Metal Contact Structure and Method of Manufacture
TECHNI CAL FI ELD [0001] The present invention rel ates
generally to sem conductor devices, and nore
particularly to a netal contact structure for use in
sem conduct or devices. BACKGROUND [ 0002]

Conpl enment ary net al - oxi de- sem conduct or ( CMOS)
technology is the dom nant seniconductor technol ogy
used for the manufacture of ultra-large scale
integrated (VLSI) circuits today. Current CMOS
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10004] Polysilicon gates, however, often exhibit gate

dEB025! | OB HUGRP AR oR4E semiconductor (CMOS) technology is the
dominant semiconductor technology used for the manufacture of ultra-large scale
integrated (ULSI) circuits today, Current CMOS transistors typically utilize polysilicon
as the gate electrode for both NMOS and PMOS transistors, wherein the polysilicon is
doped with an N-type dopant to form NMOS transistors and is doped with a P-type
dopant to form PMOS transistors.

[0003] An interlayer dielectric is .typically formed over the CMOS transistors, and
cdntact plugs are formed through the interlayer dielectric to the polysilicon gate electrode.
The contact plugs are typically filled with a metal, such as copper or tungsten. To
improve the contact between the metal and the polysilicon, the surface of the polysilicon
is frequently silicided.

[0004] Polysilicon gates, however, often exhibit gate depletion problems and are

difficult to optimize the threshold voltage. Furthermore, the amount that a polysilicon
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difficult to optimze the threshold voltage.
Furthernore, the anount that a polysilicon -1.. gate
may be doped is limted, thereby limting the effect
of doping on the threshold voltage. This restricts
the anmount the feature size of polysilicon structures,
such as 'polysilicon gates, may be reduced. [00051 In
can attenpt to solve these problens, attenpts have been
made to utilize mnmetal gates. The netal gates
generally allow smaller channel designs and alloms for
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[0006] The operating characteristics, particularly the work function, of metal gates,
however, may be altered by interlayer metal contacts. When the work function of the
metal gates is altered, it is difficult to design circuitry that operates in a known and
predictable manner.  This problem becomes more troublesome in smaller designs, such
#8 65 nm and below designs, in which changes in the work function have a dramatic
effect on the operation of the devices,

[0007] Therefore, there is a need for a metal contact structure such that the work

function of the gate electrode is substantially retained.




-2 SUMVARY OF THE | NVENTI ON [ 0005] These and ot her
probl ens are generally reduced, solved or
circunvented, and technical advantages are generally
achi eved, by enbodi ments of the present invention,

whi ch provides a netal -to-netal contact structure for
use in sem conductor devices. [0009] In one enbodi nent
of the present invention, a contact structure is
formed through an interlayer dielectric to a netal
structure forned on a substrate. The netal structure

rrgmﬁg zﬁﬂcg.h netal gate el ectrode of a
transistor ﬁp diate netal |ayer contact

pad, The contact structure preferably conprises a

cIMBBRICt | Tieesé mdether moblizhs 06 ghedaRy BRI, @owato%lcumﬂ&ﬁg& and
and the netal structure, |In one enbodi ment, the
exanpl e, an el enent al

tive. layer nma
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metal oxide, or a conblnatlon thereof. In an
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formed of polysilicon. [0010] In a first enbo

W@‘ﬁi structur such as a net al gate el ectrode, |s
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An interlayer dielectric layer 1is forned over the
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the 1 nterlayer dielectric above e net
A conductive layer is formed in the contact hole,
structure may be, for example, a metal gate electrode of a transistor or an intermediate

metal layer contact pad, The contact structure preferably comprises a conductive layer
positioned between a metal contact and the metal structure. In one embodiment, the
conductive layer may be, for example, an elemental metal, metal alloy, metal silicide,
motal nitride, metal oxide, or a combination thereof. In an altemative embodiment, the
conductive layer is formed of polysilicon,

[0010} In a first embodiment, a metal structure, such as a metal gate electrode, is
formed in accordance with known processing techniques. An interlayer diclectric layer
is formed over the metal structure, and a contact hole iz formed through the interlayer
dielectric above the metal structure. A conductive layer is formed in the contact hole,
and the contact hole is filled with & conductive material. In one embodiment, the

conductive layer may be, for example, an elemental metal, metal alloy, metal silicide,
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and the contact hole is filled with a conductive
material. In one enbodi nent, the conductive |ayer nay
be, for exanple, an elenental netal, netal all oy,

netal silicide, -3 netal nitride, netal oxide, or a
conbi nation thereof. In an alternative enbodi nent, the
conductive layer is forned of polysilicon. [0011] In a
second enbodi nent, a netal structure, such as a netal

gate electrode, is fornmed in accordance with known

processi ng techni ques. A conductive |layer is forned
and patternedq over at | east a portion of the netal
st“fe&@?’m“&m ofife, OF p 59ralinatipr thetepk: | B ancpjtenative smbestinren, the
over the nmetal structure, and a contact hole is forned
thaﬂu@ﬁehp@igm@ab%mmgﬂ.el ectric above the netal
structure. The cont'act hole is filled with a
conductive material. In one enbodinent, the
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nmetal, netal alloy, netal silicide, netal nitride,
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of polysilicon. -4 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ autpeend ovay anipasts protins of the metabistrustumn dAN ttedlbydr Bizlectric layer
present invention, and the advantages thereof,
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t aken |
‘dielecttic above the metal structure. The contact hole is filled with a conductive
material. In one embodiment, the conductive layer may be, for example, an elemental

metal, metal alloy, metal silicide, metal nitride, metal oxide, or a combination thereof,

In an alterative embodiment, the conductive layer is formed of polysilicon,




con unction wth the, acconpanying draw ngs, in which
[0013] FIGS, la-1le are cross-section views of a wafer
illustrating a process of formng a netal contact
structure in accordance with a first enbodi nent of

the, present invention; and [0014] FIGS. 2a-2f
cross-section views of a wafer illustrating a process
of formng a netal contact structure in accordance
with a second enbodi ment of the present invention. -5
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

[ BR1EH DESCRIMEHONTQF ZHE DRAWIGGEf the presently preferred
enbodi nents are discussed in detail below It should
bd803Hpr e &oratk exiore havnpletr yndefsandiid) of [@iee pRMdnt IHVAIN @RI the
provides nany applicabl e inventive concepts that can
b wi de varlet of specific,6 contexts,
RS firon Pt it it e o Rowins donpRmopiinsin
described in the context of formng a netal -to-netal

