200200109-7 CsS 00 -107 0 JAN 2002 A METHOD TO FORM Q \3\1%—9
MULTI PLESTHMRESIHOLD VOLTAGES {V1) USI NG A COVBI NATI ON OF A “

FUNCTI ON GATE MATERI ALS FI ELD OF THE | NVENTI ON The present i nventl on

rel ates generally to formng integrated circuit transistors, and nore
speC|f| cally to a method of formng integrated circuit transistor gates
‘that control short channel effects. 1 CS 00 -107 BACKGROUND OF THE

| NVENTI ON Deep submicron transistors require special inplants, for exanple
pocket inplants, to control short channel effects. U S. Patent No.
5,960,270 to Msra et al. describes a gate with SIN spacers 23 and a W1
gate, for exanple netal. U S. Patent No. 5,447,874 to Givna et al.
describes a dual netal gate. U S. Patent No. 5,776,823 to Agnello et al.
describes a multi-level (W) gate.

A METHOD TO FORM TRANSISTORS WITH MULTIPLE THRESHOLD

VOLTAGES (V,) USING A COMBINATION OF DIFFERENT WORK
FUNCTION GATE MATERIALS

FIELD OF THE INVENTION

The present invention relates generally to forming integrated circuit
transistors, and more specifically to a method of forming integrated circuit

transistor gates that control short channel effects.



U.S. Patent No. 5,966,597 to Wight and U S. Patent No. 5,965,911 to Joo
et al. desprifpes describe dual material gates. U S. Patent No. 6,051,470 to
An et al. describes a dual-gate electrode having edge conductive portions,
a central conductive portion, and dielectric sidewall spacers forned

bet ween the edge conductive portlons and the central conductive portion. 2
CS 00 -107 SUMVARY OF P . is an object of the
present invention to p et T g a gate with nultiple
t hreshol d vol tages (VT). Anot her obj ect of the present invention to provide
a method of fabricating a gate with multiple threshold voltages by using a
conbi nation of dDEEﬁrﬁ'Btmﬂé%rk tfa!ﬁ@?s%x%nréll%ﬁl% £§9éc%(l' ﬁﬁ lathd, | ©r aMahii18g

speci al inplants er objects wll appear herel nafter 't "has now been

di scovepgglkéth@\ 1;_{1{19 talagﬁgoaﬂgbr@&mne@@ﬁ@&gs of the present invention nmay
be acconplished in the foll ow ng manner. Specifically, a sem conductor
substrate having an overlying patterned | ayer exposing a portion of the
substrate within active area and patterned | ayer opening. The patterned

| ayer - U.S. Patent No. 5,960,270 to Misra et al. describes a gate with SiN

spacers 23 and a WF1 gate, for example metal.

U.S. Patent No. 5,447,874 to Grivna et al. describes a dual metal gate.

U.S. Patent No. 5,776,823 to Agnello et al. describes a multi-level (WF)

gate.

U.S. Patent No. 5,966,597 to Wright and U.S. Patent No. 5,965,911 to

Joo et al. describes describe dual material gates.

U.S. Patent No. 6,051,470 to An et al. describes a dual-gate electrode
having edge conductive portions, a central conductive portion, and dielectric
sidewall spacers formed between the edge conductive portions and the central

conductive portion.



havi ng exposed sidewal I s. Internal spacers are fornmed over a portion of the
exposed Gsufist 1@t € portion within the patterned | ayer opening on the
patterned |ayer exposed sidewalls. The internal spacers being conprised of
a WF1 material having a first work function. A planarized gate el ectrode
body is fornmed wthin the renaining portion of the patterned |ayer opening
and adjacent to the inter I | ect rode body being
conprised of a WF2 naterlm%q%%%sTH{ﬁLMUnctl on. The internal
spacers and the gate el ectrode body formng the gate electrode. 3 CS 00
-107 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present inventionAMbidiAglyTOE §s afl %Eétyﬁp@gé:‘ 2%&9@ ihbekS etof[%olv%\é N9

description taken in confunction W th anyi ng n whi ch
li ke refesthodof fabFiading 208Gt 9nat MustipletRfesRb1d &&Ea@ﬁ dl ng el ements,
regions and portions and 1n which: Figs. | to 4 s |caIIy illustrate in
cross-sectional representation a preferred enbodi nent of the present
invention. 4 CS 00 -107

