions 39 into the
substrate 10 in the PMOS region 14 and the PMOS cap 32.

The PMOS SDE implant is performed with B or BF; ions at a dose
between 5x10'*/cm? and 3x10'"/cm? and an energy between 0.2 keV and 10 keV.

We remove the PMOS SDE mask 37.

1. form NMOS spacers and PMOS spacers

Referring to figure 4, we form NMOS spacers 42 on the sidewalls of the
NMOS gate 26 and forming PMOS spacers 44 on the sidewalls of the PMOS gate 28.

10
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27 not the main doping for Vt modulation. 11 1 The PMOS S/D implant is
performed with B or BF2 ions at a dose 2 between 1x1015/cm2 and
1x1016/cm2 and an energy between 2 keV and 20 keV. 3 The S/D Ul could
be used in co-doping process to dope the gate and 4 affect the work function
and get the desired work function or Vt. 5 6 L. annealing the substrate to
activate the impurities in the substrate 7 and in NMOS and PMOS gates 8 9

Next, we anneal thee WA p6estdotediihe IPABORtRasRTE pKHaRE qemprised
sechiasntBgi & Brredies: SoAitRINN @Fiapd RV 8o Rl MR idREess

an RTA 11 process with a temperature between 1000 and 1300 C for a time
BeRRPBE0RAGELEE 12 and 5 sec. 13 14 M. form a NMOS silicon layer

and a PMOS silicon layer using a 15 selective epitaxial growth (SEG)

procesg/.16 Rejenfiogmo dNNVMOT SOfmp ahi\beecedison layer 54 over the
17 NMOS S/D region 48 and a PMOS silicon layer 58 over the PMOS S/D

region 50 using a'VesPéefieiatle Resferian HMWD PAEmniratreseind 2totaEm NMOS

NS Rica8 |ayse Rvang @EMQS silicon layer 58 preferably 21 have a
thickness between 30 and 60 nm. 22 We remove the NMOS cap 30 and the

PMOS cap 32 usitef &84 tVE DpliehPEressssOpWriies LEBAqayaNM @3 S/D mask
8 RE AlePUMSHela dhthickRessJRMRIBYENtype impurity ions 47 into the substrate 10

in the NMOS region 12 and the NMOS gate 26.

The NMOS S/D implant is performed with P or As ions at a dose

between 1x10"°/cm” and 1x10'%cm” and an energy between 2 keV and 30 keV.

We remove the NMOS S/D mask 46.

K. performing a PMOS S/D implant

Referring to figure 5, we perform a PMOS S/D implant 51 to form
PMOS S/D regions 50 in the PMOS region 14.

The PMOS S/D implant process 51 preferably comprises forming a
PMOS S/D mask 49 over the NMOS region 12 and implanting P type impurity ions 51 into
the substrate 10 in the PMOS region 14 and the PMOS gate 28; and removing the PMOS
S/D mask 49.

B+ or BF2 + is implanted into the PMOS gate, As+ or P+ is implanted
into the NMOS gate.

The PMOS S/D I/I could dope the poly gate layer. Depending on the
thickness of the nitride cap over the poly and the energy of the S/D I/1, the PMOS S/D I/
may dope the poly gate layer. However, the doping of the gate by the S/D I/l is preferably

not the main doping for Vt modulation.

11



LN A W N =

O o0 9 O

10

12
13

14
15

16
17
18
19
20
21
22
23
24
25
26
27
28

25 excessive amounts of the source and drain (S/D) regions from being
consumed by the 26 subsequent silicide processes to form the completely
fully silicide gates. Hence, the 27 silicidation of the gate (FUSI) and the S/D
regions can be done simultaneously. This is 28 different to the conventional
way of forming FUSI gates where the gates and the S/D 12 1 regions are

formed separately. Usuaflil%%the thin silicide at the S/D regions is formed first,
2 followed by theyl}l@pBM YPrimrlandepes oanet witth hegBE isToavpalose

wuskessilicide _in3 the 916 AHIF siiddation)e ¢ berNedEPRENINAR VR 6 As
shown in figure 7, we deposit a metal 62 (e.g., essentially Ni, Pt, 7 NiPt, NiPd

or Co, or combindttny ko 6 \er el dnserioing Reassssia fhacNffGae and

gtet theGvandfthr dM ahal gatendiclird® Whekdanesdneometal, such as
essentially Ni, Pt, NiPt, NiPd or Co and 11 most preferably Ni. The

advantages of using an alloy of Ni such as NiPt or NiPd as an 12 alternative
metal are that the silicides formed from these alloys with silicon have higher
13 therinaasmaalipghthie surbsticiel toliactézatddhecimipueitieke is the substrate

agglomeration arcl{j.le und @% owth/formation of NiSi on regions
where there sRodld hot g\%afﬂf?ﬁsy; ICI eg%?he theoretical ratio of the

amount of Ni needed to form NiSi is 16 Ni:Si:NiSi = 1:1.84:2.22 with - 10%

range limits. For e.g., for the FUSI of a 70 nm poly- 17 Si gate 26 and 28,
threshold thickneS¥8f NFERR63hHBGIL SHAtcleRC At merdisn &y the gbstrate

fukby aligidafipis B3N andl@ N aia P e naiakapRirtea iy iuliye an RTA
silicided NMOS gate and 20 fully silicided PMOSSgate and raised silicided

RIVSS B relGiIRer B4 R s d Widnd d P65 3ipag Ritween S00 microsec

and 5 sec.

