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 devi ces. BACKGROUND [ 0002)

Conpl enent 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
integratgﬁg%fﬁ circuits today. Current CMOS

transi st ytrgetureandiethod of Mamefactire gat e
el ectrode for both NI\/DS and PMOS transi stors, wherein
the polysilicon is doped with an N-type dopant to
fommmtors and is doped with a P-type
dopant to form PMOS transistors. [0003) An i nterlayer

di tr| [ Ri formed over the

t r[gnog st (;I?ls p§“‘g‘?§ ‘“"C%‘m”yﬂf%ﬁ %Pe‘“’%’PPﬁé’GmF Medtrgand more
interlayer dielectric to the polysilicon gate
eIpatticulastydo a métakbcontot sradturd Fod Ose idbenidoniotorUbmecsi | | ed

with a nmetal, such as copper or tungsten. To inprove

t betmeen the netal and the polysilicon, the
surrace he polysilicon is frequently sllicided.

[ 0004) Polysilicon gates, however, often exhibit gate

dgen2)t | OTomploRkRAy #idM1-Blide-semiconductor (CMOS) technology is the

- dominant semiconductor technology used for the mamifacture of ultra-large scale
integrated (ULST) ocircuits today, Current CMOS fransistors typically utilize polysilicon
as the gate electrode for bqth NMOS and PMOS transistors, wherein the polysilicon is

| doped with an N-type dopant to form NMOS transistors 2nd is doped with a P-type
dopant to form PMOS transistors.

[0803] An interlayer diclectric is typically formgd over the CMOS transistors, and
confact plugs are formed through the interlayer dislectric to the polysilicon gate electrode,
| The contact plugs are typicatly filled with ; meﬁl. 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 thieshold vollage. 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. [0005] In
an attenpt to solve these problens, attenpts have been
made to utilize mnmetal gates. The netal gates
generally allow smal |l er channel designs and allows for
t hgate mgyt bendoped isORmEd, alGeh ﬁﬁﬁ% e .by, for
exanpl e, utc?l i Zi ng ddl’ffergﬁt %f%ﬁ‘%géflﬁ&mﬂ%i’?ﬂ&rwdd

opve&%%i gf%f characteristics. [0006] The operating
QPR fisETtiels theapmqust, ther bee b pdysilivont stacturefsuch as

nmetal gates, however, may be altered by interlayer

NpbiRdilicen BiAChSy bedbGided Ne Work function of the netal

gates is altered, It Is difficult to design circuitry
that operates in a known and predictable manner. This

pi®lem Betostismptrtr eolve hes iprbler®, dtemp@tHabe beddGHid8 35 utilize

such as 65 nm and bel ow desi gns, in which changes In

t ek PG ' dramatic effect on the
operat i on o? %ﬁg&agﬁ%@yﬂ[l%ﬁ’ﬂuw}wweWﬁrﬁe
need for a netal contact structure such that the work

I?ﬁ?&' offthet theeslyad @olage By, 6 karhyile, histhe Bltkedlot Yrotats having
different operating characteristics,
[0006]  The operating characteristics, particularly the work function, of metal gates,
- however, may be altered by interlayer metal contaots, When the work function of the
‘metal gates is altered, it is difficult to des.ign circuitry that operates in a known and
ﬁredictable manner.  This problem becomes more troublesome in smaller designs, such
a8 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 2 metal contact structure such that the work

function of the gate electrode is substantially retained,



-2 SUMVARY OF THE | NVENTI ON [ 0008] 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. [0008a] In one aspect,
there is provided a nethod of form ng a sem conduct or
device, the method conprising: providing a substrate
havimes &y ‘Orensk arerntTriged thereon, the transistor
having a netal gate; providing a first conductive
Iﬁyer on the netal gate such that at |east a portion
dP0q8h dheseragd Oéh?ﬁ@aﬂ&’?wp ayeerallysredueed| sobred jog gircwienigd and
with the netal gate; depositing an interlayer

dicghRAtdal St Hds %e%eﬁérﬁlﬁt achRREH %S/ieg‘lﬁyg iﬁ')éﬁ{s,;offtl%rﬁgét ig}.'ention,

contact hole in the i'nterlayef ectric suc

the contact hol e exposes at |east a portion of the
fhid Prevideg dangtaldomelab eontagh g Birqion gsedn Aurigpndueiat deyiceon
the first conductive layer in the contact hole.