. Another object of the present invention to provide a method of

fabricating a gate with multiple threshold voltages by using a combination of

different work function gate materials while avoiding special implants.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor substrate having an overlying patterned layer exposing a portion of
the substrate within active area and patterned layer opening. The patterned layer
having exposed sidewalls. Internal spacers are formed over a portion of the
exposed substrate portion within the patterned layer opening on the patterned
layer exposed sidewalls. The internal spacers being comprised of a WF1 material
having a first work function. A planarized gate electrode body is formed within the
remaining portion of the patterned layer opening and adjacent to the internal
spacers. The gate electrode body being comprised of a WF2 material having a

second work function. The internal spacers and the gate electrode body forming the

gate electrode.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Unl ess ot herw se
speci fieslpoalibystructures, layers, etc. may be fornmed or acconplished by
conventional nethods known in the prior art. Starting Structure Accordingly
as shown in Fig. 1, starting sem conductor substrate 10 nmay be a silicon
substrate. Well and punch through inplants (not shown) are performed using
N-wel |l and P-wel | MBSk FRSHRRPRIP iéf\fa F tl s RIS isolations (STls) 12
are formed within sil3 ive area 14
t her ebetween. Sacrificial oxide |ayer 16 is formed over silicon substrate
10 and STIs 12. Sacrificial oxide layer 16 is preferably from about 100 to
300A thick. For math®feRlird3id @ 2898nta3¥E of ARe PHOWAL iRV Elitbn WillSACHIdrkCi al
oxi de layer 16 is renoved. Patternedlayer 18 is forned over silicon
subst r atleadl§) 1atbr&bbd 3t theafollohvink ﬂﬂSSri?ﬁo@ﬁﬂEe&f abkynjlnetivabeigh tA©00 to
3000A. Patterned layer 18 is preferably ornmed of silicon oxide (SiQ) or
si j i conaciormpateyingi Syingand whicholike pefeferabhymefads medigratsisihdanoni tri de
(nitride). 5 CS 00 -107

- " corresponding elements, regions and portions and in which:

Figs. 1 to 4 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



Patterned nitride | ayer 18 has opening 26 which exposes a portion 20 of
siliconGsulistt®te 10 within active area 14. Patterned nitride layer 18 al so
has exposed sidewalls 27 within opening 26. Formation of Gate Oxi de Layer
As shown in Fig. 3, layer of gate oxide 22 is formed over portion 20 of
silicon substrate 10 within opening 26. Gate oxi de 22 is preferably from

about 10 to SEAMINEDDESTRIPTION OFP[AEEM NP 25A thick.
Formati on of nt erna pacers erial |ayer
having a first work function is dep05|ted Wi t hi n patterned nitride |ayer
opening 26, and is etched to form W1 internal spacers 24 on the exposed

si dewal | s 27 of palrilessnetetwise isgecitiagedll $8uctikds, laydrer dtal mapaseefosméd have a
base width 27 of preferably from about 200 to 1200A, ‘and nore preferably -

from ab@GtaCQﬁnph@eddQMorﬁ@nnanahnedfodMOGatmtEIeepn:totr(ade Body As shown in
Fig. 4, WF2 material having a second work function is deposited within
patterned nitride | ayer opening 26 adjacent to WFl internal spacers 24,

and is tihen pl Enari zed (preferably by chem cal nmechanical polishing (CW))

to form trode body 28. Wrk function is a comon
sem conductor physics term It is the energy required to bring an el ectron
at the

Accordingly as shown in Fig. 1, starting semiconductor substrate 10
may be a silicon substrate. Well and punch through implants (not shown) are

performed using N-well and P-well masks as appropriate.

Shallow trench isolations (STIs) 12 are formed within silicon substrate

10 and define active area 14 therebetween.

Sacrificial oxide layer 16 is formed over silicon substrate 10 and STIs

12. Sacrificial oxide layer 16 is preferably from about 100 to 300A thick.

Formation of Patterned Laver

As shown in Fig. 2, sacrificial oxide layer 16 is removed.