C confunction inéth tieawcompamidugaigs, iSwhitigt ure of a transistor
and a netal contact. One of ordinary skill in the

a reciate that the process
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device or structure that may use netal-to-netal
CRBHAE h SetaPERIcHEtAGude in ta&@rdﬁ?:@ With 2SRRI TERF the. present
di scussed herein are nerely illustrative of sp eCimre
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[0014) FIGS. 2a-2f cross-scetion views of a wafer illustrating a process of forming a

- metal contact structure in agcordance with a second embodiment of the present invention.




scope of the invention. [0016] The enbodi nents

descri bed herein are particularly useful in 65 nm
designs and snaller. As noted above, netal gates

all ow snmal l er channels due to the ability to contro
the threshold voltage to a greater degree. In order to
take full advantage of this feature, however, it is
necessary to forma good conducti've connection to the
contacts and to limt the inter-diffusion rate
between the netal gate and contact, which is typically

nBERAILEROESCRIFTION ORIhEUSTRATEVE EMBODIVENTS pr ovi des a
conductive | ayer between a netal gate and a netal

cHAtShct . Themakingreid osihy ef thagresenttyeprefaesd dnboditteimk discistd
elemental nmetal, netal alloy, netal nitride, netal
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Iayer is selected such that the conductive |ayer

pnayiagelsalde inveiive careptahel cah Be prbidisdan @ e iﬁ&tycb? gﬁeﬁ%
between the netal gate and the netal contact,

provi,de [ layer. to limt the inter- dlffu5|on
Peape T Bt 5 mslof i Bt hesoed fhasoptent of
Furthernore, in sone enbodinents it is desirable to

Sfomnte a etibioafidtall cohtba tbefietl i BRI gile Shnfchus bOP rhRRE and 2
during fabrication. 100171 FIGS. la-le illustrate

ross-section views of a bgortl on of a sem conductor
\Héﬁ“’i poriast  Qge pherdipsry skl dn e wh Sowsver will spprecintethabthe process
enbodi ment of the present invention. The process

RR@HPR HeRihhsy bdhsedVRE ilothating Bk GPRIHE LY Etrmt'eeﬁiatmag use
havi ng a substrate

metal-to-metal contacts, Accordingly, the specific embodiments discussed herein are
merely illustrative of specific ways to tnake and use the invention, and do not limit the
scope of the invention.

.[0016] The embodiments described herein are particularly useful in 65 nm designs
and smaller, As noted above, metal gates allow smaller channels due to the ability to
control the threshold voltage to a greater degree. In order to take fuall advantage of this
feature, however, it is necessary to form a good conductive connection to the contacts and
bo limit the inter-diffusion rate between the metal gate and contact, which is typically

metal. Accordingly, the present invention provides a conductive layer between 2 metal

gate and a metal contact. The conductive layer may be, for example, an elemental metal,
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102 with a transistor 104 fornmed thereon. The
substrate 102 is preferably a silicon substrate,
which is typically undoped, but nmay be |ightly doped.
O her materials, such as germanium silicon
germani um graded silicon gernmani um

sem conduct or-on-i nsul ator, carbon, quartz, sapphire,
and gl ass, oxide could alternatively be used for the
substrate 102. [0018[ Transistor 104 includes a netal
gate el ectrode 112 source/drain regions | 1S, and a

ate el ectri.c.la r med betvveen the gate
P ket HaL oxidhpoitieon, » sombingine Shesoopny th ke
'formad along the side of the gate electrodes 112. A

f I thé prefefted Enbodftfient]itRd Qmbiickife lalde B sl RWE suchdRat Wﬂ&ﬂ@ﬂchve
added to fill the gaps between devices and to -7 al

a subst‘%gtl al | y pl.anar surface. The planar surface of
 lpgerrg feigpdpyen opprpvide § betign Romtaptbetwsemihe mpjal gate and
chem cal rrechanl cal polishing (CVM?) wherein the gate

edhe ﬁkﬁ%ﬁta@tlﬂﬂ lpﬁﬁ‘td@s #arder Qﬂo Vi Rl intdd] tn WGt Hifeen the

shown in FIG la may be forrred by standar processes
known in the art and may conprise either NMOS
sTptelReigrand the matals cantact  Furtesmore,dn semaemboilinents diris desirable to
t her eof . [0019] The gate dielectri c 116 is preferably

aseféi:tgtl?n I&n'gf tﬁzl.tgﬁay dl.*.acan%ilﬁ{oiz ?abyer &n%gt gt?o% cont ai ni ng

mat erla gen-cont a

nltrogen contalnlng
0017} FIGS. la-le illustrate cross-section views of a portion of a semiconductor

wafer 100 during various steps of a first method embodiment of the present invention.
The process begins in FIG, la, wherein a semiconductor wafer 100 having a substrate
102 with a transistor 104 formed thereon. The substrate 102 is preferably a silicon
substrate, which is typically undoped, but may be lightly doped. | Other materials, such
ag germanium, silicon | germanium, graded gilicon germaniur,
sg:rﬂconductor—on—insulator, carbon, quartz, sepphire, and glass, oxide could alternatively
. be used for the substrate 102,
10018] Transistor 104 inclu.des a metal gate electrode 112, source/drain regions 118,
and a gate dielectric layer 116 formed between the gate electrode 112 and the substrate
102.  Spacers 120 are formed along the side of the pate electrodes 112. A first

interlayer dielectric (ILD) layer 122 may be added to fill the gaps between devices and to
. '




material, or the like. The gate dielectric 116 may

al so be forned of a transition netal oxide having a
di el ectric constant |ess than or equal to about 50.
The EOT of the gate dielectric 116 is preferably |ess
than or equal to about 50 A. [0020] The gate el ectrode
112 may conprise one or nore |layers, e.g., a dua

netal |ayer gate electrode, formed froman el ementa
netal, netal alloy, netal nitride, netal oxide, a
conbi nation thereof, or the Iike. Suitable materials

i nglude . titanium titani itride, | ybdenu )
¢ Sl Sqkstent Bl Sl sats ofh, mlanes e oftbe S Haver 122 i
ni obi um  zirconium tungsten, nickel, nolybdenum

n ﬁ'bqueatbr foraebdy & chetriidal h_ﬁ&ﬂdﬂhs@ ?Slblﬁﬁng (CMINGHekbN the gate electrode
pl ati num copper, erbium silver, palladium iridium

0 onbi nat.i on er eof re ,preferably, however,
{ R 5538 2B I et piops S FIE. e WY inforees Py fendard

alum num a conbination thereof, or the like, and is
| fr9osieh Ribwalin M8 b bnd @a Fiselditer NMIODS Athibfalel 850

[0021] A second ILD I ﬁee’rﬁiﬂlm i's depos‘ﬁt‘gﬁg’overs? o e,
first JLD layer 122 and the gate electrode 112. The

f Preepmpipgiop 8i6eepl. 122 and the second 1LD | ayer 124
typically conprise silicon oxide forned, for exanple,

bpogPostie gile {RGRMIYES 1S hem, 2l g r -
RRSTTT O B RRRTASE ARl | L SRR, paerid g
of FIG la after a contact hole 130 has been
silicon-containing material, an oxygen-containing material, a nitrogen-containing

material, or the like, The gate dielectric 116 may also be formed of a transition metal
oxide having a dielectric constant less than or equal to about 50. The EOT of the gate
dielectric 116 is preferably less than or equal to about 50 A.

