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1 4 A METHOD TO FABRI CATE VARI ABLE WORK FUNCTI ON GATES
6FOR FUSI DEVI CES 7 9Background of Invention 101 Field
of the Invention liThis invention relates generally to
the fabrication of sem conductor 12devi ces and
particularly to the fabrication of variable work
function gates for fully silicided 13(FUSE devi ces.
152) Description of the Prior Art 16 17in order to
cater to different product applications, ultra large
scale 18integrated (LIST) circuits generally include a
mul titude of transistors with different 19threshol d
voltage. Wt values. This is true even for the sane
polarity devices, for e.g., for 20 NMOSFETs, there is
a need to fabricate high Vt, low Vt, and regular MW
devi ces on the 2lsane platform Typically, the
threshol d vol tages are tuned using VWt adj ustnent

i mpl ants 22into the channel. However, excessive

Channeb Ao 16 PARIERUPES ARTAF'E WARK ENUFIOR GATES

73inpurity scattering. evan
devel opments in the p@EEREFUIEIBEIMIOES can be gl eaned

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. Ly, 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-
|
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25by considering the followng, 26 27i. H Sim H C
Wen, J. P. La, and D. L. Kwong, Dual Wrk Function 28
Metal Gates Using Full N ckel Silieidation of Doped
Pol y-Si, | EEE ELECTRON 29 DEVI CE LETTERS . VO, 24, NO
10, OCTOBER 2003 63h 1Lahir S. Adam Chri st opher
Bowen, and Mark E. Law, On Inplant- 2 Based Miltiple
Gate Oxide Schemes for Systemon-Chip Integration,

| EEE 3 TRANSACTI ONS ON ELECTRON DEVI CES, VOL. 50, NO.
3, MARCH 2003 589 4 600, 5US 6,589, 866 Be, sser, et al.
July 8, 200gate with PVD anorphous silicon | ayer

havi ng i npl ant ed dopants for CMOS devi ces and net hod

of 7 making wth l ace : lant-
Pat ent 6. 555, JAET S *ﬂ&‘fea%ng‘?“sg‘i'f’ﬂ% W&E’; RIREREE 14 B3n Implant
- FRdskyMupitipleatatOokilié Sihemesdorysgart an-Ghip fntegnesion.gHEE

TR Re T FLECRR BRI cAERY F T 0, FARARG Fpg0dseo -

4 W gdo, adj ust ed work function. 12US Patent Application

520020008257 - RNAKes £ Bloser! @AYy £9003° Wratlgdeehen PVD

O o 3 N
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amorphous silicon layer having implanted dopants for CMOS devices and method of
making with a replacement gate process.

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

US Patent Application 20040106261 A1 Huotari, etal. - Method of
forming an electrode with adjusted work function.

US Patent Application 20020008257 - RNAK, et al. January 24,2002



15 Summary of the Invention The.
exanpl e enbodi nents of the present invention provide a
structure and a nmethod of fabrication of a variable
work function gates in a FlI181 device. 8 9An exanple
enbodi nent for a nmethod of fabrication of a variable
wor k 10function gates in a FUS1 device conprising the
steps of : a) providing a substrate having a NMOS
region and a PMOS region; 1210 forming a gate
dielectric layer and a gate |ayer over the substrate;
13c) perform ng a pre-dope polysilieon inplant process

1 by inmplanting 14inpunities into the gate | ayer gate
prior to gate patterning according to 15Vt
requirenents; 16d) formng a cap |ayer over the gate

3 layer; 7e) patterning the cap |ayer, the gate | ayer
and the gate dielectric layer to forma NMOS gate

4 dielectric | ayer, a NI\/[B gate and NMOS cap iln t he
19NMOS region and a j ctric layer, a

; PM3S gat egand 20PMOS cap ?ﬁ eellg%{()?egl on; 210

6 performing a NwmarmEemhqﬂuamts tbEesnttiovehbomprihibS: ﬁﬁ)Eture

7" gﬁfd PRS2 NG N@§%@heo\pork AncR&T 4&%@% Neug RVES S

inmplant to formP Ions In

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 ¢) 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 NMOS region;

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

24 PMOS region;

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

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



24PMOS region; 2.5h) formng NMOS spacers on the
sidewal I's of the NMOS gate and form ng 26PMOS spacers
on the sidewalls of the PMOS gate; nii) performng a
NMOS S/ D i nplant process to form NMOS SID regions in
28t he NMOS region; performng a PMOS SID inplant to
formPMOS S/D regions in the 2PMOS regi on: 3k)
anneal ing the substrate to activate the inpurities in
the substrate; 1) formng a NNMOS silicon |ayer over
the NMOS S/ D region and a PMOS 5silicon |ayer over the
PMOS S/ D region using a selective epitaxial 6gowh
process; iln) removing the NMOS cap and the NAGS cap
using a se ec hi i )
lretar over Jf nett B rdes e i RRRB aePer e
2t he 10PMOS gat EMOB]regloranneal ing the netal layer to

formfully, sili f,

e RN s R s

4rai sed 13sHjfetmiegla NMUBS Slidondaygr mstheNM@?%/Wezlﬂeanﬁ@IHMOS
sil'icided NNDSSl ca t flgv%gth%llul\/{ds §/'d Heéibrg&glg al\égﬁctgf@%ﬁtamal

5have vari abl e

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 o) annealing the metal layer to form fully silicided NMOS gate and fully
12 silicided PMOS gate and raised silicided NMOS S/D regions and raised
13 silicided PMOS S/D regions ; thereby the fully silicided NMOS gate
14 and fully silicided PMOS gate have variable work functions.
15
16
17 Other example embodiments are shown in the detailed description and

18  in the claims as filed and amended.