Patterned layer 18 is formed over silicon substrate 10 and STIs 12 to a
thickness of preferably from about 1000 to 3000A. Patterned layer 18 is preferably
formed of silicon oxide (Si0,) or silicon nitride (Si;N,), and is more preferably

formed of silicon nitride (nitride).



Fer m % @7a material to the vacuumor free energy, level. 6 CS 00 -107
Pl.anari z&d Q/\F gate electrode body 28 is preferably fromabout 1000 to
3000A thick, and is nore preferably from about 1500 to 2500A thick. W1
i nternal spacers 24 and WF2 gate el ectrode body 28 together conprise gate

Body The ol | owi nESRarIeR BEId Hees T G4 st 21 BRSO meres * RO iedr 1ol

con Sztd—fé;x?cra e P PG, R%5°Ra5 94 Al AR SeE sl S5 Lo
illust r Slgﬁmnﬂajmrp%?&?ﬁ%%red WF1/ WF2 material s conprising gate

el ectrode e nore red ("np") materials so indicated. Any
PMOS WF1 rraterl al from the PMOS WF1 col um may be sel ected and conbi ned
wi th any Pl\/m V\F2 mat er i aI selected fromthe PMOS WF2 col utm; and any NMOS
WF1 nmat erd fof 2t ) xidh #@F1 col um may be sel ected and conbl ned with
any NMOS V\F2 materl al sel ected fromthe NMOS WF2 col utm. 7 CS 00- 107

As shown in Fig. 3, layer of gate oxide 22 is formed over portion 20 of
silicon substrate 10 within opening 26. Gate oxide 22 is preferably from about 10 to

50A thick, and is more preferably from about 15 to 25A thick.

Formation of WF1 Internal Spacers

As shown in Fig. 3, 2 WF1 material layer having a first work function
is deposited within patterncd nitride layer opening 26, and is etched to form WF1
internal spacers 24 on the exposed sidewalls 27 of patterned nitride layer 18. WF1

internal spacers 24 have a base width 27 of preferably from about 200 to 12004, and
more preferably from about 200 to 400A.

Formation of WF2 Gate Electrode Body

As shown in Fig. 4, WF2 material having a second work function is
deposited within patterned nitride layer opening 26 adjacent to WF1 internal
spacers 24, ard is then planarized (preferably by chemical mechanical polishing
(CMP)) to form WF2 gate electrode body 28. Work function is a common

semiconductor physics term. It is the energy required to bring an electron at the

Fermi level of a material to the vacuum or free energy, level.



TABLE | PMOS NMOS Wl WF2 [WFI W2 WTaN WRuO, Co Ti Co Pt N Ta N

Ti Si, MCHOS-207W5i Al Wsi NiSi NiSi Cosi Cosi WNWN Ti:ti TiN
Conventional techniques may then be used to form senm conductor transistors
incorporating the gate electrode 30 fabricated in accordance with the
present invention. Gate electrodes 30 control short channel effects without
the necessity of having to formspecial inplants such as pocket inplants
because the different work function near the edge will give a higher |ocal
V,.. The advantages of the present invention include:

Planarized WF2 gate electrode body 28 is preferably from about 1000
to 30004 thick, and is more preferably from about 1500 to 25004 thick.

WEF1 internal spacers 24 and WEF2 gate electrode body 28 together

comprise gate electrode 30.

Composition of WF1 Internal Spacers 24 and WF2 Gate Electrode Body

The following Table I illustrates the preferred WF1 / WF2 material
combinations for the WF1 internal spacers 24 and the WF2 gate electrode body 28
forming gate electrode 30 for a PMOS and NMOS device. Table I illustrates a
combination of preferred WF1/WF2 materials comprising gate electrode 30 with
the more preferred ("mp") materials so indicated. Any PMOS WF1 material from
the PMOS WF1 column may be selected and combined with any PMOS WE2
material selected from the PMOS WF2 column; and any NMOS WF1 material from
the NMOS WF1 column may be selected and combined with any NMOS WF2
material selected from the NMOS WEF2 column,