M. form a NMOS silicon layer and a PMOS silicon layer using a
selective epitaxial growth (SEG) process

Referring to figure 6, we form a NMOS silicon layer 54 over the
NMOS S/D region 48 and a PMOS silicon layer 58 over the PMOS S/D region 50 using a

selective epitaxial growth (SEG) process.

The NMOS silicon layer 54 and a PMOS silicon layer 58 preferably
have a thickness between 30 and 60 nm.

We remove the NMOS cap 30 and the PMOS cap 32 using a selective
etch process.

The silicon layers 54 and 58 are formed to a thickness to prevent
excessive amounts of the source and drain (S/D) regions from being consumed by the
subsequent silicide processes to form the completely fully silicide gates. Hence, the
silicidation of the gate (FUSI) and the S/D regions can be done simultaneously. This is

different to the conventional way of forming FUSI gates where the gates and the S/D
12
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22 As shown in figure 8, we anneal the metal layer to form fully silicided 23
NMOS gate 70 and fully silicided PMOS gate 78 and raised silicided NMOS
S/D regions 24 68 and raised silicided PMOS S/D regions 74. 25 Fully
silicided means that essentially all of the poly gates 26 and 28 are 26
reacted to form silicide 70 and 78. 27 Preferably, between 0 and 500
Angstroms of the substrate below the 28 NMOS silicon layer 54 and PMOS

LR [dreiosBeshacpardtinddsuply: theydia sdiciAe & AlsrefBrsesP AR iigrmed first,

ficknead phiketuradRthsranttd &IRAMwaN R iy ®licided NMRBsilicide at
g%:e 70 and fully silicided PMOS gate 78 4 preferably have a thickness

WEH BB 5 1f there is any unreacted metal left, we can
remove the unreacted metal 6 (e.g., Ni) with an optional selective metal etch
process. It is preferably a wet etch. 7 Thus, FUSI gates with variable work
function?qs are foymed..This in turE 18 forms transistors with different threshold

voltages. 9 P. BRI {Pr% S

es of the example embodiment 10 11 The

embodiment's FUS) gajes h@ﬁ%(dﬂan)&@dd@?}@%%JQ%QQE%”.,"@&%E&&@}DN, Pt,
r

FUSI include: tunable gate work functions with suitable doping, elimination of
NEpANEA erdiipietrniBreWARE dolmpytiche Wit Eatsvahtrsaand the NMOS gate

ggmgmgr@@r@_s and 14 processes; for e.g. no new etch process is
required for gate pattern definition since the 15 poly-Si is first etched to form
gate electrodes followed by full silicidation. This is different 16 from the

conventional metg} 9atps sihergthe smaialseaseniiral drposiied ansigghed and

form 17 gate electrodes. Also, for conventional metal gates, there is a

gt eraiprablatilic hs MdrmararanbHsindahallpxeldtisigh@s NiPt or NiPd as an

alternative metal are that the silicides formed from these alloys with silicon have higher
thermal stability than pure nickel silicides. Hence, there is less agglomeration and less
undesired growth/formation of NiSi on regions where there should not have any silicide.
The theoretical ratio of the amount of Ni needed to form NiSi is
Ni:Si:NiSi = 1:1.84:2.22 with ~ 10% range limits. For e.g., for the FUSI of a 70 nm poly-
Si gate 26 and 28, threshold thickness of Ni 62 to provide sufficient amount of Ni to ensure

fully silicidation is 38 nm.

O. annealing the metal layer to form fully silicided NMOS gate and
fully silicided PMOS gate and raised silicided NMOS S/D regions
and raised silicided PMOS S/D regions

As shown in figure 8, we anneal the metal layer to form fully silicided
NMOS gate 70 and fully silicided PMOS gate 78 and raised silicided NMOS S/D regions
68 and raised silicided PMOS S/D regions 74.

Fully silicided means that essentially all of the poly gates 26 and 28 are
reacted to form silicide 70 and 78.

Preferably, between 0 and 500 Angstroms of the substrate below the

NMOS silicon layer 54 and PMOS silicon layer 58 are consumed.
13
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19 20 21 The embodiments are intended module the gate work function in

the 22 broadest sense. Hence the embodiments can be applied to make 2, 3

or more different work 23 function FUSI gates and it is not limited to "dual

work function metal gates”. Present day 24 devices can have multiple gates

with different work functions (and Vt) requirements, the 25 embodiments can

be used to make 2 or mare gates with different work functions (and Vt). 26

Even for the samd-BYtatif} dBdicarebratly, MNFashEeth ol R ueRraRdy S5 and
fadorigate high 27 Vt, low Vt, and regular Vt NMOS devices. 28 141 2 3 The
embodiments of the invention can have any combination of the 4 followin

features: 5 1. uselOFHIRCAVCSHDM Y&t (S ok wsiidgieg, EMOS ghte 78

peeeehiyainy S iR HegiepsieioTaraiged 2P structures. 7 2. The
embodiments form NiSi and other metal/silicide fully silicided 8 (FUSI) gates.