[0020] The gate electrode 112 may comprise one or more layers, e.g., a dual metal
layer gate electrode, formed from an elemental metal, metal alloy, metal nitride, metal
oxide, a combination thereof, or the like, Suitable materials include titanium, titanivm
nitride, molybdenum, tantalum, aluminum, tantalum Initride, ruthenjum, niobium,
zirconium, tungsten, nickel, molybdenum nitride, cobalt, ruthenium oxide, magnesium,
platinum, copper, erbium, silver, palladium, iridium, or a combination thereof, More
preferably, however, the gate electrode 112 comprises zirconium, erbium, aluminum, a

combination thereof, or the like, and is less than or equal to about 100 A in thickness.
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formed in the second ILD | ayer 124. The contact hol e
130 provides a contact between netal |ines (not
shown) forned on the second ILD |l ayer 124 and
subsequent ILD layers (not shown). The second ILD

| ayer 124 is preferably patterned by photolithography
techniques as is known in the art. Generally,

phot ol i t hography techni ques i nvolves depositing a
phot oresi st material, which is masked, exposed, and
devel oped to expose portions of the second ILD | ayer
124, The remai ni ng photoresist material protects the
LERRHI i poonnd BHD IRyeriPbindensbitid questito frstabo behri? exdtiegate
such as etching. In the preferred enbodinent,

p oSt it Bl 1] reat t er ned
ToCqRRE RS TRREILD eybe128 Ind i fore 1 655, R4 SRRl e
may be an anisotropic or isotropic, etch process, but

p siidonroxisle foisd.afor @mingdd, g plepositioy teshaipeg soghesschefR2@bor
FIG 1c illustrates wafer 100 of FIG |b after a first

c [ ayer 140 has been forned. The first
co%gédt%{nid\;g])b'ayer 140 is preferably formed from an

el enental netal, netal alloy, netal silicide, netal

njou2d} de, FiGe b lilvetritehewatier 100D FItAtln QRert DEdmRQf hol© 130t 1RE be
li ke, Suitable materials include titanium titanium

n*tride lum aluminum tantal um

nlood e T e 2B B ot B A rodrm g geaset beween
ni ckel, nolybdenumnnitride, cobalt, ruthenium oxide,
MR b @bt sRbWR) fEril of HeR&6nd RIDOHN124 and subsequent ILD layers
(not shown). The second ILD layer 124 is preferably patterned by photolithography
techniques as is known in the art. Generally, photolithography techniques involves
depositing a photoresist material, which is masked, exposed, and developed to expose
portions of the second ILD layer 124, The remaining photoresist material protects the
mdﬂlﬁng material from subsequent processing steps, such as etching. In the preferred
embodiment, photoresist material is utilized to create a patterned mask to define contact
ll_mle 130. The eiching process may be an anisotropic or isotropic, etch process, but
preferably is an anisotropic dry etch process.
[0023] FIG. 1c illustrates wafer 100 of FIG. 1b after a first conductive layer 140 has

been formed. The first conductive layer 140 is preferably formed from an elemental

metal, metal alloy, metal siticide, metal nitride, metal oxide, 2 combination thereof, or the
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silver, palladium iridium or a conbination thereof
Furthernore, the .first conductive |layer 140 is
preferably not the sanme type of nmetal as the gate

el ectrode 112. In this manner, the first conductive

| ayer 140 may be selected such that the first

" conductive layer 140 may act as an adhesion | ayer

bet ween the gate el ectrode 112 and a second net al
l.ayer 150, which is discussed below wth reference to
FIG Id. In the preferred enbodinent in which the

gat e rode 112 is, forned of ,zirconium_ erbium
s YR, S Rl s o R emply Wl fntatu,
first conductive layer 140 conprises titaniumnitride,
t ahinidutn Bialiind enitrid,  FdRniuidk ©niobiBR2 AirediSn,| | thiibten, nickel,
conductive |ayer 140 may be forned, for exanple, 'by

spu ring.or, CVD. Preferably, the first metal |ayer

© RglspSeomg e, /:e,obﬂi)m g PR apagmssime platieum, Goppen, erbium,

[0025] in an alternative enbodi nent, the first

C Gifvat) phlladRir, 8108kn, bAH oY nAON RickeSE @ﬁ'ﬂéﬁﬁﬂt& QRAEG c%ﬁt%uctive

mat eri al such as polysilicon, anorphous si'licon, 0

the like, but preferably polysilicon. The polysilicon
bé d%&@@?ﬂb&dmﬁthp sgndotype pHimpieichs thogate rlastolie 112 hin this

first conductive |ayer 140 may be fornmed by depositing

URGNRE the R Yetlaheki - I r r m cal,.
vapor dgposiﬁggﬁ&%@¥§§%%? eéag% i%?ﬁﬁ%gﬁ&ﬁﬁﬁm@%“ﬁaﬁga
with

140 may act as an adhesion layer between the gate electrode 112 and a second metal layer

150, which is discussed below with reference to FIG, 1d. In the preferred embodiment
in which the gate electrode 112 is formed of zirconium, erbium, aluminum, a
combination thereof, or the like, the first conductive layer 140 comprises titanium nitride,

tantalum nitride, or the like.