1. its conpatibility wth advanced netal gate processes; and 2. it is a

si npl ercppocess w t hout pocket inplants. 8 CS 00 -107 While particul ar
enbodi ments of the present invention have been illustrated and descri bed,
it is not intended to limt the invention, except as defined by the
following clains. 9 CS 00 -107 11*11{111211111112111121111 11 CL M CLAI M5
W claim 1. A nethod of formng | ectrode, conprising the steps of:
a) providing a sem conduct or subs?Tg'E%Igving an overlying patterned | aver
exposing a portion of said substrate within active area and patterned | ayer

openi ng;sardpattermegtayer—havrng—expesed—srdewatts—5p)y—fFornmng
internal spacerispiyeg ajportion ¢f said exposed subgiwaise pprtion wthin
sai d pattermed-tayer opegnrngomr$ard-pattermed—tayerexposepg—srdewat] s;
sai d WF1 WF2 WF1 WE2

W TaN W RuO,

| Co Ti Co Pt

Ni Ta Ni

TiSi, Mo TiSi,

WSi, Al WSi,

NiSi, NiSi

CoSi, CobSi,

WN WN

TiN, TiN,

Conventional techniques may then be used to form semiconductor
transistors incorporating the gate electrode 30 fabricated in accordance with the

present invention.

Gate electrodes 30 control short channel effects without the necessity
of having to form special implants such as pocket implants because the different

work function near the edge will give a higher local V.

The advantages of the present invention include:
1. its compatibility with advanced metal gate processes; and

2. it is a simpler process without pocket implants.



i nternal spacers being conprised of a WF1 material having a first work
f.unctiogis gnghc) formng a planarized gate el ectrode body within the
remai ning portion of 10 said patterned | ayer opening and adjacent to said
internal spacers; said gate electrode body being conprised of a W2

mat eri al having a second work function; said internal spacers and said
gate el ectrode body, form ng .said.gat.e electrode. 2. The nethed of, claim1,
Sherein sai 4 substVBNe PREErAE e RF HEE Bupint dBTRUECD Aa® bne
met hod o4, &l.4l 21 N .sal . | rd : er
el oct ed ViRt JUSHELE (R IR R Rl Ble fnSeRATH 8f0h Sadi oL
said W,y tﬁg?&ﬁéﬁingc‘iaﬁ%.em ed fromthe PMOS W1 col um of Table I; and
said WF2'material "'s selected fromthe PMOS WF2 columm of Table I. 10 CS
00 - 107 f 1'11011i 111211 1211ff 11111 ff 1111 L Ms 4. The nethod of claim
1, wherein said patterned layer is conprised of a layer selected fromthe
group consisting of silicon oxide and silicon nitride; said WF1 material-
is selected fromthe NMOS WF1 col um of Table I; and said WF2 materi al



i's selected fromthe NMOS WF2 col um of Table |I. 5. The nethod of claim i1,
wher ei ncsajod- patterned | ayer is conprised of a layer selected fromthe
group consisting of silicon oxide and silicon nitride; said WF1 nateri al

is selected fromthe PINTOS WF1 col umim of Table I; ' erial
s selected fromthe PMOS WF2 col um of Table I. 6lﬂﬁ B@; | aim 1,
wherein said patterned |l ayer is conprised of silic (I oe, ssard WF1
material is TiNX; and said WF2 material is TaN. 7. The nethod of claim1,
wherein said patterned |ayer 18 is §¢ gsed of silicon nitride; said W1
material is TiSil, and said WF2 maferi is RuQ . 8. The nethod of claim1,
i ncl udi nge tlagnstep of form ng a gate oxide | ayer over said exposed portion
of substrate within patterned | ayer opening before said internal spacer
formati on step; said gate oxide |ayer having a thickness of from O about
10 to 50A. 9. The nethod of claim1, wherein said patterned |layer is from
about 1000 t & made@lof fermingagatesledmgle, sedpabing the stepswift ri de; said
internal spacers have a base w dth of fromabout 200 to 1200A; and said
gate el ect r odePrwddinga seminoadugtor sod6tratechaaGoPAn averlying patterned layer

exposing a portion of said substrate within active area and patterned layer opening;

said patterned layer having exposed sidewalls;
5 b) forming internal spacers over a portion of said exposed substrate portion

within said patterned layer opening on said patterned layer exposed sidewalls; said

internal spacers being comprised of a WF1 material having a first work function;

and

c) forming a planarized gate electrode body within the remaining portion of

10 said patterned layer opening and adjacent to said internal spacers; said gate

electrode body being comprised of a WF2 material having a second work function;

said internal spacers and said gate electrode body forming said gate electrode.