The advantages Of BEFSISOY HArsiraD R gatdeione SR s i SRtedls dgnetal
dopinavisliminatiospabiie eelyHSt denlgtiarhefifect il esgaetpabbe With etch.

conventional 10 semiconductor materials and processes; for e.g. no new

etch process is redtitelYor gates YAt AHaFhlGSTiOHSHnDS e foomed; it gy turn

esehedriodRivroate eiearadandaliowmed vkl 12 silicidation. This is different
from the conventional metal gates where the metals are first 13 deposited

s 1R o A e Rl EHBRREE, 5 s e
gate dielectric. 15 3. We
can include co-dopants to modulate the Vt such as P+, As+, B+,

The embodiment's FUSI gates have many advantages. The advantages
of FUSI include: tunable gate work functions with suitable doping, elimination of the poly-
Si depletion effect while compatible with conventional semiconductor materials and
processes; for e.g. no new etch process is required for gate pattern definition since the
poly-Si is first etched to form gate electrodes followed by full silicidation. This is different
from the conventional metal gates where the metals are first deposited and etched to form
gate electrodes. Also, for conventional metal gates, there is a concern of metallic

contamination into the gate dielectric.

The embodiments are intended module the gate work function in the
broadest sense. Hence the embodiments can be applied to make 2, 3 or more different work
function FUSI gates and it is not limited to “dual work function metal gates”. Present day
devices can have multiple gates with different work functions (and Vt) requirements, the
embodiments can be used to make 2 or more gates with different work functions (and Vt).
Even for the same polarity devices, for e.g., NMOSFETSs there is a need to fabricate high
Vt, low Vt, and regular Vt NMOS devices.

14
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16 BF2+, N+, Sb+, In+, C+, Si+, Ge+ or Ar+. 17 4. Gate electrodes with three
or more work functions can be formed on 18 the same chip. 19 5. The
Source/Drain implants can be used to dope the PMOS and/or 20 NMOS
gates (co-doping) to achieve the desired work function. 21 22 23 151 Q.
Non-limiting example embodiments 2 In the above description numerous
specific details are set forth such as 3 flow rates, pressure settings,
thicknesses, etc., in order to provide a more thorough 4 understanding of the
present invention. It will be obvious, however, to one skilled in the 5 art that
the present invention may be practiced without these details. In other
instances, 6 well khowinlpréicesyheldanotvsesnndesschitiediny ¢gemhirroedeatdic
@&i%@%ﬁﬁﬂ%’ obscure 7 the present invention. 8 Unless explicitly stated
otherwise, each numerical value and range 9 should be interpreted as being

approximate as iflthesovofrsetisoine spuppedarnatalySEO et Se deer ithe seuuessirain
W&g&{sr@%gn%&ygmg%@ggg{ of embodiments of the present

invention just 12 described, the above description and illustrations show not

be taken as limitidg The ebpdimavr itepréSesdmbetiontaésiticti oty silicided
&ﬁﬂithﬁﬁéﬁew?ﬂ% 106 JnEBlGR ESTARERN RAHGUIREY. ABQVMARA ARFCDRA suitable

reference to the preferred embodiments thereof, it will be understood

Boniaselyrimation of shtaddyt thaenktions dhenybiddarpatine Wetasenyrnyipeal
RAdEMIHQYF ARRHERANPRIIG I RRIBLAAY RCOREATIRRIVRTIGRiEdFor gate
intended to cover various modifications and similar
pattern definition since the poly-Si is first etched to form gate electrodes followed by full
silicidation. This is different from the conventional metal gates where the metals are first
deposited and etched to form gate electrodes. Also, for conventional metal gates, there is a
concern of metallic contamination into the gate dielectric.

3. We can include co-dopants to modulate the Vt such as P+, As+, B+,
BF>+, N+, Sb+, In+, C+, Si+, Ge+ or Ar+.

4. Gate electrodes with three or more work functions can be formed on
the same chip.

5. The Source/Drain implants can be used to dope the PMOS and/or

NMOS gates (co-doping) to achieve the desired work function.

15
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18 arrangements and procedures, and the scope of the appended claims
therefore should be 19 accorded the broadest interpretation so as to
encompass all such modifications and similar 20 arrangements and
procedures. 21 22 23 24 25 161 2 Whatis claimed is: 3 4 1. A method of
fabrication of a variable work function gates in a FUSI device; 5 comprising
the steps of : 6 a) providing a substrate having a NMOS region and a PMOS

region; forming. a gate dielectric Jayer and. a gate layer over said
substra?g;@oﬂ'z)}q@r}g'/ﬂﬂgr?gxg’gpe%gﬂég@ngﬂfimplant process to implant
impu_rities 9 into IHQIQ%IE&@&'@E&%&% %ﬁ&éﬁ@iﬁ&&i@%ﬁ%é@eﬂ&% such as
requirements; 11 d) fprmlng. a cap layer over said gate layer; 12 e) patterning

Sy EHpSIdYFEP S WsiacH AT kARP eIt G ate QidfE RIS idners [horogeh

dalR dighReiiG Ry R NMQSdats andaiNM G5 £aR, AR A 4NMQRilled in the
region and a PMOS gate dielectric layer, a PMOS %?ate and a 15 PMOS cap

B DR OSSFa B 1B NS BNNASE erhel (R Brpiee 1 d5at ss iy adgstances,
gl 1anRAvaaicbbiVIQRvd AR R UBa NMQSLalE SIMEH® not unnecessarily obscure

the present invention.

Unless explicitly stated otherwise, each numerical value and range
should be interpreted as being approximate as if the word about or approximately
preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.