[0024] The first conductive layer 140 may be formed, for example, by sputtering.or
CVD. Preferably, the first metal layer 140 is 50-100 A, but more preferably about 100
A

[0025] In an altemative embodiment, the first conductive layer 140 may comprise a
semiconductor material such as polysilicon, amorphous siﬁcon, ot the like, but preferably
polysilicon. The polysilicon may be deposited doped ot undoped. For example, the

first conductive layer 140 may be formed by depositing undoped polysilicon by
-10.



ot her n-type dopants, such as nitrogen, phosphorous,
arsenic, antinony, or the like, or other p-type
dopants, such as boron, alum num gallium indium or
the |ike. The, polysilicon nay al so be deposited, for
exanpl e, by furnace deposition of an in-situ doped
polysilicon. [00261 In this alternative enbodi nent, it
is preferred that the thickness of the first
conductive layer 140 is such that the ratio of the

t hi ckness- of the polysilicon to the thickness of the

gate el ect.rode, 112 j s nor ) equal. to ahouyt 3. .
PSP e R et G Ao e PO Bleoh g DR doped wit

[0027] FIG 1d illustrates wafer 100 after a second

nethé n-tygey/dupanks Gudhas nitegen, phaplasdub,cozeaid, dnfithofy, los the like, or

conductive |l ayer 140, The second netal |ayer 150 is -

pr.ef er abl formed froman el enental netal, t

s B Higany R iR g Pt TR o e b The

conbi nation thereof; or the Iike. Mre preferably, the

SgutsilidotMiyedisol b Yiegosiled Foi GG furnacdipRsitici A Rl doped

- materials include titanium titaniumnitride,

rnﬂ%ﬂﬁenwn tantalum alum num tantalumnitride,

r RIS M ni obi um  zi rconi um tungsten, nickel

mol ybdenum nitri de, cobalt, rutheni um oxide,

NRERSES| URD thiB sRérhaMVEemBdlhedtNit 19 He]ye%a tlhfpﬁlz kideknbtqof the first

iridium or a conbination thereof. -

conductive layer 140 is such that the ratio of the thickness of the polysilicon te the
thickness of the gate electrode 112 is more than or equal to about 3. Perferably, the
polysilcon layer is 300-1800 A,

[0027] FIG. 1d illustrates wafer 100 after & second metal layer 150 has been
“deposited on the first conductive layer 140,  The second metal layer 150 ig preferably
formed from an elementul metal, metal alloy, metal silicide, metal nitride, metal oxide, a
combination thereof, or the like. More preferably, the second metal layer 150 is copper.
Other suitable materials include titanium, titanium nitride, molybdenum, tantalum,
aluminum, tantalum nitride, ruthenim.n, niobium, =zirconmium, tungsten, wnickel,
molybdenum nitride, cobali, ruthenium oxide, magnesium, platinum, erbium, silver,

palladium, iridium, or a combination thereof.




[0028] The second netal |ayer 150 may be fornmed, for
exanpl e, by sputtering. or CVD Preferably, the second
netal |ayer 140 is deposited to a thickness sufficient
to completely fill the contact hole 130. [0029] FIG
le illustrates wafer 100 of FIG id after a

pl anari zation process has been perforned. One common
nmet hod of planarizing wafer 100 is by

chem cal - nechani cal polishing (CW). Thereafter,
standard processing techni ques, such as depositing and

BP0 " P PG s G50 o0 B Bl 35 xRl i o

sem conduct or device. ]0030] FIGS. 2a-2e illustrate
Vi3 s Peteeiblyo rhcweand nefal faygoldDiio depofited ts @ thicknesd waffficient to
waf er 200 during various steps of a second net hod

. enbadi t, of t resent invention. The process
Sﬁﬂﬁﬁggﬁﬂqﬁqﬁmggﬁg$ﬁgrein a seni conductor wafer 200
having a transistor formed thereon is provided,

VD020 n RiGikie ilhafrateeradea 10068716) 19 afefaplantizalibrqRombshiasiten
as discussed above with reference to FIG |a, except

BB ek Y k5T B SRR

- processes as is known in the art, [0031] FIG 2b

ipolighfig (EMPR  VIAbr@ified 0finOird plocessing tedlirliciies, dudhi dsSdepositing and
conductive | ayer 230 has been torned and patterned.

The first conductive |ayer 230 ii preferably forned
- ppidatning, metal layers, forming vias, and the like, may be utilized to compiete

fabrication of the semiconductor device.

- [0030) FIGS. 2a-2e illustrate cross-section views of a portion of a semiconductor
wafer 200 during various steps of a second method embodiment of the present invention.
The process beging in FIG. 2a, wherein 2 semiconductor wafer 200 having a transistor
formed theteon is provided, wherein like reference numerals refer to like elements as
discussed above with reference to FIG. 1a, except that the second ILD layer 124 has not
been formed on wafer 200, The wafer 200 may be formed by standard processes as is
known in the art,

[0031] FIG. 2b illustrates wafer 200 of FIG. 2a after a first conductive layer 230 has
been formed and patterned.  The first conductive layer 230 is preferably formed from an

clemental metal, metal alloy, metal silicide, metal nitride, metal oxide, a combination
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el emental netal, netal alloy, netal silicide, netal
nitride, netal oxide, a conbination .12 thereof, or
the like. Suitable materials include titanium
titaniumnitride, nolybdenum tantalum alum num
tantalumnitride, ruthenium niobium zirconium
tungsten, nickel, nolybdenumnitride, cobalt,

rut heni um oxi de, magnesi um pl ati num copper, erbium
silver, palladium iridium or a conbination thereof.
More preferably, however, the first conductive |ayer

230 conprises fitanrummnitride, tantalumnitrid or
bgeof R e 1k, Sobervapiaton e b B e iy iy
is preferably not the sanme type of netal as the gate
ek, Qtl@hirduky) tavkdlurh RitSde)RiHIf0m, hibiuh) fifbnite) wigtehiGckel,
| ayer 140 may be sel ected such that the first
condyctive |ayer 140, may act, as an, adhesjon | ayer and
v, nifrige,egobalh UHERHR ©Ride: FRreaesHL R GHR. FOPPCT, AT
second netal |ayer 150, which is discussed below wth
8} e heMaRint, Ridinfior £6bmbi@stAherddte Motk phofiuly] HEWEVLE the first
| ayer 230 may be forned, for exanple, by sputtering.

or CVD. Preferably, the second netal |ayer 140 is
serdpgiye Alayssu23thspmbrised fisguiym \nittde tantalugo Aittideg 3051 then like.
fornmed, the first conductive |ayer 230 may be '
RRbHeRhAS thedirst ThARERNe tayeI30 tsPré i h A bl 8 HBObAHEA as the
General 'y, a photoresi'st material  is deposited,

masked,
gate electrode 112.  In thiz manner, the first conductive layer 140 may be sclected such

that the first conductive layer 140 may act as an adhesion layer and a barrier layer
between the gate electrode 112 and a second metal layer 150, which is discussed below
with reference to FIG. 2d.