2. The method of claim 1, wherein said substrate includes STIs defining said

active area.

3. The method of claim 1, wherein said patterned layer is comprised of a layer
selected from the group consisting of silicon oxide and silicon nitride; said WF1
material is selected from the PMOS WF1 column of Table I; and said WF2 material
is selected from the PMOS WF2 column of Table .

10



CS 00 - 107 12111211 fwull 12121 Il 1111 10. The neth ' erein
sai d paCsdl0ned?] ayer is fromabout 1000 to O 3000 ﬂ {ﬁm ﬁl H npri sed
of silicon nitride; said internal spacers have a b ¢ W ¢ f m about

200 to 400.; and said gate electrode body is fromabout 1500 to 2500A
thick. 11. A nethod of form ng a gate el ectrode, conprising the steps of:

@) provicdi naThe SIHEANIUELAL 1 WRSLIALEA AR ANRY S Loth PEARLY S1ed | ayer

exposing a portion of said substrate w n active area patterned | ayer

openi Ngsele&@H FrHAL {HR PRAd 8Rfistlay b 6ilREAVX T ahd@drSnitaidR) sdiarWwimg a
gate oxide |layer upon said substrate exposed portion; c) formng internal

spacer s niMedialds Beletfedfrém thaiNVIGB W HXddlemnayfelablé I;hkind sad WEDatdt@idled
| ayer opening on said patterned |ayer exposed sidewalls; said internal

spacer s idslauged bopr tredd VDS 8V MFdolominesfidbldiBvi ng a first work function; and
d) formng a planarized gate el ectrode body within the remaining portion of
10 said patterned | ayer opening upon said gate oxide |ayer and adjacent to
said internal spacers; said gate el ectrode body being conprised of a W2
materi aP-  havinggnethodcdifpimot kKvheieet paid; Pajtarded myer inFompaised of anayyai d
gate el %glterct%(glefrg%d¥hg ggor{]lpngor?s%tging %E gilieclo(ralccggigg Gnd silicon nitride; said WF1

material is selected from the PMOS WF1 column of Table I; and said WF2 material

is selected from the PMOS WEF2 column of Table 1.

6. The method of claim 1, wherein said patterned layer is comprised of silicon

nitride; said WF1 material is TiN ; and said WF2 material is TaN.

7. The method of claim 1, wherein said patterned layer 18 is comprised of

silicon nitride; said WF1 material is TiSi,; and said WF2 material is RuQ,.

8. The method of claim 1, including the step of forming a gate oxide layer over
said exposed portion of substrate within patterned layer opening before said
internal spacer formation step; said gate oxide layer having a thickness of from

about 10 to 50A.

9. The method of claim 1, wherein said patterned layer is from about 1000 to
3000A thick and is comprised of silicon nitride; said internal spacers have a base
width of from about 200 to 1200A; and said gate electrode body is from about 1000
to 3000A thick.

11



12. The nethod of claim 11, wherein said substrate in defi ni ng
said actgsvgp-arwa. 13. The nethod of claim 11, \Aﬂmﬂlmbgmg“ﬁgﬂur ned | ayer
is conprised of a layer selected fromthe group IcASME . sl licon
oxide and silicon nitride; said W1 naterial is selected fromthe PMOS W1
colum of Table |I; and said WF2 naterial 1is selected fromthe PMOS WF2