16
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18 (2) said PMOS gate dielectric layer, a PMOS gate and a PMOS cap 19
form a PMOS gate structure; 20 f) forming a NMOS transistor having a fully
silicided gate using said NMOS 21 gate structure and a PMOS transistor
having a fully silicided gate using 22 said PMOS gate structure; whereby the
fully silicided NMOS gate and 23 fully silicided PMOS gate have variable
work functions. 24 25 2. The method of claim 1 wherein the pre-dope gate
layer implant process comprises; 26 masking said gate layer in the PMOS
Waianans menlanting pre-gate 27 dopants into the gate layer in the NMOS
region to form a NMOS gate region; 17 1 and masking said gate layer in the
NMOS region and implanting pre- 2 gate dopants into the gate layer in the

PMQ Sneepdano g {prthadiMOS 88 ke fandidn Haemethed of glairel

which further includes: 5 a) forming a cap layer over said gate layer; 6 b)
pattemimtiagitheslstaydr said gate layer and said gate dielectric layer to 7

form a NMO§) gptediigciriaisiate ANMOSNMIO RGNV aMODS &ithn;
NMOS region and a PMOS gate dielectric layer, a PMOS gate and 9 PMOS

cap in said PNISBTEGi8rR 0 LS FS il RIVIESS S ERCb R RS S SHRaE 5t

said NMOS gate pagoiaiming pid RMQatspacersmp thepsideviats @bsaitimpurities
PMOS gate; 12 d). performing a NMQS S/D implant process to. form NMOS

S/D regions in 13YQIRSASSPEGIBHOTL Y SPiserEHIHY 25 RIEI 84 implant

to form PMOS S/Detpgiomsinsaid 15 PMOS region;
d) forming a cap layer over said gate layer;
e) patterning said cap layer, said gate layer and said gate dielectric layer to
NMOS gate dielectric layer, a NMOS gate and a NMOS cap in said
NMOS region and a PMOS gate dielectric layer, a PMOS gate and a
PMOS cap in said PMOS region;

(1) said NMOS gate dielectric layer, said NMOS gate and said NMOS
cap form a NMOS gate structure;

(2) said PMOS gate dielectric layer, a PMOS gate and a PMOS cap
form a PMOS gate structure;

f) forming a NMOS transistor having a fully silicided gate using said NMOS
gate structure and a PMOS transistor having a fully silicided gate using
said PMOS gate structure; whereby the fully silicided NMOS gate and
fully silicided PMOS gate have variable work functions.

2. The method of claim 1 wherein the pre-dope gate layer implant process comprises;
masking said gate layer in the PMOS region and implanting pre-gate
dopants into the gate layer in the NMOS region to form a NMOS gate region;

17
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16 f) removing said NMOS cap and said PMOS cap using an selective etch
17 process; 18 g) depositing a metal over said substrate surface and said
NMOS gate and 19 said PMOS gate; 20 h) annealing said metal layer to
form fully silicided NMOS gate and fully 21 silicided PMOS gate and; thereby
the fully silicided NMOS gate and 22 fully silicided PMOS gate have variable
work functions. 23 24 25 4. A method of fabrication of a variable work

function gates in &FUBIYRERIDEALSAYFISHPHE MBS serion angd) implidiipg pre-
230 as AR v i 2 MMeriedien N0 8 RMEISJ eginn I b3 fervirgismate

dielectric layer and a gate layer over said substrate; 18 1 c) performing a
pre-dope gate layer implant process to implant impurities 2 into the gate

Ryefd e NMQRRD RMERSURGINADIIRSTO gate 3 patterning, according to
Vt requirements; 4.d) forming a cap layer over said gate layer; 5 e)

patterning s&U CHPER LAY FR¥ a5 SAlF 8Y8 gate dielectric layer to 6
form a NMOB) gatecdighpcinic layera e N MQA S galeyead i M@RSseandielécsaidayer to
NMOS region andfa PMOS gate dielectric layer, a PMO(Saﬁate and 8 PMOS |
cap in said PMOS PEBam B pEHB s & s SO R RO e in
form NMOS SDE gegiond@s #:RaidNMOSIGY @ik i) prrfayeringra)dQ&e and
SDE implant to form PMOS SDE rei%i/(ljns in said 12 PMOS region;
PMOS cap in said PMOS region;
¢) forming NMOS spacers on the sidewalls of said NMOS gate and forming
PMOS spacers on the sidewalls of said PMOS gate;
d) performing a NMOS S/D implant process to form NMOS S/D regions in
said NMOS region;
e) performing a PMOS S/D implant to form PMOS S/D regions in said
PMOS region;
f)  removing said NMOS cap and said PMOS cap using an selective etch
process;
g) depositing a metal over said substrate surface and said NMOS gate and
said PMOS gate;
h) annealing said metal layer to form fully silicided NMOS gate and fully
silicided PMOS gate and; thereby the fully silicided NMOS gate and

fully silicided PMOS gate have variable work functions.

4. A method of fabrication of a variable work function gates in a FUSI device;
comprising the steps of :
a) providing a substrate having a NMOS region and a PMOS region;

b) forming a gate dielectric layer and a gate layer over said substrate;

18
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13 h) forming NMOS spacers on the sidewalls of said NMOS gate and

forming 14 PMOS spacers on the sidewalls of said PMOS gate; 15 i)

performing a NMOS S/D implant process to form NMOS S/D regions in 16

said NMOS region; 17 j) performing a PMOS S/D implant to form PMOS S/D
regions in said 18 PMOS region; 19 k) annealing said substrate to activate

the impurities in said substrate and in 20 NMOS and PMOS gates; 21 1) o
forming a NMIDS REFESH A5 Rivet 85 3RS ENDIABYRIACSTY 'S PMteR 1ppurities

silicon layer over saig (BMQR RARIBOIRO NSNS & s RS RRIHIPridBo gate
growth process; 24 m) removing said NMOS cap and said PMOS cap using
an selective etch PHHIE8saSEHI L SSHRYEEMERT over said substrate

surface and gaidmiMO S Gpterddtthvef SaidRiAgegate; 28 o) annealing said
metal layer to form fully silicided NMOS gate and fully 29 silicided PMOS
gate and raiSePATRRg RASY SrrFetfishedintyeidnd st £dfdislsBmiast to