[0032] The first conductive layer 230 may be formed, for example, by quttaring. or
CVD. Preferably, the second metal layer 140 is 50-100 A, but more preferably about
100A

[0033) Once formed, the first conductive layer 230 may be patterned by standard
- photolithopgraphy techniques. Generally, a photoresist material is deposited, masked,
exposed, and developed to expose unwanted portions of the material first conductive
layer 230, which is removed by a subsequent etching process. In the preferred

embodiment in which the fitst conductive layer 230 is formed of titanium nitride,
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exposed, and devel oped to expose unwanted portions of
the material first conductive I|ayer 230, which is

- renoved by a subsequent etching process. In the
preferred enbodinment in which the first conductive
.layer 230 is fornmed of titaniumnitride, -13 tantal um
nitride, or the like, the etching process may be
performed by an anisotropic dry etch process 100341
In an alternative enbodi nent, the first conductive

| ayer 140 may conprise a .sem conductor material such
as polysilicon, amorphaous silicon, or the_ |ike, but
pPEtiap ZKTde, onshe ks the gighng ARG AR s nerfomied hygn fusotropic dry
~deposited doped or undoped. For exanple, the first

( kisve | ayer 240 may be formed by depositing
undoped polysilicon by LPCVD. The polysilicon may be
doped wi th other n-type dopants, such as nitrogen,
pAbhor k38 alterpgtive ppRodiment, thedissy conguctivg daypr 148 mag cogprise o
p-type dopants, such as boron, alum num gallium

| datlictiBuctaf métaﬁl bulok B qoﬂ@ﬁc&&ﬁ%ﬁﬁﬂdu?ﬁ 20F e HER buBhrterabl§
deposited, for exanple, by urnace deposition of an
in-situ dgﬁed pol ysilicon. [0035] In this alternative
envbsititane nhe palysilisorpmey be depdsited dppedne unérped n Fox exafmpichthe
first conductive layer is such that the ratio of the

4 S 4
Perferably, the polysilcon

The polysilicon may be doped with other n-type dopants, such as nitrogen, phosphorous,
arsenic, antimony, or the like, or other p-type dopants, such as boron, aluminum, gallinm,
indinm, or the like. The polysilicon layer may also be deposited, for example, by
furnace deposition of an in-situ doped polysilicon,

[0035] In this alternative embodiment, it is preferred that the thickness of the first
conductive layer is such that the ratio of the thickness of the polysilicon to the thickness
of the gate electrode 112 is less than or equal to about 3. Perferably, the polysilcon
layer is 300-1800 A.

[0036] FIG. 2c illustrates wafer 200 of FIG. 2b after a second ILD layer 240 has

been formed. The second ILD layer 240 typically comprises silicon oxide formed, for

example, by deposition techniques such as chemical vapor deposition (CVD). The




| ayer is 300-1800 A. [0036] FIG 2c illustrates wafer
200 of  FIG 2b after a second ILD | ayer 240 has been
formed. The second ILD | ayer 240 typically conprises
silicon oxide forned, for exanple, by deposition
‘techni ques such as chemical vapor deposition (CVD).
The -14 second ILD layer 240 is preferably about 1000
A to about 6000 A in thickness, but nore preferably
about 4000 A in thickness. 100371 FIG 2d illustrates
waf er 200 of FIG 2c after a contact hole 250 has been
formed in the second LD | r"%40 The s cond | LD

| 1R 2 es 245 g mestemly, st 190D Ao shoye G908 ol Pechiggisp by

technlques and etching as is known in the art. The

a6 bRErdblyASE 3000 th&nasWet or dry, anisotropic or
i sotropic, etch process, but preferably is an

anlsotroE*f _g etch process. G50038 In this
el nelC. 2¢ Hivstrates syafer 3AQ) € FIGy 2c mBgreyr contsg helpy 254 des hesn
an etch stop |ayer when form ng the contact hol e 250.

m?ﬁ[dril? fhe WRLASI D Rr $40C NTIE QEGRTLESer 2488 bre el ﬂ?%aﬁemad
pre

erably has a high etch selectivity between
second ILD | ayer 240 and the first conductive |ayer
Zarhgiglithography tephiquernend sishing B3 8 ke in 4@ arts  Bheciirhing process
hi gher rate than the first conductive |ayer 230. One

Shiy b8 8 &NEy2ldisotblid of YSokBRE, ARPHREE Gut (Fibrably is an
anisotropic dry etch process.

[0038] In this embodiment, the first conductive layer 230 may act as an etch stop
layer when forming the contact hole 250. In other words, the etch process described
above preferably has a high etch selectivity between the second ILD layer 240 and the
first conductive layer 230 such that the second ILD layer 240 is etched at a higher rate
than the first conductive layer 230, One skilled in the art will further appreciate that
because an etch stop layer is utilized, the etching process does not damage the gate
clectrode 112, thereby providing more predictable and consistent operating
characteristics.

[0039] FIG, 2e illustrates wafer 200 of FIG. 2d after a second metal layer 260 has
been deposited on the first conductive layer 230. The second metal layer 260 is

preferably formed from an elemental metal, metal alloy, metal silicide, metal nitride,
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because an etch stop layer is utilized, the etching
process does not damage the gate electrode 112,

t hereby providi ng nore predictable and consi st ent
operating characteristics. [0039] FIG 2c illustrates
wafer 200 of FIG 2d after a second netal |ayer 260
has been deposited on the first conductive |ayer 230.
The second netal |ayer 260 is preferably fornmed from
an elenmental netal, netal alloy, nmetal silicide, netal
nitride, -15 netal oxide, a conbination thereof, or
the like. Myre preferably, the second netal |ayer ,.260
ety g corapination hgpepl g e ke MPIEPERSRYRY, i aecord e IRYer

titaniumnitride, nolybdenum tantalum alum num

t 50 tsdopitr. Nicithidr Sfitable WialkAE B HtRDIn Atanfid K@idE, biblybdenum,
tungsten, nickel, nolybdenumnitride, cobalt,

rut heni um oxi de, magnesium platinum ,erhium silver,
prantaburey; alpmingng, tantalpe niggideg ruthepigmmiohivn, irkerwgstungetsp Apgkel
The second netal |ayer 260 may be forned, for exanple,
o1daktub hikefid; osYalt, fuiflehimR! GidR! BRbnésiuth NElaBeD NkbitiR! Alver,
| ayer 260 Is deposited to a thi ckness sufficient to
fill the contact hole 250. In one enbodi nent in which
trtaladign irdiem, Bt wmpietigndhesawbut 4000 A in thickness and
about 90 A in width, the second netal |ayer 260 is

E’(flﬁlﬁ)ﬁ{)abllhx sy laﬁé ZB@u%gyI’Aolnﬁ&? £ ekdngid) by p@RAng. or

ut re preterably about hi ckness.

CVD. Preferably, the second metal layer 260 is deposited to a thickness sufficient to fill
the contact hole 250. In one embodiment in which the contact hole 250 is about 4000 A
i;l thickness and about 90 A in width, the second metal layer 260 is preferably about 10 A
to about 600 A  in thickness, but more preferably about 300 A in thickness,

[0041] FIG. 2f illustrates wafer 100 of FIG. 2e after a planarization process has been
formed. One common method of planarizing wafer 100 is by chernical-mechanical
polishing (CMP) usingr a oxide shurry. Thereafter, standard processing techniques, such
as depositing and- patterning metal layers, forming vias, and the like, may be utilized to
complete fabrication of the semiconductor device.