col um of Tabke | 0. -.1072 1111111 C L M S 14 .The nethod claim
17, “wher dPn” oaPa Bate Rddina Je Mhet o peisarlic 1R ool Ehalt 1 B The
group conghsh A inS : s : rial
i's selected fromthe ﬁ&ﬂ%ﬁ%gﬁa%&g&ﬁ{ lllljé‘%é)’gaﬁ E%hﬁﬁslas?g&%ﬁ%b{gtag?%% i's
sel ect ed }ig@ot A8 M-S\ 16 2be AN RS saféga?e %lect, le B_&?y iRl ¢5@ i 11,
wherein said patterned layer is conprised of silicon” nitride; said W1
mat eri al 2580 ithlk. and said WF2 material is TaN. 16. The nethod of claim 11,
wherein said patterned |layer is conprised of silicon nitride; said W1
material is TiSi,; and said W2 material is Ru02. 17. The method of claim
11, wherein said gate oxide layer is fromabout 10 to
-~ 11. A method of forming a gate electrode, comprising the steps of:
a) providing a semiconductor substrate having an overlying patterned layer
exposing a portion of said substrate within active area and patterned layer opening;
said patterned layer having exposed sidewalls;
5 b) forming a gate oxide layer upon said substrate exposed portion;
¢) forming internal spacers over a portion of said gate oxide layer within said
patterned layer opening on said patterned layer exposed sidewalls; said internal
spacers being comprised of a WF1 material having a first work function; and
d) forming a planarized gate electrode body within the remaining portion of
10  said patterned layer opening upon said gate oxide layer and adjacent to said
internal spacers; said gate electrode body being comprised of a WF2 material

having a second work function;

said internal spacers and said gate electrode body forming said gate electrode.

12, The method of claim 11, wherein said substrate includes STIs defining said

active area.

13.  The method of claim 11, wherein said patterned layer is comprised of a layer
selected from the group consisting.of silicon oxide and silicon nitride; said WF1
material is selected from the PMOS WF1 column of Table [; and said WF2 material

is selected from the PMOS WF2 column of Table I.

12



50A thick; said patterned layer is fromabout 1000 to 3000A thick and is
conpris€d 0f103i licon nitride; said internal amuﬁm wi dt h of
from about 200 to 1200A; and said gate el ectroaﬁﬂm mm out 1000
to 3000A thick. 18. The nethod of claim 11, wheretn saitd §at& oxi de | ayer
irs fromabout 15 to 25A thick; said patter ned layer is fromabout 1000 to

3000A thick and is conprised of silicon nitride; said internal spacers
have a base width of from about 200 to 400A; and said gate el ectrode body

i's fromiaboutThd3REhGE F200A Iﬁ'vﬂlferel%%ald\PHﬁéma 189erf i cHingisad PAhdayer

el ectrode, conprising the steps of: a) providing a sem conductor. ‘substrate

havi ng asleewel frpthehatd s aﬁﬂsxkt@ﬁ{%bf s8KRASH18e AnEIOLiLiE O n@rideRisdidS WISTL r at e
within active area and patterned Tayer opening; 13 CS 00 -107f CL 5 said

pat t er nerateagkis setectgtpfrorptiredd MDE &ViRl taunsaodTshibdtaral snidWFRdesteSdl s 5
defining said active area. b) formng a gate oxide | ayer upon said

subst r atigsdgqed éobnp one NOADS Y FL ovlmiomyof hatde hal spacers over a portion of
said gate oxide layer within said patterned |ayer opening on said

pat t er ned Iayer exposed sidewal I's; said internal spacers being conprised

ofaV\FI |aI vin f| stwokfnctlon nd : 1
he'method ofclaim 11 11, wherein said patternéd flayer is comprised of silicon

nitride; said WF1 material is TiN,; and said WF2 material is TaN.

16.  The method of claim 11, wherein said patterned layer is comprised of silicon

nitride; said WF1 material is TiSi.; and said WF2 material is RuQ,.

17. The method of claim 11, wherein said gate oxide layer is from about 10 to
50A thick; said patterned layer is from about 1000 to 3000A thick and is comprised
of silicon nitride; said internal spacers have a base width of from about 200 to

12004; and said gate electrode body is from about 1000 to 30004 thick.

18. The method of claim 11, wherein said gate oxide layer is from about 15 to
25A thick; said patterned layer is from about 1000 to 30004 thick and is comprised
of silicon nitride; said internal spacers have a base width of from about 200 to 400A;

and said gate electrode body is from about 1500 to 25004 thick.
19. A method of forming a gate electrode, comprising the steps of:

a) providing a semiconductor.substrate having an overlying patterned layer

exposing a portion of said substrate within active area and patterned layer opening;