S/D regions ; thergbythenivilySsiligided IRUv{ Sagaten Rrwkidlie siigiNgdos cap in
PMOS gate have varijable work functions. 3 4 5 5. The method of claim 4
wherein the pre-d8Hd FAORYEF AT prIQR SUEMISIREEC Iayragdind L fte and
gate layer in the PN region and Pmosnideppre-gate 7 dopants into the

gate layer in the NMOS region to form.a NMOS gate regi?n; 8.and maskin

g . .
said gate layBPHIHE I SS MG R RHARRTRY $fe L0 form NMOS SDE iegions in
said NMOS region;

g) performing a PMOS SDE implant to form PMOS SDE regions in said
PMOS region;

h) forming NMOS spacers on the sidewalls of said NMOS gate and forming
PMOS spacers on the sidewalls of said PMOS gate;

1) performing a NMOS S/D implant process to form NMOS S/D regions in
said NMOS region;

j)  performing a PMOS S/D implant to form PMOS S/D regions in said
PMOS region;

k) annealing said substrate to activate the impurities in said substrate and in
NMOS and PMOS gates;

1) forming a NMOS silicon layer over said NMOS S/D region and a PMOS
silicon layer over said PMOS S/D region using a selective epitaxial
growth process;

m) removing said NMOS cap and said PMOS cap using an selective etch
process;

n) depositing a metal over said substrate surface and said NMOS gate and
said PMOS gate;

o) annealing said metal layer to form fully silicided NMOS gate and fully
silicided PMOS gate and raised silicided NMOS S/D regions and raised

19
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9 gate dopants into the gate layer in the PMOS region to form a PMOS gate
region. 10 11 6. The method of claim 4 wherein the pre-dope gate layer
implant process comprises 12 impurities of a material selected from the
group consisting of P+, As+, B+, BF2+, N+, 13 Sb+, In+, C+, Si+, Ge+ and
Ar+; and combinations thereof. 14 7. The method of claim 4 wherein the
pre-dope gate Iaye.r.kiﬁrtggant process comprises 15 implanting an impurities

selected from the YHsifFeSALIQtny Breeionistherebp s, flly siligidgd NOS gate
C+, Si+, Ge+ and Ad-iaRdaRmRINRNDS thesealiatanbrplaMatiortase 17

between 5x1014/cm2 and 1x1016/cm2, at an implantation energy between 3
keV and 100 18 keV. 19 8. The method of claim 4 wherein the impurity
concentration in the gate layer is between 20 about 1E18 atoms/cm3 and
3E20 atoms/cm3. 21 9. The method of claim 1 wherein the pre-dope gate .

RyERS SR Slodawr ¢orhprria e Pirmt RS AU tER 8RR TS ASYRRYSES:
ions; the ions arediyridies $electREdromne Ptho Yiepid cansistipgdatiPe pre-gate
As+, B+, BF2+, N+, Sb+, In+, C+, Si+, Ge+ and Ar+; and_ 24 combinations

thef8B1 S5 M55 0 4R dAHEHHROTYHR FHRBISIPI NNAES S ifigaRt

process includes inplaatikig g2 dipuriliss i maisaldM S gatata asipishihie pre-

NMOS gate .Workgfunction. 28 11. The methaod of c;%aim 4 wherein the PMOS

IS (RP1AN: PrOdBE SIS IiMAMYNY B8 RdaraEE midKaRgeNEsE gate

to adjust the PMOS gate work function. 20 1 12. The method of claim 4

herein the meta] is made of a material selected from the group 2 consisting

g‘ "ﬁlfilel_{,Qe f&to - r4(‘f/ egeip the pre-dope gate layer implant process comprises
impurities of a material selected from the group consisting of P+, As+, B+, BF+, N+,
Sb+, In+, C+, Si+, Ge+ and Ar+; and combinations thereof.

7. The method of claim 4 wherein the pre-dope gate layer implant process comprises
implanting an impurities selected from the group consisting of P+, As+, B+, BF>+, N+,
Sb+, In+, C+, Si+, Ge+ and Ar+; and combinations thereof; at an implantation dose
between 5x10'*/cm? and 1x10'%cm?, at an implantation energy between 3 keV and 100
keV.

8. The method of claim 4 wherein the impurity concentration in the gate layer is between
about 1E18 atoms/cm’ and 3E20 atoms/cm’.

9. The method of claim 1 wherein the pre-dope gate layer implant process comprises
implanting impurities of two or more type ions; the ions are impurities selected from

the group consisting of P+, As+, B+, BF,+, N+, Sb+, In+, C+, Si+, Ge+ and Ar+; and

combinations thereof.

10. The method of claim 4 wherein the NMOS S/D implant process includes implanting
impurities into said NMOS gate to adjust the NMOS gate work function.