[0042] In the foregoiﬂg specification, the invention has been described with
reference to specific embodiments. However, various modifications and changes can be

made by one skilled in the art without departing from the scope of the present invention.
-16-




[0041] FIG 2f illustrates wafer 100 of FIG 2e after
a planarization process has been forned. One common
nmet hod of planarizing wafer 100 is by

chem cal - mechani cal polishing (CW) using a oxide
slurry. Thereafter, standard processing techniques,
such as depositing and patterning netal |ayers,
formng vias, and the like, nay be utilized to

conpl ete fabrication of the sem conductor device.
100421 In the foregoing specification, the invention

has hee escr,i._bed wt reference to specific

A oREl, BE rerigegon pd Seaeh G5 SRORPHoS it P rather than

changes can be nade by one skilled in the art w thout

Che fodtfittive Gedst, 0aiid tallesueiC M@ ficktiodsge RiASRNTo HeNM@idel hthin the

-16 Accordingly, the specification and figures are to
ded in ,an jllustrative rather than a

be rega ) : .
1o, Gt i, PRSs, Hugntion, Fos eRarai, FYhil, et peEsgnt iphepsing bss ben
intended to be included within the scope of the
PIRESR with teBleh@to HIRcatB% A RinSistolMi {s Qi Roft! BHEME present
invention has been illustrated with reference to
fabricating a transistor, it is understood that the
pReglis; may gef entendsd tpefgbrisate aitipled Bensistgrst eibpiheratemiconductor
mul tiple transistors or other sem conductor

Shrhdifrbstin Seidn e Woling !%e'aﬁva\ﬁﬁkn’éggs {B%ﬂs‘evﬂ&aﬁ%%ﬁ% teftal contact
utilize metal portion to tal contact * structure.

[ 00431 Although particul ar enbodi nents of the
iSHNae.i on have been described in

[0043] Although particular embodiments of the invention have been described in
detail, it is understood that the invention is not limited correspondingly in scope, but
includes all changes, modifications, and equivalents coming within the spirit and terms of
the claims appended hereto, For example, differing types of materials and differing
thicknesses may be, and the like. Accordingly, it is understood that this invention may
be extended to other structures and materials, and thus, the specification and figures are

to be regarded in an illustrative rather than a restrictive sense.
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detail, it is understood that the invention is not
limted correspondingly in scope, but includes al
changes, nodifications, and equival ents comng wthin
the spirit and ternms of the clains appended hereto.
For exanple, differing types of materials and
differing thicknesses may be, and the I|ike.
Accordingly, it is understood that this invention nay
be extended to other structures and materials, and
thus, the specification and figures are to be
regarded in an illustrative rather than a restrictive
S ISCRAIMEIAS: | S CLAIMED IS 1. A seni conduct or

devi ce conprising: a sem conductor substrate having a
transi stor forned thereon, the transistor having a
net al Agamizoreuetsi deeideconprisinit er | ayer di el ectric over
the netal gate electrode; and a contact hole forned
through t.he,interl a dielectri 0 tal ga

ol eot P BHEORYhs iRl reiog  HEcautor oG et B9 B 1
first metal |ayer and wherein a conductive layer is

. fnsing A meekkabaeloeess; t he first nmetal |ayer and the netal
gate el ectrode. 2. The sem conductor device of claim

1, whereij ni n1f ature size i.s |l ess than or
e qual BBt st el i wsiroad and

a contact hole formed through the interlayer dielectric o the metal gate electrode,
wherein the contact hole is filled with a first metal layer and wherein a conductive layer

is positioned between the first metal layer and the metal gate electrode.

2, The gemiconductor device of ¢laim 1, whersin a minimum feature size is less than
or equal to about 65 nm.
3. The semiconductor device of ¢laim 1, wherein the metal gate slectrode is formed

of a material selected from the group consisting of an elemental metal, a metal alloy, a

metal nitride, a metal oxide, and a combination thereof.

4, The semiconductor device of claim 1, wherein the metal gate electrode is formed
of a material selecied from the group consisting of titanium, titanium nitride,

molybdenum, tantalum, aluminum, tantalum nitride, ruthenium, niobium, zirconium,

-18-




3. The sem conductor device of claim1, wherein the
nmetal gate electrode is forned of a material selected
fromthe group consisting of an elenental netal, a
netal alloy, a netal nitride, a netal oxide, and a
conbi nation thereof. 4. The sem conductor device of
claim1l, wherein the netal gate electrode is forned
of a material selected fromthe group consisting of
titanium titaniumnitride, nolybdenum tantal um
alum num tantalumnitride, ruthenium niobium
zirconium -18. tungsten, nickel, nolybdenumnitride,
clokgsten, pickelialyhdenunbsitride, cobplfgrbanivmpxide, megnesinm, Pefinpey
erbium silver, palladium iridium and a conbination
H%Eée? Qf‘buérh siTJé? ?aH}uﬁP L Bdd E%Mbl oﬂfthe%f" ml,

: gin the con uctlve ayer 1s po yS|I|con

nol ybdenum alunlnun1 rut heni um ni obi um zirconi um

tungsten, nickel, ybdenum nitride, cobalt
riat he BRessTisQuduetor %ﬁ@%‘%l Wherin the,sanductipplayer ispolypilisan
S|Iver pal ladium iridium titanium titanium

Hdetﬁm L1afinath Wihedthl, Hidbilm, z4RRA WARsRhLGhde nlly b&num
ination thereof. 6. The sem conductor deV|ce of

cIa|n11 wherein the conductive |ayer is pol¥3|llcop,
Antrige, eqhalbirathenivm eide, magnesium, platipesy copperyetbiim, silver, pilladiome
netal nitride, a netal oxide, or a conbination

tiﬁﬁﬁxﬁ,qrtmﬁum, titanium nitride, tantalum, aluminum, tantalum nitride or a combination

thereof.

. 6. The semiconductor device of ¢laim 1, wherein the conductive layer is polysilicon,
an elernental metal, a metal alloy, a metal silicide, a metal nitride, a metal oxide, ora

- combination thereof.

- 7. The semiconductor device of claim 1, further comprising a gate diclectric between

the metal gate electrode and the semiconductor substrate.

8. The semiconductor device of claim 7, wherein said gate dielectric layer is

transition metal oxide and has a dielectric constant less than or equal to about 50.