19 The above and below advantages and features are of representative

20  embodiments only, and are not exhaustive and/or exclusive. They are presented only to

21  assist in understanding the invention. It should be understood that they are not

22 representative of all the inventions defined by the claims, to be considered limitations on
23 the invention as defined by the claims, or limitations on equivalents to the claims. For

24  instance, some of these advantages may be mutually contradictory, in that they cannot be
25  simultaneously present in a single embodiment. Similarly, some advantages are applicable
26  to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
27  the claimed invention have not been discussed herein. However, no inference should be
28  drawn regarding those discussed herein relative to those not discussed herein other than for

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

4
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15 16 17Ct her exanpl e enbodi nents are shown in the
detail ed description and 18in the clains as filed and
anended. 19The above and bel ow advant ages and features
are of representative 20 enbodi nents only, and are not
exhaustive and/or exclusive. They are presented only
to 2lassist in understat ding the invention. It should
be understood that they are not 22representadve of al
the inventions defined by the clains, to be considered
limtations on 23the invention as defined by the
clains, or limtations on equivalents to the cl ai ns.
Fatouthionsd i ' i &
e O e R PR} AAER TR features and
288 12REY 2A B s leytiqar el datonierrpparsit irgthe fodlobod idaeeription, from the
Supifs | Md FSRNE: adyant ages are applicable 26to one
aspect of the invention, and inapplicable to others.
Furthernore, certain aspects of 27the cl ai ned

i nvention have not been di scussed herein. However, no
i nference shoul d be 28drawn regardi ng those di scussed
herein relative to those not discussed herein other
than for 29purposes of space and reducing repetition.
Thus, this summary of features and advantages 1shoul d
not he considered dl spositivL. in deexm ni rig
equi vai ence. Additional features and advantages of the
invention will becone apparent in the follow ng
description, fromthe drawings, and fromthe clains, 4



2Brief Description of the Draw ngs 3The features and
advant ages of a sem conductor device according to the
4present invention and further details of a process of
fabricating such a sem conductor 5device in accordance
with the present invention will be nore clearly
understood fromthe 6foll ow ng description taken in
conjunction with the acconpanying draw ngs in which
i ke 7reference nunerals designate simlar or
correspondi ng el enents, regions and portions and 8in
which: 9Figures 1A 18, IC ID, 2 through 8 are cross
sectional views for 10illustrating a nmethod of
fabrication of a variable work function gates in a

1 FUS1 devi ce llaccording to an exanpl e enbodi nent of

2t he present inventi Brief édcriftion of Biet Pudeving®escri pti on of

t he Exanpl e Errlg‘? i ments. 5 Enbodi IPJ{(FQ [.8SEMkine to the
3invention can ?‘?‘?f"ﬁ%tagd ?%31“9 eggf%%]%g?oﬂ 6:0 y?\gé:g] etl o
4 angre@Xkciasakive aifaning et Bl agrobes of fabksting wclvotemagpaductor
ad) ust ment forming 8 evi ces usi fﬁ{dg?og "
N N
69i folbAiHgide@riptiinttakeh én cbajpantion with tiesiorepinyios dawingointvthech like
7 pol‘e¥e_resr{ce grgleerg’ls Qésgg%gtetsi?niltap St cErLrJeSs]ponding elements, regions and portions and
8  in which:
9 Figures 1A, 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.

12
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10process. This invention is not linmted to only N Si
metal gates and is applicable to any 1llmetal-silicide
system 12EXAMPLE EMBODI MENT 13An exanpl e enbodi ment
of the present invention will be described in l4detail
with reference to the acconpanying draw ngs. The
present invention provides a 15method of fabrication

of a variable work function gates in a H ST devi ce.
16A. provide a substrate having a NMOS region and a
PMOS region 17 18Referring to figure |A, we provide a
substrate 10 having a NMOS 19 region 12 and a PM3S
region 14. The NMOS region is where NMOS type device
can be 20 formed. The PMOS region is where PMOS type
devi ces can be forned. 21The substrate 10 preferably
has isolation regions 20 that can separate the N O gum
12 and the PMOS regi on 14. 23The substrate 10 can be
conpoi sed of BetaisdsPescriptinn ofith¢ BxamplaEebodimeatssi | i con
on insulator substrate (SOP, strained silicon or SiGe
(silicon-germanium. 25S. formng a gate dielectric

| ayer and a gﬁmboclnasfé& of 2 prqmmvem/eorf@nmnamgatﬂe problem of
d'p@lly%ﬁl&ll&l ajna)é%ess%;le c‘rﬁ%e 0??1%?01]1 ﬁlroldaﬁ) t p% ady rg?f}benyl{y fPrmmg

rised pol y crysta
t I‘:(M %ﬂ%’tqemlfeng 4% legaten yéh V@Bibbawﬂaflmgtlons Thls can be achieved by

implanting suitable dopants at desired dose into the poly-Si gates prior to the FUSI
process. This invention 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



. 3be made of poly crystalline silicon-germani um

(poly-Si Ge). 4The gate |ayer 25 preferably has a

t hi ckness between 50 and 80 nrn. 5 6C. performa
pre-dope gate (polysilicon) (gate Vt adjustment)

i npl ant 7process into the NMOS gate region 8 9In this
step, we performa (polysilicon) gate |ayer pre-dope
(gate Vt 10adjust) inplant process in both the NtvlCS
and PivlOS gate regions to inplant inpurities 1lsuch

as P+, As+, B+, BF2+, N+, Sb+, In+, C+, Si+, Ge+ or

Ar+ into the gate layer 25 prior 12to gate patterning,
zilcécordl ng ]Eo Vt requirenents. 13 14Referring to figure

, we perfor M;@m I

1i npl ant pr ocesﬁ&&y I nt %agégtdgﬂ ‘T%g%gf&%gﬁ%"g atggdfé ?niyﬁ]h%gégreferably
2 gat@nprieg] dipoR3rystallineesilimiBoly <) aer the 3ubstraie7 THge lpgsg> can also
ga - 2Tl g : ably conpri ses
3 R B B e R over  he PO
4region 14 and Theph@myerdd nyeferably darophisknesgiegvepy 5 prdg0 nm.
sthe gate layer 25 in the NALIOS region 12. 20 W

renove the NMOS gate pre-dope mask 16. 210, perform ng

638 Bl b RIS o3 i h bfBbA ) impln

7 process into the NMIOS gate region
8
9 In this step, we perform a (polysilicon) gate layer pre-dope (gate Vit

10 adjust) implant process in both the NMOS and PMOS gate regions to implant impurities
11 such as P+, As+, B+, BEy+, 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
19  dopant ions 27 into the gate layer 25 in the NMOS region 12.

20 Weremove 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 Referring to figure 1C, we perform a PMOS gate pre-dope gate layer

24 implant process 29 into gate layer 25 to form PMOS gate region 17 in the PMOS region
25 14
26 The PMOS gate pre-dope gate layer implant process 29 preferably
27  comprises forming a PMOS gate pre-dope mask 18 over the NMOS region 12 and
28  implanting gate dopant ions 29 into the gate layer 25 in the PMOS region 14.