11. The method of claim 4 wherein the PMOS S/D implant process includes implanting
impurities into said PMOS gate to adjust the PMOS gate work function.
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5 13. A method of fabrication of a variable work function gates in a FUSI
device; 6 comprising the steps of : 7 a) providing a substrate having a NMOS
region and a PMOS region; 8 b) forming a gate dielectric layer and a gate
layer over said substrate; 9 c) performing a pre-dope gate layer implant
process to implant impurities 10 into the gate layer in the NMOS regions and
PMOS regions prior to 11 gate patterning according to Vt requirements; 12

(B theeimplinded ghim mubereindbremeal Aomadieod ot etrkistiredrirpm phe group

AstoRktstBET NYRSKiRUMNPEbr B, Ge+ and Ar+; and 14 combinations
thereof; 15 (2) the impurity concentration in said gate layer is between about

1E18 16 atoms/cm3 and 3E20 atoms/cm3; 17 d) forming a cap layer over
said gate layer; said cap layer is comprised of SiN 18 and has a thickness

between 300 and 800 angstroms; 19 e) patterning said cap layer, said gate
|5§/erAaHEf@8ﬁ‘jfgfafPé’HFé‘Fé‘&?rf€%;V/%‘il%Blezﬁqﬂ?ﬁﬁl%cﬂmﬂégeﬁé{b%faééﬁ&%%r, a

NMOggRiaamd MMOSF eap in 21 said NMOS region and a PMOS gate
dielectric layer, a PMQS gate and 22 PMOS caﬁ in said PMOS region; 23 f)

performing a*NNRESEI S PE R oY ERE NS & FORd R0
said NMOS ©g@iiidb g} aerdanmingay MRl 2 REdmpanvie imsthse;

SDE regions in said .26 PMOS region; 27 h) forming NMOS spacers on the |
sidewalls of §hid RAVIET& 558 B‘i‘?a“gﬂﬂﬁﬁﬂbe I9%ep NIB S PIREFS SR ypelant impurities

sidewalls of said RM&Begate;1ddel it prriomusy @ MMMOSEHNMIOPIapions prior to
process to form NMOS S/D regions i

gate patternin accorrc]ing to Vt requirements;
(1) the impurities are a material selected from the group consisting of
P+, As+, B+, BF+, N+, Sb+, In+, C+, Si+, Ge+ and Ar+; and

combinations thereof;

(2) the impurity concentration in said gate layer is between about 1E18

atoms/cm’ and 3E20 atoms/cm3;

d) forming a cap layer over said gate layer; said cap layer is comprised of SiN
and has a thickness between 300 and 800 angstroms;

e) patterning said cap layer, said gate layer and said gate dielectric layer to
form a NMOS gate dielectric layer, a NMOS gate and NMOS cap in
said NMOS region and a PMOS gate dielectric layer, a PMOS gate and
PMOS cap in said PMOS region;

f) performing a NMOS SDE implant process to form NMOS SDE regions in
said NMOS region;

g) performing a PMOS SDE implant to form PMOS SDE regions in said
PMOS region;

h) forming NMOS spacers on the sidewalls of said NMOS gate and forming

PMOS spacers on the sidewalls of said PMOS gate;
21
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2 said NMOS region; 3 j) performing a PMOS S/D implant to form PMOS S/D
regions in said 4 PMOS region; 5 6 k) annealing said substrate to activate

the impurities in said substrate and in 7 NMOS and PMOS gates; 8 1)

forming a NMOS silicon layer over said NMOS S/D region and a PMOS 9
silicon layer over said PMOS S/D region using a selective epitaxial 10

growth process; 11 m) removing said NMOS cap and said PMOS cap using .
an selective BRF N8 aNMSHY H’éﬁ&gﬂfﬁd’%’?ﬁ&aqooﬁ?é%hfgéb%ﬁ)af‘égmns n
surface and said NANO$\eE@p@dni4 said PMOS gate; 15 (1) the metal is
made of a material selected from the group consisting of 16 Ni, Pt, NiPt, = .
NiPd or Co; 17 o Ft@Atsg R WRebaP el o Fmiy RSP Kagiees in said
gate and fully 18 gigidsddzMS gate and raised silicided NMOS S/D regions
and raised 19 silicided PMOS S/D regions ; thereby the fully silicided NMOS
gate 20 and fully silicided PMOS gate have variable work functions. 21 22

23 14. The megthed0felaind tebshatain ihevaie tHopagriedayesdmplaitrate and in
process comprises_24 implanting impurities selected from the group

consisting of P+, AMUSAEEMON 22195 Sh+, In+, C+, Si+, Ge+ and Ar+;
and combingiignsringreoiVEb 8 RilnphRiRievdasal ROIEBVEZET iR A4EMOS
and 1x1016/cm2, at.an implantation enerqgy between 3 keV and %OO, 27 keV..
silicon layer over said PMOS S/D region using a selective epitaxial
growth process;
m) removing said NMOS cap and said PMOS cap using an selective etch
process;

n) depositing a metal over said substrate surface and said NMOS gate and

said PMOS gate;

(1) the metal is made of a material selected from the group consisting of
Ni, Pt, NiPt, NiPd or Co;

0) annealing said metal layer to form fully silicided NMOS gate and fully
silicided PMOS gate and raised silicided NMOS S/D regions and raised
silicided PMOS S/D regions ; thereby the fully silicided NMOS gate
and fully silicided PMOS gate have variable work functions.