9, The semiconductor device of claim 7, wherein said gate dielectric has an EOT

thickness less than or equal to about 50 A.
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7. The sem conductor device of claim1, further
conprising a gate dielectric between the netal gate

el ectrode and the sem conductor substrate. 8. The

sem conductor device of claim7, wherein said gate
dielectric layer is transition netal oxide and has a
dielectric constant |ess than or equal to about 50. 9.
The sem conduct or device of claim7, wherein said gate
di el ectric has an EOT thickness |ess than or equal to
about 50 A. -19 10. The sem conductor device of claim
7, wherein said gate dielectric is a
silicon-contajining material, an_oxygen-containing

ik er Tha semigpndyotar devise efelain 7o wheprinagid erigdislsctiic 188117 The
sem conductor device of claim1l1l, wherein the
Cﬁ&gﬂ-%l’g\ﬁ&é 1A&1al, b 0fygBRdchiafing nA¥BE] orhitrobBEcontaining
sem conductor device of claiml, wherein the
conductive |ayer is an adhesion |ayer. 13. The
smatetisbnduct or device of claim 1, wherein the
conductive layer is larger than S A-in thickness. 14.
The sem conduct or device of claim1l, wherein the

cANAdUghd dRickadibibr doFick 65utaith N Auherein the conductive layer is a barrier
Iayer.
12,  The semiconductor device of ¢laim 1, wherein the conductive layer is an adhesion

layer.

13.  The semiconductor device of claim 1, wherein the conductive layer is larger than

5 A in thickness,

14,  The semiconductor device of claim 1, wherein the conductive layer is less than

500 A in thickness.

15,  The semiconductor device of claim 1, wherein the first metal layer i3 an elemental
metal, 2 metal alloy, a metal silicide, a metal nitride, a metal oxide, or a combination

therenf. %
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500 A in thickness. 15. The sem conductor device of
claiml1l, wherein the first netal l|ayer is an el enental
netal, a netal alloy, a netal silicide, a netal
nitride, a netal oxide, or a conbination thereof. -20
16. The sem conductor device of claim1l, wherein the
first nmetal layer is nolybdenum alum num ruthenium
ni obi um zirconium tungsten, nickel, nolybdenum
‘nitride, cobalt, ruthenium oxide, magnesium platinum
copper, erbium silver, palladium iridium titanium
titaniumnitride, tantalum tantalumnitride or a

conmbi pation thereof, -21.17, A pethod of formng a
BT o Shtps g devie SR Lot BB rger B
providing a substrate; formng a gate dielectric on

t AGybRlS, §lddhn R QThERing, fobitd, SircofidinCufgsh  HiQEemelbdeian
gate dielectric; formng source/drain regions on the
substrate adjacent,_to the netal gate eI%ptrQ e; )
IR, ARPalTutheRiER pXidromamesli lapim. SpPPer, eroHEY §fverBaliadium,
el ectrode; formng a contact hole in the interlayer
Chti @il Gk, Sibhaiher fidille, BhtaluBRBhtaRmRRFYd @R cBhibihd¥Rn thereof.
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contact hole is above the netal gate el ectrode;
formng a conductive layer in the contact hole such
that the conductive layer is in electrical contact
with the netal gate electrode; and form ng a netal
contact on the conductive layer in the contact hole.
18. The nmethod of claim 17, wherein a m ninum feature
size is less than or equal to about 65 nu. 19. The
nmet hod of claim 17, wherein the netal gate el ectrode
is formed of a material selected fromthe group
consisting of an elenental netal, a netal alloy, a
net al

itrid . t al i de, . i nati
Fler o drmethodsFghing copistar et By PG coWROVIE n  ho

netal gate electrode is forned of a material selected
from phridiHzQWEbsERE)Si Sting of titanium titanium
nitride, MIlybdenum tantalum alum num tantalum
nitride,, ruthenjum niobium zirconium tungsten,

ni ckeformipgegpadistsekingm b YBskobal t, rut heni um oxi de,
magnesi um plati num copper, erbium silver,

pal | agiiig ametaflbA BlecRi of tHe QMR RREMON t hereof, 21. The
nmet hod of claim 17, wherein the conductive |ayer is
pol ysi licon, nolybdenum alum num ruthenium

ni obi fmningseuses(iaihiesionson Shosubetrpr adiwent thihe ppakaitgslectrode;

forming an interlayer dielectric on the metal gate electrode;

fortming a contact hole in the interlayer dielectric such that at least a portion of the
contact hole ia above the metal gate clectrode;

forming a conductive layer in the contact hole such that the conductive layer is in
electrical contact with the metal gate electrode; and

forming & metal contact on the conductive layer in the ¢ontact hole.

18, The method of claim 17, wherein & minimum feature size i3 less than or equal to

about 65 nm.

19,  The method of claim 17, wherein the metal gate electrode is formed of a matetial
gelected from the group consisting of an clemental metal, a metal alloy, a metal nitride, a

metal oxide, and a combination thereof,
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nitride, cobalt, ruthenium oxide, magnesium platinum
copper, erbium silver, palladium iridium titanium
titaniumnitride, tantalum tantalumnitride, and a
conbi nati on thereof. 22. The nethod of claim17,
wherein the conductive layer is polysilicon, an

el emrental netal, a netal alloy, a netal silicide, a
netal nitride, it netal oxide, or a conbination
thereof. 23. The nethod of claim 22, wherein the gate
dielectric is fornmed of a transition netal oxide and
has a dielectric constant |ess than or equal to about

5 2 Th od,of .claim 17 rein the t.e .
o701 & PRl S Do oP T A e e Sk h el & patei
to about 50 A -23 25, The nethod of claim 17, wherein
t bl @ fom ek atp CorsBtingsof Gtafiinin] Stakns AKHIR) e, hiakin,
an oxygen-containing material, or a
nitrogen-cqQntajnjng.material. 26, The nethod of claim
SR A R AP, BopiumepgstemTBkel oy er
27. The nmethod of claim 17, wherein the conductive

| AY9Bdehsin Alide HoBd, AMhehiakide, Aeneding, FRIBAC oPHer, Criin
17, wherein the conductive layer is about 5 to about
500 X in thickness. 29. The nethod of claim17,
whizptepaliadivra. iridiym, and g ppmbinationthereple| epent al nmetal , a

met al :

21.  The method of claim 17, wherein the conductive layer is polysilicon,
molybdenum, aluminum, ruthenium, niobium, zirconiwm, tungsten, nickel, molybdenum
nitride, cobalt, ruthenium oxide, magnesium, platinum, copper, erbium, silver, palladiun,

iridium, titanium, titanium nitride, tantahum, tantalum nitride, and a combination thereof.

22, The method of ¢laim 17, wherein the conductive layer is polysilicon, an elemental
metal, 2 metal alloy, a metal silicide, a metal nitride, a metal oxide, or a combination

| thereof.