8
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23Referring to figure IC, we performa PMOS gate
pre-dope gate layer 24 inplant process 29 into gate
| ayer 25 to form PMOS gate region 17 in the PMOS
region 2514. 26The PMOS gate pre-dope gate |ayer

i npl ant process 29 preferably 27 conprises funning a
PMOS gate pre-dope mask IL 8 over the NMOS region 12
and 28i npl anti ng gate dopant ions 29 into the gate
layer 25 in the PMOS region 14. W renove the PMOS
gate pm dope nmask 18. 2 3For e gate dopant ion

i npl antation process, the inplantation dose for the

| U o€ euamq:gﬁténgg.gg GOAS 19§ Sxlelen? and 1

x1016/cru I'on energi es of Sbetween 3
key and 100 keV, The resultlng |npur|ty concentration

the ran
atot i sient 3 AndsEdut B aRE G Ehraceia e mepyon dose for
c dhedopanties itio t}m.‘ralngea)f éx 1(111 écn’n"tan& Ucloam” ReitSikdkdtiotNnergies of
S R Sl g A e
t Weetrangs of dEb@ atlompdcmﬁhmmmmamﬂsrmﬁgat e layer 25. The
advantage 1lis that sometines there may not exist a
single type of dopant that can nodify the gate work

[ 2f u n ct i on t oWeeeit int:]lil&e M-ddpafdlid esRkkshe HeaeRas 1Y AR+,

of d rent do into 13the gate, we
can a| b gﬂﬁ Efﬁ%rtArd'n %@a‘@%‘ﬁ F {p 2@y feabination of the

d |1rh1’nernyer;te01eknltsaaalta50\€baﬁaths’:\me>e implanted into the gate layer 25. The advantage
is that sometimes there may not exist a single type of dopant that can modify the gate 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 is 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

9



l4di fferent effects on the work function. Another
advantage is that we can neke use of the 15different
ions for stress engineering in the gate.. D fferent
anmount of stress in the gate can 16result in different
Vt of the devices. 7 18This ion inplantation process
is the main doping of the poly-Si for Wt 15setting,
Preferably the source/drain extension (SDE) ion

i npl antation does not dope the 20poly-Si because there
will be a nitride cap |ayer over the poly-Si. 21
forma cap | ayer over the gate | ayer Next, we forma
cap |l ayer over 73the gate |layer 25, The cap layer is

pr rably co ' of N L.hi ¢
B LT T
2 | ayeeind PVI@S gl 3 it aly @M Gihdgibhéd.gat e di el ectric |ayer

As shown in figure ID, we pattern the cap |ayer, the

| ern the
s Por m a SRS BN SREMPATOESY | © DS gat e 26

gand 1 NMOS capfcahg o fighe 2NV Berfoag b OMALscarvd/deaiPi{ision

PSS S 0 e PR RSB

6 1 npl ant  pr ocesge AREOSSDE M@plast phdced BE pidferably dqoepfices forening a

NMOS source/ drain extension .5 (SDE) inplapt pr.ocess.35
7 ¢ NPT R 8 Sl BHOSJ68iPh G TRREEPF BT Eg 3 1008 33
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 layer.
12 The NMOS SDE implant is performed with P or As ions at a dose

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

14 H. perform a PMOS SDE implant

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

17 The 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 the PMOS cap 32.

20 The PMOS SDE implant is performed with B or BF; ions at a dose

21  between 5x10"/cm?® and 3x10"%/cm?® and an energy between 0.2 keV and 10 keV.

22 We remove the PMOS SDE mask 37.

23 1. form NMOS spacers and PMOS spacers

24 Referring to figure 4, we form NMOS spacers 42 on the sidewalls of the

25  NMOS gate 26 and forming PMOS spacers 44 on the sidewalls of the PMOS gate 28.

10
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6The NMOS SDE i npl ant process 35 preferably conprises
formng a NMOS SDE mask 34 over the PMOS region 14 and
implanting N type inmpurity ions 35 8into the substrate
10 in the NMOS region 12 and the NMOS cap 30. 9We
renove the NMOS SDE mask 34. 10Preferably the MVOS SUE
ion inplantation does not dope the poly gate 11l ayer.
12The NMOS SDE inplant is performed with P or As ions
at a dose 13 between x1014/cnR and 3x105/em and an
energy between 0.5 keV and 15 keV. 14H performa PMOS
VEE i npl ant 15Referring to Figure 3, we performa PMOS

SDE i npl ant  3fetaviHkmed8 4P MBnSPRJ L&ﬁ%?ﬁ:f&lrﬁb&%p&npﬁsed
PMOS region 14. 17The P. MOS SDE 1 npl ant process

c 6hyitigos @gide or reilivgn ex RIS @Diridgandesiferatily ofaxidetwith aNbickess

r e6H:R% 38 AdGoh APl anting P type inpurity ions 39 into
the 19substrate 10 in the PMOS regi on 14 and the PMOS

cap 32. 20The PMOS SDE inBLjant is performed with B or
BF2 i ohs atPeslaits 8 MYOB/ Hdew/ad FIoFesA and 3x1015/ cnp

and an ener gy, et n (12 ke . keV. 22\ renpve

the PMOS SDE mask eﬁg’}y é%?[’“n PE@%B%&&I@E% RPEES A odRsEMOS

sparegeon24RefilerNMO§ reghorf igure 4, we form NMOS spacers

42 on the si I th 5 NMOS gat.e 26 and '

PMOS spacer sdflhﬂ%% (I%;eD g?pj%r&/gmcgsso g’{pﬂ%es %%Wt% adélﬁ@g;glg mask
46 over the PMOS region 14 and implanting N type 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 VI could dope the poly gate layer. Depending on the
thickness of the nitride cap over the poly and the energy of the S/D VI, the PMOS S/D I/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



The NMOS spacers 42 and the PMOS spacers 44 preferably
conpri sed 2of silicon oxide or silicon oxyaitride of
nitride and preferably of oxide with a thickness 3

bet ween 300 and 800 A. 4J.performa ; MOS SID inpl ant
process 5W preferably performa NMOS S/ D i npl ant
process 47 to form NMOS 6 STD regions 48 in the NMOS
region 12. The NMOS Sit) inplant process conprises
formng a NL*vi 10S Sin mask 846 over the PMOS region
14 and inplanting N type inpurity ions 47 into the
substrate 10 9 in the NMOS region 12 and the NMOS gate
26. i 0 11The NMOS S/ID inplant is perforned with P or

1S 1018 B o TR M IR B A TR B iops ayadgse

2 13wdee TRUE/drlfe aiMRB0'6AR" madin eﬁ&gy ﬂtetKeen;?el(eNmndQ@l ke\a

PMOS SI D |np Lgure
3pnt St 91 D | mPantD Ehecbly B et tegefS 1B Bon i Tof ana
4 i Naffebeth®WVER fliegbo Andket thé ddsired PodOFurSiéh orr¥pl ant pr ocess
551 preferably conprises formng a 19 PMOS SI D mask 49
over the NM3S region 12 and inplanting P type inpurity
ions 51 into 2.0 the substrate 10 in the PMOS regi on
614 and L laentidDRy the: sulttrate tactivate, thegmpweitipsinsthe substrate

7 and in NMOS and PMOS gates
8
9 Next, we anneal the substrate to activate the impurities in the substrate

10 such as the S/D regions, and the NMOS and PMOS gates. Preferably we use an RTA
11  process with a temperature between 1000 and 1300 C for a time between 500 microsec

12  and 5 sec.