14. The method of claim 13 wherein the pre-dope gate layer implant process comprises
implanting impurities selected from the group consisting of P+, As+, B+, BFo+, N+,
Sb+, In+, C+, Si+, Ge+ and Ar+; and combinations thereof; at an implantation dose
between 5x10'*/cm? and 1x10'%cm?, at an implantation energy between 3 keV and 100

keV.
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22 1 15. The method of claim 13 wherein the pre-dope gate layer implant
process comprises 2 implanting impurities of two or more type ions; the ions
are impurities selected from the 3 group consisting of P+, As+, B+, BF2+,
N+, Sb+, In+, C+, Si+, Ge+ and Ar+; and 4 combinations thereof. 5 16. The
method of claim 13 wherein the NMOS S/D implant process includes
implanting 6 impurities into said NMOS gate to ac::fust the NMOS gate

WorkRindndolsckaymrhbWhetgd R RISiHOASSRISRAYAT TP IBRI B8 S comprises

implaplRfRGesspnGiudes thplantinge & P Rilities assaidiRME8gatgcted from the
adjust the PMOS gate work function. 10 11 12 18. A method of fabrication of

av&‘i‘?&Bl&%ﬂ?‘P&rﬂﬁugﬁ g%.iéslfﬁ“a%’sﬂ\&’é»\ﬁé’é I Gotnprisirdethang e gnd
14 apadiig asylstrate having a NMOS region and a PMOS region; 15
ns that separate said NMOS 16

said substrate having_ isolation re
O AP ol CAVGSS, FAORICrY hy M G Er ek ot s rghating

layeh el Gaisk S vHStraeICSightd SodatR daye KMy isad abMiRS gate
regions and PMOS gate regions; 19 20 c) performing a pre-dope gate layer

implant process to implant impurities 21 into the gate layer in the NMOS gate
iegivRS1mebe w@ﬁﬁm@ R@B&)ﬁ% tBe PN gatenpatie ing Rceerdieg taplinting

requirements; 23 ( re-dope gate layer im Iant comprises;

magﬂﬂl@lgsﬁdn%@'ﬁl ﬁ?&%t@rﬁ ¥8 S %‘r’sﬁﬁ‘i’ﬂ Brgate

dopants into 25 the gate layer in the NMOS reglon to form a NMOS gate

region;

18. A method of fabrication of a variable work function gates in a FUSI device;
comprising the steps of :

a) providing a substrate having a NMOS region and a PMOS region;

(1) said substrate having isolation regions that separate said NMOS

region and said PMOS region;

b) forming a gate dielectric layer and a gate layer over said substrate; said

gate layer comprised of NMOS gate regions and PMOS gate regions;

c¢) performing a pre-dope gate layer implant process to implant impurities
into the gate layer in the NMOS gate regions and PMOS gate regions

prior to gate patterning according to Vt requirements;

(1) the pre-dope gate layer implant process comprises; masking said
gate layer in the PMOS region and implanting pre-gate dopants into
the gate layer in the NMOS region to form a NMOS gate region;

and masking said gate layer in the NMOS region and implanting
pre-gate dopants into the gate layer in the PMOS region to form a

PMOS gate region;
23
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26 and masking said gate layer in the NMOS region and implanting 27
pre-gate dopants into the gate layer in the PMOS region to form a 28 PMOS
gate region; 23 1 (2) the pre-dope polysilicon implant process comprises
implanting an 2 impurities selected from the group consisting of P+, As+, B+,
BF2+, 3 N+, Sb+, In+, C+, Si+, Ge+ and Ar+; and combinations thereof; at 4
an implantation dose between 5x1014/cm2 and 1x1016/cm2, at an 5

implantation ene%wa%ﬂﬁégﬁp\? ReV silieradoREt @?ﬁ?%&oﬁ?ﬁ{mﬂﬂmplaming an
concentration in the saishegte RY&iia heiwernabatohsl&k atoms/am3 BAdBF,+,

3E20 atoms/cm3; 8 9 d) forming a cap. layer over said gate layer; said ca

T, S¢ p
layer is comprised ofSINSO0 YHd has i thidkheld petyand swebiniigapthereof; at

angstroms; 11 e) patigrinpiasaidaaiolayeswaif sate'favar and saiol gate®, at an
dielectric layer to 12 form a NMOS gate dielectric layer, a NMOS gate and

NMOS cap in 13 said  \AABfaIRfaTaN sl BiO S ¥ e d Rl tMayer, a

PMOS gate and 14 PMOS cap in said PMOS region; 15 f) performing a

NMOS SDE imp@'}"ﬂ%@&%ﬁ%i&? SORE MG Pl REHONSA T yES RAUSMMPHout
region; 17 (1) the NMOS SDE implggqt)ﬁ)rocess compriges forming a NMOS

SDE 18 mask over &SPt/ sayistate? thitaitg N type impurity ions
19 into said substrate in said NMOS region and said NMOS gate; and 20

removing said NMOS SDE mask; 21 (2) the NMOS SDE implant process is
performed withfProingsionslayer @2 desd preves, SaiDday dayrandomprised of SiN

3x1015/cm2 and %ﬁ(?ﬂgerXIlqglEWées?%etween 300 and 800 angstroms;

e) patterning said cap layer, said gate layer and said gate dielectric layer to
form a NMOS gate dielectric layer, a NMOS gate and NMOS cap in
said NMOS region and a PMOS gate dielectric layer, a PMOS gate and
PMOS cap in said PMOS region;

f) performing a NMOS SDE implant process to form NMOS SDE regions in
said NMOS region;

(1) the NMOS SDE implant process comprises forming a NMOS SDE
mask over said PMOS region and implanting N type impurity ions
into said substrate in said NMOS region and said NMOS gate; and
removing said NMOS SDE mask;

(2) the NMOS SDE implant process is performed with P or As ions at a
dose between 5x10'*/cm?” and 3x10"*/cm” and an energy between