13



10 d) forming a planarized gate e tthin the remaining portion
of sai dSpea+etmed | ayer opening M@gﬁgﬁ%}tﬁl de | ayer and adjacent to
said internal spacers; said gate &l ectrode . bei ng conprised of a W2
material having a second work function; said internal spacers and said

gate el ectrode body form ng said gate el ectrode. 20. The nethod of claim

19, mersﬁl&ﬁsdﬁle(?ng tlga%?%%\)i@?g&(giﬁe&ogm ‘ill\lgﬁg Q%i{ifls%kgs?f%stgi iz\%méseggp om t he

group consi ng o con and siticon n erial

is sele '1’(1 the WFI colum of Table I; and said WF2 materi al S
S cefihing Sy e¥e

sel ecte WF2 columm of Table |I. 21. The nethod of claim 19,

wherein sai d )ik, dta¥Ridd 18 &q,E?UI’{ 4 sQbstath @Y dssdrgehed fromthe
group consi stbigng o]fn siticon oxi }ée nd %I iscosn nibt@r'dcsjsee; SEgdaig W1 materi al

is selected fd) @ik ih!\éﬁ'&l\éﬁéc@@o%fla?f)rﬂ'@bbﬁsalia gattdogae thydFvithenidl is
selected fromthe N WF2 colum of Table |I. 22.” The nmethod of claim 19,

wher ei n Eatainpatlspernepkriag en sad paternsk tbyel expbsgksidesellbesaid ntamat he

group consisting.of silicon oxide and silicon nitride; said W1 nateri al

i s sel ecipadersibemg ¢renpiss! ¥R W0l materiad hdbige first modk SanationFandat erial i s

selected fromthe PMOS WF2 colum of Table I. 14 CS 00 -107 )

10 d) forming a planarized gate electrode body within the remaining portion of

said patterned layer opening upon said gate oxide layer and adjacent to said
internal spacers; said gate electrode body being comprised of a WF2 material
having a second work function;

said internal spacers and said gate electrode body forming said gate electrode.

20.  The method of claim 19, wherein said patterned layer is comprised of a layer
selected from the group consisting of silicon oxide and silicon nitride; said WF1
material is selected from the PMOS WF1 column of Table I; and said WF2 material

is selected from the PMOS WF2 column of Table 1.

21.  The method of claim 19, wherein said patterned layer is comprised of a layer
selected from the group consisting of silicon oxide and silicon nitride; said WF1
material is selected from the NMOS WF1 column of Table I; and said WF2 material

is selected from the NMOS WF2 column of Table L.

22. The method of claim 19, wherein said patterned layer is comprised of a layer
selected from the group consisting .of silicon oxide and silicon nitride; said WF1
material is selected from the PMOS WF1 column of Table I; and said WF2 material

is selected from the PMOS WF2 column of Table 1.



11111211 1111112 , S 23. The method of claim 19, wherein said patterned

| ayer iscsoopnpged of silicon nitride; said WF1 material is Ti and said
WF2 material is TaN. 24. The nethod of claim 19, ma“m“mt' fﬁgﬂ er ned

| ayer is conprised of silicon nitride; said W1 I : and
said WF2 material is RUO2. 25. The method of clainf1d wher ei n sald gate
oxide layer is fromabout 10 to 50A thick; said patterned |layer is from
about 1000 to 3000A thick and i s conprised of silicon nitride; said

At o o 62T a0 Dy o Of PRRR 1% Hrdsdlo s IE PABOBRA 1ARE. CombrRRdor 8RR of
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silicon nitride; said internal spacers have a base width of from about 200
to 400A; and said gate el ectrode body is fromabout 1500 to 2500A t hi ck.
15 24.  The method of claim 19, wherein said patterned layer is comprised of silicon

" nitride; said WF1 material is TiSi ; and said WF2 material is RuQ,.

25.  The method of claim 19, wherein said gate oxide layer is from about 10 to
50A thick; said patterned layer is from about 1000 to 3000A thick and is comprised
of silicon nitride; said internal spacers have a base width of from about 200 to

12004; and said gate electrode body is from about 1000 to 30004 thick.

26.  The method of claim 19, wherein said gate oxide layer is from about 15 to
25A thick; said patterned layer is from about 1000 to 3000A thick and is comprised
of silicon nitride; said internal spacers have a base width of from about 200 to 4004;

and said gate electrode body is from about 1500 to 25004 thick.
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