13

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

16 Referring to figure 6, we form a NMOS silicon 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
18  selective epitaxial growth (SEG) process.

19

20 The NMOS silicon layer 54 and a PMOS 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 using a selective
23 etch process.

24 The silicon layers 54 and 58 are formed to a thickness to prevent

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



21SID mask 49, 8+ or filF2 + is inplanted into the

PMOS gate, As4 or P+ is inplanted 23 into the NMOS

24The PMOS SID 1/1 coul d dope the poly gate | ayer.

Dependi ng on the 25t hi ckness of the nitride cap over

the poly and the energy of the SID VI, the PMOS SID

I/ T 26may dope the poly gate | ayer. However, the

dopi ng of the gate by the SID,11,i is preferably

27not the main doping for Vt nodul ation, The PMOS SAD

inmplant is performed with B or BF2 ions at a dose

bet ween | x1015/cn2 and | x1016/cn2 and an egeLgy i

b T 5. D, Pl .C e used i
| orliRShetonk ey At Ay BRI E YR e M
2 wiellovwed hye the depositidn giehort Inetatl @sace dritivdrelgate o fokih @ thicker Micide at

5 1.1Q: e substrate to activate the
3 irtrl%tfgra%e?ﬁggglh%ﬂ%o‘e]'substrate 7and in NMOS and MOOS

4 gates 8 9Next, we anneal the substrate to activate the
inmpurities in the substrate 10 such as the SID

regi ong, an % PMOS gates. Preferably we
> i ?’B&%e S VVI&?

use an RTA I['proc a tenperature bet ween 1000
6 and 1300 C f ks suotvh iFEfidied eRnehRA a8 60$EE, b2andiyoNi, pr,

7 S ‘RI?Pt, NiPd or Co, or combinations thereof ) over the substrate surface and the NMOS gate
8 26 and the PMOS gate 28.
9
10 We deposit a metal, 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 hi gher
13 thermal stability than pure nickel silicides. Hence, there is less agglomeration and less
14 undesired growth/formation of NiSi on regions where there should not have any silicide.
15 The 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 thickness of Ni 62 to provide sufficient amount of Ni to ensure
18  fully silicidation is 38 nm.

19 0. annealing the metal layer to form fully silicided NMOS gate and

20 fully silicided PMOS gate and raised silicided NMOS S/D regions
21 and raised silicided PMOS S/D regions

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 silicon layer 58 are consumed.
13



2

4

6

8

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

4M forma NMOS silicon |layer and a PMOS silicon |ayer
using a 15sel ective epitaxial growh (SW process
16Referring to figure 6, we forma NMOS silicon |ayer
54 over the 17 NMOS S/ D region 48 and a PMOS silicon

| ayer 58 over the f!MOS SID region 50 using a

8sel ective epitaxial gromh (SEG process. '9 20The
NIVICS silicon |ayer 54 and a PMOS silicon | ayer 58
preferably 21 have a thickness between 30 and 60 nm
22\ renove the NNIOS cap 30 and the PMOS cap 32 using
a selective 23etch process. 24The silicon layers 54
and 58 are forned to a thickness to prevent

25exceSS|ve anmpunt s __of e an D

It egi ons from betii 6@6’%%;%[8%8\5{"&%6 2 gg%egea} bétmeeg EO0UESS E6E

suFMhﬁg processes to formthe conpletely fully

silicide gate n..of a

3CRUS) and. t naeranralbAR B AL S G LSRG 7

Th &fe)ra‘bl;&&dt\ﬁ flﬁdkﬂéﬂrs] bétrednhss a0 NOEMHI onal vvay of form ng

gates t he gates d the SID 12

ar e forned seg[g et 31 ueg:ag%q eta]tq?fé “CEPHCEPYS tﬁ?‘(ﬁmeac ed metal

fjh €25/ ?i ¥ OH ?ﬂﬁ)ubﬁal E@écﬁledmf:thlrﬁdh préksl 1t vederbyly & lvet etch.
eposition o ta t with

7forma thi ckerﬂg‘ﬁrﬁ:}fgggat&gtw g‘k‘ﬁ'& apey fk"fcbf”fs o Tofindd *This in turn

Si kdrik Balsis@my witlfidifferent threshold voltages.

P. Non-limiting features of the example embodiment

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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N. depositing a nmetal As shown in figure 7, we deposit
a netal 62 (e.qg., essentially. N, Pt, 7NNPt, N Pd or
Co, or conbinations thereof ) over the substrate
surface and the NMOS gate 8 26 and the PMOS gate 28. 9
10We deposit a netal, such as essentially N, Pt,
Ni Pt, NiPd or Co and linost preferably Ni. The
advant ages of using an alloy of Ni such as N Pt or
Ni Pd as an 12alternative netal are that the siiicides
formed fromthese alloys with silicon have higher
13thermal stability than pure nickel silieides. Hence,
there is |l ess aggloneration and | ess l1l4undesired
growm h/formation of NISI on regions where there should
not have any si l'icide. 15The theor eti cal rati o of the
amount of N| {S é%
1:1.84:2.22 en(’eb"f’(ﬁ%fn ﬁ@é “i“‘ePﬁ“%“ Cin Be oy Efml\g’“?%‘?“ phge
FUSbwiifig fatdfes:E3113 poI y- 17Si gate 26 and 28,
threshol d thi knes ‘?ﬂ 0 g;z ffi cl ent
anount of Ni Hfssﬁf’)‘é“vleﬁ xI‘%t]/ BoMt l?egE Pfs%r?"fﬂg S ufgp/drain
198)’D)aagﬁtelaltdmgntdmd8m afuclu&yer to formfully shiel ded
Al M5 gate and (Q%fulbg Sili gﬁ ate
shi el ded | VI VPC3°§" 4“@5% 3 3:“§ N?gfcb({?d# ﬁm@ﬁd@d
S,(FIB I @@bsO M8e dRARagh OMFUSINndlh@Uugatde ga\fﬁw@ﬁ m@RtiodsR8th suitable
t al er to m. f ul silicified 23N gate 70
P e LB fistien o STeE N Gppgna
NIvEXi cSidacioe@henss £AG8ocadnek; FatleL o Bdw bteh pEeksTVMERuRYor gate
regi on
gttern ﬁetjmtlon 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