23,  The method of claim 22, wherein the gate dielectric is formed of a fransition

metal oxide and has a dielectric constant less than or equal to about 50.

24.  Themethod of claim 17, wherein the gate dielectric has an BQOT thickness less

than or equal to about 50 A.
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alloy, a netal silicide, a netal nitride, a netal

oxi de, and a conbination thereof. 30. The nethod of
claim17, wherein the nmetal contact is fornmed of a
material selected fromthe group consisting of

nol ybdenum al umi num rut heni um ni obium zirconi um
tungsten, nickel, nolybdenumnitride, cobalt,

rut heni um oxi de, magnesi um plati num copper, erbium
silver, palladium iridium titanium titanium
nitride, tantalum tantalumnitride, or a conbination
thereof. -24 31, A nmethod of form ng a sem conductor

Vi G OVIdI strate
48t ooy SEROR PR B Ok Bi ) FURRnBHePh,
having a netal gate; providing a first conductive
~ Inatedal, mroxydee-condinibg gakeral,au 6 hitbfeatcostbining amteridl. porti on
of the first conductive layer is in electrica
contact with the metal gate; depositing an interlayer

giel [ k ng a
o M L S S
the contact hole exposes at |east a portion of the
. first _conductive Iayer and formng a netal contact on
ghe fihe Qethadpirlaimily.ovhersinghe sopduchive l%mea%edlﬁm@ayeaz
The nmethod of claim 31, wherein structures fornmed on
the substrate have a

28,  The method of claim 17, wherein the conductive layer is about 5 to about 500 A

in thickness.

29.  Themethod of claim 17, wherein the metal contact is an elemental metal, a metal

alloy, 2 metal silicide, a metal nitride, a metal oxide, and a combination thereof,

30.  The method of claim 17, wherein the metal contact is formed of a material
selected from the group consisting of molybdenutn, aluminum, ruthenivm, niobium,
zirconium, tungsten, nickel, molybdenum nitride, cobalt, ruthenium oxide, magnesium,
platinum, copper, erbium, silver, palladiﬁm, iridium, titanium, titanium nitride, tantalum,

tantalum nitride, or a combination thereof,
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m nimum feature size is less than or equal to about 65
run. 33. The nethod of claim 31, wherein a dielectric
| ayer is positioned between the nmetal gate and the
substrate. 34. The nethod of claim 33, wherein the
first conductive layer is an elenental netal, a netal
alloy, a netal silicide, a netal nitride, a netal

oxi de, or a conbination thereof. -25. 35, The nethod
of claim 34, wherein the dielectric layer is fornmed of
a transition netal oxide and has a dielectric constant
| ess than or equal to about 50. 36. The nethod of

LSl BB S e

met hod of claim 33, wherein the dielectric layer is a
si |'i cpovidifgi auibstiaRthetig € trinaistor dfinedXiyE0N; tOMRnaistor aging a
material, or a nitrogen-containing nmaterial. 38. The
met hod of claim 31, wherein the first conductive |ayer
et B¥Sr rier layer. 39. The nethod of claim 31,
wherein the first conductive |ayer is an adhesion

| ay erprovidifl o filkcoiBichRday?f orcthexhél Zdic st BizChtileskthiSoftion 64
conductive layer is nore than about 5 A in thickness.
41. The nethod of c|laim 31, wherein the first

Ly firws condyetive lpyenis ingleptieal cqnfpghivithshe metpl gate;

depositing an interlayer dielectric on the first conductive layer;
forming a contact hole in the interlayer dielectric such that the contact hole
exposes at least a portion of the first conductive layer; and

forming a metal contact on the first conductive layer in the contact hole.

32.  Themethod of claim 31, wherein structures formed on the substeate have a

minimum featurs size is less than or equal to about 65 nm.

33.  The method of ¢laim 31, wherein a dielectric layer is positioned between the

'metal gate and the substrate.

34.  The method of ¢claim 33, wherein the first conductive layer is an elemental metal,

a metal alloy, a metal silicide, a metal nitride, a metal oxide, or a combination thereof.
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thi ckness. 42. The nethod of claim 31, wherein the
nmetal gate is an elenental netal, a netal alloy, a
netal nitride, a metal oxide, or a conbination
thereof. -26 43. The nmethod of claim 31, Werein the
netal gate is nol ybdenum alum num ruthenium

ni obi um zirconium tungsten, nickel, nolybdenum
nitride, cobalt, ruthenium oxide, nagnesium

pl ati num copper, erbium silver, palladium iridium
titanium titaniumnitride, tantalum tantalum

ni tride, or a corrbi nati on thereof. 44. The nethod of

EII EENT AT S PR R

pol ysilicon, an eI errent al nmetal, a netal alloy, a

st bxité dndineken diglectitt cahstanilesiahan aneual t6 sbwhi J0at | on
thereof. 45. The nethod of claim 31, wherein the netal
contact is poI ysilicon, nol ybdenum al um num

5 o PR, PP e BSR lh

rragneS| um pI ati num copper, er bi um silver,
pkdnloaetjuelng aboui WAim titanium titaniumnitride,
tantalum tantalumnitride, or a conbination thereof.

37.  The method of claim 33, wherein the dielectric layer is a silicon-containing

material, an oxygen-containing material, or a nitrogen-containing material,
38.  Themethod of claim 31, wherein the first conductive layer is a barrier layer.
39.  The method of claim 31, wherein the first conductive layer is an adhesion layer.

40.  The method of claim 31, wherein the first conductive layer is more than about § A

in thickness.

41,  The method of claim 31, wherein the first conductive layer is less than 500 A in

thiclmess.

42.  The method of ¢laim 31, wherein the metal gate is an ¢lemental metal, a metal

2lloy, a metal nitride, a metal oxide, or a combination thereof,
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43,  The method of claim 31, wherein the metal gate is molybdenum, aluminum,
ruthenium, niobium, zirconium, tungsten, nickel, molybdenum nitride, cobalt, rathenium
oxide, magnesium, platinum, copper, erbium, silver, palladium, itidium, titanium,

" titanium nitride, tantalum, tentalum nitride, or a combination thereof,

44, . The method of claim 31, wherein the metal contact is formed of a material
selected from the group consisting of polysilicon, an elementat metsl, a metal alloy, 2

metal nitride, a metal oxide, and a combination thereof,

45.  The method of claim 31, wherein the metal contact is polysilicon, molybdenum,
aluminymm, rithenfum, niobium, zirconinm, tungsten, nickel, molybdenum nitride, cobalt,
ruthenium oxide, magnesium, platinum, copper, ethium, silver, palladivm, iridium,

titanium, titanium nitride, tantalum, tantalum nitride, or a combination thereof.
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