0.5keV and 15 keV;

g) performing a PMOS SDE implant to form PMOS SDE regions in said
PMOS region;
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23 0.5 keV and 15 keV; 24 25 g) performing a PMOS SDE implant to form
PMOS SDE regions in said 26 PMOS region; 24 1 (1) the PMOS SDE

implant process comprises forming a PMOS SDE 2 mask over said NMOS
region and implanting P type impurity ions 3 into said substrate in said

PMOS region and said PMOS gate; and 4 removing said PMOS SDE mask;

5 (2) the PMOS SDE implant process is performed with B or BF2 ions at a 6
dose between 5%10MEEMORPEABRBRIREOSTT SHUHEGY taingehtMES SDE

keV and 10 keV; 8 Gifakkosmingh MO SRAERSS M heptidawabs aisaithurity ions
NMOS gate and forming 10 PMOS spacers on the sidewalls of said PMOS

gate: 11 (1) said NMBE SRS UAL Ehidip IS S reiers duhiplisegP ate; and

silicon 12 oxide or sjligen mgy/nitidevmSidise ansk with a thickness between
13 300 and 800 A; 14 i) performing a NMOS S/D implant process to form

NMOS S/D regions in 15 said NMOS region; 16 (1) the NMOS S/D implant
process compris® tBFRMPR RINIOIS Bl PresRssk BEPEaRe PHIDE pedibnions at a

and implanting N typgofapeitédans 158 e said supstaiginmeid between
region and said NMOS gate; and 19 removing said NMOS S/D mask; 20 (2)

the NMOS S/D impldht 5foté8€ iitkfdes implanting impurities into 21 said
NMOS gate to adjust the NMOS gate workfunction;

h) forming NMOS spacers on the sidewalls of said NMOS gate and forming
PMOS spacers on the sidewalls of said PMOS gate;

(1) said NMOS spacers and said PMOS spacers comprised of silicon
oxide or silicon oxynitride or nitride and with a thickness between

300 and 800 A;

i) performing a NMOS S/D implant process to form NMOS S/D regions in
said NMOS region;

(1) the NMOS S/D implant process comprises forming a NMOS S/D
mask over said PMOS region and implanting N type impurity ions
into said substrate in said NMOS region and said NMOS gate; and
removing said NMOS S/D mask;

(2) the NMOS S/D implant process includes implanting impurities into
said NMOS gate to adjust the NMOS gate workfunction;

j)  performing a PMOS S/D implant to form PMOS S/D regions in said
PMOS region;

(1) the PMOS S/D implant process comprises forming a PMOS S/D

mask over said NMOS region and implanting P type impurity ions
25
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22 23]) performing a PMOS S/D implant to form PMOS S/D regions in said

24 PMOS region; 25 (1) the PMOS S/D implant process comprises forming a
PMOS S/D 26 mask over said NMOS region and implanting P type impurity

ions 25 1 into said substrate in said PMOS region and said PMOS gate; and
2 removing said PMOS S/D mask; 3 4 (2) the PMOS S/D implant process

includes implanting impurities into 5 said PMOS gate to adjust the PMOS
gate work function; 6™ 84 sEAImG said BYHst8ins adhdapidAdMOS gate: and

impurities in said substfaiganchin FRIYYQHanskMOS gates; 10 1) forming
a NMOS silicon layer over said NMOS S/D region and a PMOS 11 silicon

layer over said PMOS S/D region using a selective epitaxial 12 growth
process; 13 (1) NMOS silicon layer and a PMOS silicon layer have a

thickness 14 beiwerNEBAE@SS A9 iHPrahP FOCERMAYIRGIHAMNMIRS LAPURRES into

said PMOS cap using an selective etch 16 process; 17 n) depositing a metal
over said substrate stitfhdadViAd SHRIRMOS s NS eateziabiosignte;

19 (1) the metal is made of a material selected from the group consisting of
20 Ni, Pt, NiPt, NiPd or Co;

k) annealing said substrate to activate the impurities in said substrate and in
NMOS and PMOS gates;

1) forming a NMOS silicon layer over said NMOS S/D region and a PMOS
silicon layer over said PMOS S/D region using a selective epitaxial

growth process;

(1) NMOS silicon layer and a PMOS silicon layer have a thickness

between 30 and 60 nm;

m) removing said NMOS cap and said PMOS cap using an selective etch
process;
n) depositing a metal over said substrate surface and said NMOS gate and

said PMOS gate;

(1) the metal is made of a material selected from the group consisting of
Ni, Pt, NiPt, NiPd or Co;
0) annealing said metal layer to form fully silicided NMOS gate and fully
silicided PMOS gate and raised silicided NMOS S/D regions and raised
silicided PMOS S/D regions ; thereby the fully silicided NMOS gate

and fully silicided PMOS gate have variable work functions.

19. The method of claim 18 the pre-dope gate layer implant process comprises implanting

impurities of two or more type ions; the ions are impurities selected from the group
26



21 o) annealing said metal layer to form fully silicided NMOS gate and fully
22 silicided PMOS gate and raised silicided NMOS S/D regions and raised
23 silicided PMOS S/D regions ; thereby the fully silicided NMOS gate 24
and fully silicided PMOS gate have variable work functions. 25 26 19. The
method of claim 18 the pre-dope gate layer implant process comprises
implanting 27 impurities of two or more type ions; the ions are impurities

seleeiiisRiHe g bt B BEatsitingdr B As+ St EHAnNY+5AMd |0+
C+eSitbitagsmnehérest.and 2 combinations thereof. 3 27
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