Fully silicided neans that essentially all of the poly
gates 26 and 28 are 26reacted to forms Heide 70 and

78. 27Preferably, between 0 and 500 Angstrons of the
substrate bel ow the NMOS silicon |ayer 54 and PMOS
silicon | ayer 58 are consuned. Layers 68 and 74
preferably have a thickness of between about 55 and

2100 nm 3The fully silicided NMOS gate 70 and fully
silicided PMOS gate 78 4preferably have a thickness

bet ween 55 and 100 urn, 5If there is any unreacted

netal left, we can renove the nneacted netal 6(e.g. ,

Ni ) withoptional selective netal etch process. It is
preferably a wet etch. 7Thus, FUSI gates with .ariable
jwork f UOCNBRIAnIfhE ekampRIemBBifndrtst urn 8f or ms
transistors wt ifferent threshold voltages. 9P.
2Non-limting flraliaubes defcriptien eusngis epeeifib dethitseand sed rth such as
| The enbodi ment's. PUS! ~gates have ny_advan e
R e R R S
4f upgderstangingiot the prebdnatahentidopit ndll beedtivitusabwerer, o orelskilled in the

pol y- 13Si depl.etion effect while c atibl.e w :
Sco ﬁ% gt ‘SS FPATS S MR LAY P8 PraATHEeE Y ltgf"g{%ﬁe e?alll Br %Mcoél{s,ég ggtances,
6f OfveR kflowiitoctevhaet Gt bpenateesided B deril it oréd td wt uggt@sarily obscure
7pattern definition since the 15poly-Si is first etched

t o eHFHRTY AE %t r odes fol Il owed by full silicidation
8Thi s is diff erelkss explicitly stated otherwise, each numerical value and range

9

should be interpreted as being approximate as if the word about or approximately

10  preceded the value of the value or range.

11 Given the variety of embodiments of the present invention just

12 described, the above description and illustrations show not be taken as limiting the scope
13 of the present invention defined by the claims.

14 While the invention has been particularly shown and described with

15  reference to the preferred embodiments thereof, it will be understood by those skilled in
16  the art that various changes in form and details may be made without departing from the
17  spirit and scope of the invention. It is intended to cover various modifications and similar
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

16



16 fromthe conventional netal gates where the netals
are first deposited and etched to form 17gate

el ectrodes. Al so, for conventional netal gates, there
is a concern of netallic 18contam nation into the gate
dielectric. 19 20 21The enbodi nents are intended
nodul e the gate work function in the 22broadest sense.
Hence t he enbodi ments can be applied to nmake 2, 3 or

di fiterent work 23function FUSI gates and it is
W%{%ﬁﬁﬁﬁ%?%gd to "dual work function netal gates”

P d 24devi : . | ] '
L g i erent SBPLCRAACETSRON RO ols e iR Rusts

enmbodi nents can be used to make 2 or nore gates with
devig ¢qraprEiRe R FiRPY Unct i ons (and Vt). 26Even for the sane

polarity devices, for e.g., NMOSFETs there is a need

t o PFaisting aswstiptghavpgp N h&@&rqu AW PEESItsEoN | s1 MOS

devices. 28 The enbodi nents of the invention can have

ar fymgagrbgratickutroflayen evaft subsicatg f eat ur es:

1. use of selective epitaxial growh (SEG of Si over

t héornsops gaé dicetraie(lSleDpvarely gansditlectriodaper;ai sed Sl D

structures. 2. The enbodi nents form

Ni erfedn®b BREdopelzale/|Sjet igplak@ pradekrtoSinblagi egtriBEHEDS The

gales. The advantages of BUS include.: tunable gate

wor k- f uggl ieRBRSodM IhfkrSUi t abl e 9dopi ng, elim nation of

the poiy-Si depletion effect while conpatible with

co 'f'&%ﬁﬁé 2 QﬂJ layer over the gate electrode layer after the pre-dope gate layer

implant process;

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

forming NMOS source/drain (S/D) regions in the NMOS region adjacent to the
NMOS gate structure and forming PMOS S/D regions in the PMOS region
adjacent to the PMOS gate structure, wherein a thickness of the cap layer
is selected to enable doping of the gate electrode layer of the NMOS and
PMOS gate structure through the cap layer according to workfunction
requirements during formation of the S/D regions;

forming silicon layers over the NMOS and PMOS S/D regions;

depositing a metal over the substrate and the NMOS gate and the PMOS gate; and

17



Osem conductor 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 12silicidation. This
is different fromthe conventional netal gates where
the netals are. first 13deposited and etched to form
gate el ectrodes, Al so, for conventional netal gates,

t hesitehl$ngathd dubengre tfoarh filiBt Alididel NLIdSagaawaith esed wilioided
the gate dielectric. 153, W can include co-dopants to
modul at eNMEss YD gpiohs a8l SHilly ﬁ%ﬁde@?Md@fdf‘@Wﬁh Mhisedtsilitided
In+, C+, Si-s, Ge.+ or Ar+. 4., Gate electrodes with
three orpgﬂyggﬂng ikunctlons can be 10 -led on | Sthe
same chip. 195. ﬂe Source/ Drain inplants can be used
to dope the PMOS and/ or 20NMOS gates (eo-doning) to
achi eve the desired work function. 23 1Q Nondimting

2 SXaple eTyod DL B | 5RO SRS R AEBRCS

pressure sptt|ngs, t hi cknesses, etc., in order to
PropF s ¢PEISE: nore t horough 4understandi ng of the present
invention. It will be obvious, however, to one skilled

i n mAskimEnihe gats daver ndhpPMOSTegion ¢askh inplanting pregate dopants into

practiced without these details. In other instances, 6
wel | knotha gpie eleelsaderaxee imibe NM@H refrercioifprmda NV QB gaie Fegion;
in order to not unnecessarily obscure 7the present
I nvent i oand

masking the gate layer in the NMOS region and implanting pre-gate dopants into

the gate electrode layer in the PMOS region to form a PMOS gate region.

3. The method of claim 1 which further includes:
forming NMOS spacers on sidewalls of the NMOS gate and forming PMOS
spacers on the sidewalls of the PMOS gate;
performing a NMOS S/D implant process to form NMOS S/D regions in the
NMOS region;
performing a PMOS S/D implant to form PMOS S/D regions in the PMOS
region; and

removing the NMOS cap and the PMOS cap using a selective etch process.

4. A method for forming an integrated circuit with variable work function transistors

comprising:

18



Unl ess explicitly stated ot herw se, each nunerica
val ue and range 9 should be interpreted as being
approxinmate as if the word about or approximtely
10preceded the value of the value or range. Ii G ven
the variety of enbodinents of the present invention
descri bed, the above description and illustrations
show not be taken as linmting the scope 13of the

pr esent RlingR d6dtianedy ﬂrgean L &R acti !)I?S JaBhich
MG e

I nvention has béen particularly s own an ribed

t r ther
oA R B S L PR it
.that various changes in forn1and details may be nmade
e8It hout departlng fromthe 17spirit and scope of the

i nventi on. is intended to cover variou
modi fi cat |@H§m§r$6te§FaﬁH ayFrsy ghefpind g ALl Sglayers includes
procedures, and the scope of the appended clains
formpipg p episdicl eslareripaentba sdshaede gHieclbritaddayer over the gate
interpretation so as to enconpass all such
dieleada¢ fayerzenid @rvsp &ayer sientheaate2ecapdahngenent s and
procedures. 21 22 21 24 2.5 Wat is clained is;
implanting dopants into the gate electrode layer prior to forming the
cap layer;
patterning the gate stack layers to form first and second gate stacks in
the first and second active regions, the gate stacks comprise a gate dielectric, gate
electrode and gate cap;
forming first S/D regions adjacent to the first gate stack and second
S/D regions adjacent to the second gate stack, wherein during forming the S/D regions, a
thickness of the cap layer is selected to enable doping of the gate electrode layer through
the cap layer according to workfunction requirements;
forming silicon layers over the first and second S/D regions;
removing the gate cap on the gate stacks;
depositing a metal layer over the substrate covering the first and
second S/D regions and first and second gate stacks; and

annealing the substrate to form fully silicided gate electrodes and

raised silicided S/D regions.
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1. A nethod of fabrication of variable work fluaction
gates in a FUSI device conprising the steps of:
provi ding a substrate having a NMOS regi on and a RMOS
region; &iimng a gate dielectric |ayer over the
substrate; formng a gate el ectrode | ayer over the
gate dielectric |ayer; performng a pre-dope gate
| ayer inplant process to inplant inpurities into the
5. gat e el ect magdencliRMF clafi® B RithegkiBthe dipst krdy@stooatprisésen p-type
gate dectrode | ayer after the pre-dope gate |ayer
trafkiPor3k (R REGRISranBiSbl SdnbrXEs ﬁﬁ-@dypéaﬁnki%ﬁr , the gate
el ectrode |l ayer and. the gate dielectric layer to form
a NMOS gate structure in the NMOS region and a PIN OGS
gate structure in the PMOS region; formng NMOS

sour ce/ dr ai SIL.D), regions in.th ' ]
6 Tot he N cRe et P o e Rt Aubi ERRRaRY GRAL
regions jn_the -PMOS region adjacent to the PMOS gate
&W§PPEE§E?£?S&%@%ﬁ?ﬁm%i$ﬁggﬁﬁ§’gh%?nthe cap layer is
sel ected to enabl e doping of the gate el ectrode |ayer
of the NMOS and PMOS gate structure through the cap
| ayer according to workfunction requirenments during
7. f or mat i on dhenteghogiof ylajne §ivdesein fanlarting depanteisle thagef s
over the NMOS and RMOS 5/0 regi ons; depositing a netal
electv@ie lijee canjpasdes:at e and t he NMOS gate and t he PMOS
gate; and annealing the substrate to formfully
silicided Makidbtigatae adctiode Riyeed tisi setaniddegloMdddSnplddting
regions and a fully silicided PMOS gate with raised

first AbSdnfedtoRNOB SR tF i1 8RS in the TiR€rdgRinhad of claim |

wherein the pre-dope gate a inplant process conprises:

maski ng t he, gphe il AMRS elddiolid By BN 1861 oA BAk implantin
i npl anting pre-gafg%&ﬁantg ingo t he gategélectrghe s
| ayer in .th j f NMOS gat e region;
S“QH%SﬂﬁgSfﬁ@q¥%g“%g&§qbg§§%&¥ﬁq% éeNNCS regi on and
i mpl anting pre-gate dopants into the gate el ectrode
layer in the PMOS region to forma PMOS gate region.
The method of claim1 which further ipecludes: foiun
8. NMOS spacerdegethadpdgiims “Pﬁé’ dEEOYH ﬂi‘eoﬁﬁpﬁﬁi
PNI OS spacers on the std-walls of the ?MOS gate;
seqoed EaiE fiapls @IMINEGS SI D i npl ant process to form NMOS
SID regions in. the NMOS region;
implanting first-type dopants to form first SDE regions of first gate

stack;

implanting second-type dopants to form second SDE regions of second
gate stack;

forming spacers on sidewalls of the first and second gate stacks;

implanting first-type dopants to form first S/D regions of the first gate
stack; and

20



performng a PMOS SID inplant to formP 10S S/D

regions in the PMOS region; and renoving the NMOS cap

and the PMOS cap using a selective etch process. 4. A

method for formng an integirated circuit with

vari abl e work function transistors conpri sing:

provi ding a substrate having first and second active

regi ons on which first and second transistors are

forned, t J Vv ' i .

Sl at§ on TBGTGRY SecbfBLBUR0AS b IRuEd YDAk gps ot he

| gyers erein formng gate stack Layers includes
Secoflargﬁtier?&cl\ghgate dielectric layer over the substrate, a

gate el ectrode |ayer over the gate dielectric |ayer

and a cap |ayer over the gate electrode |ayer;

i npl anti ngT dopants into the gate el ectrode | ayer prior
9. to form nglheheeteetof]ciapard comprises annealing the splggtfaéepmqqgvate

the gate stack layers to formfirst and second gate
the dapaotesn tha Sthecdionssind gatd eetadedayrt i ve regi ons, the

gate stacks conprise a gate dielectric, gate el ectrode

and gate cap; formng first SID regions

adjacent to the first gate stack and second SID

10. r egi ons adfiRGRAhod & A48 SREQBE iplaBtisd @plnts M6 KR %'qate
during formn.g the S/D regions, a thickness of the

lechaik 1 bmsss€el ected to enabl e doping of the gate
eece?nzecta?éggem:pays/er t hrough the cap |layer according to

wor kf unct i ' o f ] i) ] - :
the first SviiEIL kR e Bl e R b R r U R B
on the. gate stacks; . . depgsiting a netal

ﬁr“l‘i)‘?%‘lﬁs B\%bﬁthelgﬁté e&ﬁ%@‘ferlé}’eé “3:8\75"?7’%&@??1@%& rst and second
S/D regions and first and s?cond at.e stacks; .and .
anneal i ng B#ENg et electrsiedyerity e fifst geranped igglagting
el ectrodes and raised silleided S/ D regions.

secandalapings oo thp gate yesiadbaercordiegiost or conp ses a
n-ty,pe transistor. 6. The nethod of claim5
conprises annealing the substrate to activate the
dopants in the SiD regions and gate el ectrode | ayer.

11. 7. The netTiedn&hodbfailaimSl Omvheeein €bmmingYPlDaveiong otlhp dindt and
into the gate el ectrode | ayer conprises:

secom@SKicehckh@sHses: €l ect rode layer in the second region
and inplanting first dopants into the gate el ectrode

layer in tfigdokihs firdt 8HeUdpard form first SDE regions of first gate

stack;

implanting second-type dopants to form second SDE regions of second
gate stack;

forming spacers on sidewalls of the first and second gate stacks;

implanting first-type dopants to form first S/D regions of the first gate
stack; and
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maski ng the gate el ectrode layer in the first region
and i nplanting second dopants into the gate layer in
the second region. 8, The nmethod of claim5 wherein
formng SID regions of the first and second gate
stacks conprises: inplanting ilrst-twe dopants to form
firbt SDE regions of first gate stack; inplanting
second-twe dopants to form second SDE regi ons of
second gat emplaaghg seb@dltypd dpabRacs s setondiSdR aidrs ofthe
the first and second gate stacks; inplanting

sa%h&é&é%%@@ dopants to fouEt first S/D regions of the

first gate stack; and inplanting seeon type &pants to

formsecond S/D regions of the second gate stack. 9.
The nmet hod of claim4 conprises anneal i ng the

substrate e.th S j h
12and gate eItTglctmEd)eq almﬁw(%f%% LFF#I %Ogé{n%flmﬁhg%&g
ﬁln I mpl ant i ng dopants into the gate el ectrode
ekﬁﬁ%@ aXEH HYFPIL%S masking the gate
el ectrode | ayer in the second region and |nplant|n¥ :
first doparféskingfhy saeeleriode Byedh fhsdecqngyesion pnd ipplanting
first region; and maski ng the gate
firss Hepantsgate theigase cleefradadayer inghe ﬁ@@fe«gwnamﬂg i npl anti ng
second dopants into the gate |layer in the second
regi on. 1asHine theegateodectrofie lyen imtlkXinsregien and iomidntigg
SA) regions of the first and second gate stacks
secofdfdpasBSntoithpgadlayer.ig tHersstondypgokpant s to form first
SDE regions of first gate stack:

13. The method of claim 4 wherein forming S/D regions of the first and

second gate stacks comprises:

implanting first-type dopants to form first SDE regions of first gate

stack;

implanting second-type dopants to form second SDE regions of second
gate stack;

forming spacers on sidewalls of the first and second gate stacks;

implanting first-type dopants to form first S/D regions of the first gate
stack; and

implanting second-type dopants to form second S/D regions of the

second gate stack.
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i npl anti ng second-type dopants to form second SUE
regi ons of second gate stack; form ng spacers on
sidewal I s of the first and second gate stacks;
inmplanting first-type &pants to formfirst &T.)
regions of the first gate stack; and

i npl antingi d-type dopants to form second Sir) regions
of the second gate stack. 12. The nmethod of claim4

14. Wher ei n i npl anti ng dopan S Iﬁ%?nettljlédeof%ﬁ'irg4furth r,Comprises
electrodeayer conprlse ? 8 ate

el ectrode econd re nd | Iantln
fornfpg SRocgia BRI G (b GrRatt s Byt F gD
first region; and masking the gate electrode layer in
regipte first region and inplanting second dopants into
the gat ayer in the second region. 13, The nethod of
claim4 wherein formng SLID regions of the first and
second gate stacks conprises: inplanting first-type
15. dopants to formfirst SDE r dgcanghwifoffclaimtt vgiar@n forming
i npl anting second-type dopants to form second SDE
silico tHyennd/DsegdomctogptiecsstRetive dpiiainngospacers on
sidewal k of the first and second gate stacks;
i mpl anting fast-type dopants to formfirst S/ D regions
of the first gate

16.  The method of claim 4 wherein depositing the metal layer comprises depositing
metal selected from the group consisting of Ni, Pt, NiPt, NiPd, Co or a combination

thereof.

17. The method of claim 4 wherein implanting dopants into the gate
electrode layer comprises implanting dopants selected from the group consisting of P+,

As+, B+, BF,+, N+, Sb+, Int, C+, Si+, Ge+, Ar+, or combinations thereof.

18. The method of claim 4 wherein implanting dopants into the gate

electrode layer comprises implanting two or more species of dopants.

19. The method of claim 16 wherein implanting dopants into the gate
electrode layer comprises implanting dopants selected from the group consisting of P+,

As+, B+, BF,+, N+, Sb+, In+, C+, Si+, Ge+, Ar+, or combinations thereof.

20. A method for forming an integrated circuit with a variable work function
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stack; and inplanting second-type dopants to form
second STD regi ons of the second gate stack. 14, The
nmet hod of claim4 further conprises form ng spacers on
sidewal I s of the first and second gate stacks prior to
formng SSD 15. The nethod of claim4 wherein brining
silicon layers on S/D rees sel ective epitaxial growh.
16. The method of claim4 wherein depositing the netal
traﬁs%y&rco&ggpiﬁg?ses depositing netal selected fromthe
group consisting of NN, Pt, NiPt, NiPd, Co or a
conbi natio : ' |
pl ant i ng DAL £ ubside et BPACRE e lont b T MRS RAs
f conprises inplanting dopants selected fromthe group
Or%%isting of P+, As+, B+, BFi+, N+, Sh+, I|n+, C+,
Si+, Ge+"& +, .or conbinationg thereof 18. TPE met.h dd
of clai m 4RIAiREEC StF‘H‘QF‘%Fﬁf’i T IFHING &R SEe %’effd{lcgu ©s
el ectrode | ayer conprises inplanting two or nore
formiiyeecd gate dirlegsis dpes over g sulrgeateriqrrRg peate Plggtradg gayer over the
wherein inplanting dopants into the gate el ectrode )
gatk digbactrisdayari ddmplaplizgdapagts dup ﬁt@t%‘%‘&ﬂ@@@%@)’ﬂr@% fnfgrming
group consisting of P+, As+, B+, BF2+, N 1-, Sb+, C+,
a c& hyer@Garer théBate electrodertbyanat i ons t hereof, 20. A net hod.
for formng an integrated, circuit wiwth a variable
wor k funct ipgtiernibp 8esdasd stack oy to Sorga g studkdi ng a
substrate having an active region on which a
t r aR$inlody/Dirsgiby AMent to the gate stack; and M m ng gate
stack | ayers, wherein formng gate stack Layers

i nclydes, s BiHAG R 1 IRLS a e &phiith f tha B reR¥RE aﬁdw%]ée

substrate, tormng a gate el ectrode | ayer over t
at ielectric layer, and inplanting dopants into the
eleg%?‘%lgéfeg’ctrode | ayer prior to formng a cap |ayer over

|t 25 grte{enofu:riglg :t;(gx%grg% g)égﬁ gﬁiﬁoénts,t & trh{]cmgss top fhe %a% Ieayértiggéfected to

enable doping of the gate electrode layer through the cap layer according to workfunction

requirements.

21. The method of claim 20 wherein forming S/D regions comprises:
implanting dopants to form SDE regions of the gate stack;
forming spacers on sidewalls of the gate stack; and
implanting dopants to form first S/D regions of the gate stack.

22, The method of claim 21 further comprises forming spacers on

sidewalls of gate stack prior to forming S/D regions.
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form ng 53/D regions adjacent to the gate stack; and
annealing the substrate to activate the dopants in the
SID regions and gate el ectrode | ayer, wherein
during formng the S/D regions, a thickness of the cap
| ayer is selected to enable doping of the gate
el ectrode | aver through the cap | ayer according to
wor kfunction requirements. 21:The nethod of claim 20
wherein fognmn ANS .co

. dopant s tgfl}eo @d@dm ons of n%) fogl%% élhs ac érsf)%rspn)n
.S ers on sidewalis of t he gate st ack and i nplanting

reg‘B‘gsptg?ﬁcgn’tl’ﬁls?séF]ﬁth‘fere?fta’gé Qﬂ%ons of the gate stack.
22. The met hod of claim 21 further conprises formng
spacers on sidewalls of gate stack prior to formng
S/D regions. regions that conprises selective

24. epi t axi al THreowethod afredaimelthsiiref fermangrd/2orogivas eqmprises:
formng SID regions conprises: inplanting &ants to
f orm SDE riegilannisg dbpantsao dateSIBE aegdignsfod thei gatp spércer s on
sidewal I s of the gate stack; and inplanting dopants to
form firstfolhidg rsﬁ@k:@nﬁl sifewtali€o Ot gats bacls.andhe met hod
of claim 20 further conprises forwi ng spacers on
si deval | s igfp 1&ﬁhgd§ﬁsa@€sl&o RérPfirst 9/ REBhSK thE Bitk @@ElONS.
26, The nethod o ai m 20 wherein rnplanting dopants
into the gate el ectrode | ayer conprises inplanting
dopants selected fromthe group consi st ng of P, As+,

Rl -, BF2+,.Sh+
25. t her eof ﬁ’l thod Ot[Schalgl & fui’tP%rI cr% ses(igrmmg géacgrg%n
| antin CS{h‘g_lntsmto e ate electrodelayer pri or
S‘def"gﬁ FAhge Oéé‘bfof’a&}‘@rst/ﬂ T&®'9He nethod of claim 20
conprises: formng silicon |ayers over the SID
regi ons;
26. The method of claim 20 wherein implanting dopants into the gate

electrode layer comprises implanting dopants selected from the group consisting of P+,

As+, B+, BF,+, N+, Sb+, In+, C+, Si+, Get+, Ar+, or combinations thereof.

27. The method of claim 20 comprises implanting dopants into the gate

electrode layer prior to forming the cap layer.

28. The method of claim 20 comprises:
forming silicon layers over the S/D regions;
removing the cap layer on the gate stack;
depositing a metal layer over the substrate covering the S/D regions

and the gate stack; and
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removing the cap |l ayer on the gate stack;

depositing a netal |ayer over the subsfrate covering
the SID regions and the gate stack; and

anneal ing the substrate to forma fully shielded gate
el ectrode and raised silicided SA.) regions. 29. The
nmet hod of claim 28 conprises inplanting dopants into
the gate electrode |ayer prior to form ng the cap

llayer.  30ansignd'@it Bostiaik 16 kdin 0y Gi0IBIAED 886 electrode and
provi ding a second act coion on the substrate:

raig@ﬁ@ﬁfggfgdg%}%ggsng the gate stack layers forns a
se gate

con ack in the second active region:
form ng second 8/ D regions adjacent to the second gate
stack in the second activc region, wherein during

form ng the secqn / D. regions, the .thickness o he
29.cap | ayer &Qe g’@&’é? togﬁla%ggﬁ%l’%se%wlﬁrgm@fdoi’ﬂ%s @thée gate

el ectrode | ayer of the second gate stack according to
elegiEndr AHsE PQHO fUHNG BREM BYer 31 The method of clai m 30

conprises inplanting dopants into the gate el ectrode

| ayer prior to formng the cap |ayer. 32. The nethod

of claim 30 conprises: formng silicon |ayers over the
30.S| Drhegeibng pf ¢leinol ewgnpirtses:cap | ayer on the gate

st acks; depositing a netal |ayer over

t he subst r aiwidigyesdcond ddiee Sgvn @phensdsaantd, t he

gat est acks; and anneal i ng the

subghéintRtb@idoQhdtAe §thdd My &tk @dec@al gate kel nalkesecond
and raised silicided S/ D regions. The

trgg; .of claim 32 conposes inplanting dopaats into he
gate el’ectrode layer prior to formng the cap |ayer.

forming second S/D regions adjacent to the second gate stack in the second active
region, wherein during forming the second S/D regions, the thickness of the cap layer is
selected to enable doping of the gate electrode layer of the second gate stack according to

workfunction requirements.

31. The method of claim 30 comprises implanting dopants into the gate

electrode layer prior to forming the cap layer.

32. The method of claim 30 comprises:
forming silicon layers over the S/D regions;
removing the cap layer on the gate stacks;
depositing a metal layer over the substrate covering the S/D regions

and the gate stacks; and
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annealing the substrate to form a fully silicided gate electrodes and

raised silicided S/D regions.

33. The method of claim 32 comprises implanting dopants into the gate

electrode layer prior to forming the cap layer.
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