[SR8R I bR 2PEct ANBON FEATAN mdthS FEGARRY 2 LIUEINER defice,
contact structure is formed through an interlayer
dielectric to a nmetal structure formed on a substrate.
theansfiadgompgisipg greiidinga yutissate hayingecangisior faampdthateon shee
el ectrode of a transistor of an internediate netal

lt@ﬂs@srtor%ﬂhgﬁ el gate;_-rﬂl%vfag{/étg?ﬁgt c§1'i(qu&\§eH£&r Bh ﬁfe%&ﬁ Ig)fte such

conprises a condictiVve

that at least a portion of the tirst conductive layer is in electrical contact with the metal
gate; depositing an interlayer dielectric on the first conductive layer; forming a contact
- hole in the interlayer dieleétric 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.

[0009] In one embodiment of the present invention, a contact structure is formed
through an interlayer dielectric to a metal structure formed on a substrate. The metal
structure may be, for example, a metal gate electrode of a transistor ot 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,
metal nitride, metal oxide, or a combination thereof. In an alternative embodiment the
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positi oned between a netal contact and the netal
structure. In one enbodi nent, the conductive |ayer
may be, for exanple, an elenental netal, netal all oy,
netal silicide, netal nitride, netal oxide, or a
conmbi nation thereof. In an alternative enbodi nent the
-3 conductive |layer may be fornmed of polysilicon.
[0010] In a first enmbodinent, a metal structure, such
as a netal gate electrode, is formed in accordance
Wohdlucki RO er 942 7E of StfMicBCS. An i nter | ayer
dielectrit layer can be ornmed over the netal
structure, and a contact hole is fornmed through the
i[AQ 1Y Ingay st crabadinesnt, o reetal lsanasure Hsucinas aametglt gatecdagtrede, & formed
conductive layer can be forned in the contact hole,

. e Ll . _
i It Ry oSl s 1] oot layer can be
conductive |l ayer may be, for exanple, an el enental
rfegmed ovee thel meth] sigpcturerandip contegtchadeis fopuedithrargh the interlayer
nitride, netal oxide, or a conbination thereof. In an

ShASSeLE it . NS GANNEH K LEXEREL p r

a metal structure, such as a netal gate electrode, is
fholenaad  tHe anvoetdbele emayi bh ikrfdled with ce soidugtitee phateiighuds . one
A conductive | ayer can be

embodiment, the conductive layer may be, for example, an elemental metal, metal alloy,

metal silicide,
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formed and patterned over at |east a portion of the
~metal structure. An interlayer dielectric |ayer can
be formed over the netal structure, and a contact hole
may be formed through the interlayer dielectric above
the nmetal structure. The contact hole can be filled
with a conductive material. In one enbodi nent, the
conductive | ayer maybe, for exanple, an el enental
netal, netal alloy, netal silicide, nmetal nitride,
m?ﬁléﬂil HE Guetfd bxiBe, of @ BRI AMr Qe 8Rfn allefhafiPe embodiment, the
alternat|ve embodi nent, the conductive layer is formed

l'ico -4 BRI EF DESCRI PTI ON OF THE DRAW NGS
[6@T§) é%?“%1%§F%“H3WBW§P@mUnderstand|ng of the
present invention, and the advantages thereof,

r gherigraa second anbmﬁaltt@ntcmtrﬁahteowcm& .@Iﬁa@rgameﬂ&&ade is
taken |n conj unction with the acconpanying draw ngs,

013 la-le are cross-sectiQn Vviews
é?o[f$ é %t"i“ﬁ‘é”’%%ﬁ’%‘é Pes: ASPRTUSHVedayrEfap be
contact structure in accordance with a first

efshael smafhtahed dver fras@Portidndf @il stradtere] QG lidjerlieES.
2a-2f cross-section views of a wafer illustrating a

pr.ocess. of form.n tal contact structure in

RUBIEER e <o PR oame ok the izt Sr¥RBHE: 48 2 ppach helg By bo formed
i nventi on.

through the interlayer dielectric above the metal structure. The contact hole can be 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 alternative embodiment, the conductive layer is formed of

polysilicon.



-5 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

[ 0015] The maki ng and using of the presently preferred
enbodi nents are discussed in detail below It should
be appreci ated, however, that the present invention
provides many applicable inventive concepts that can
be enbodied in a wde variety of specific contexts.
In particular, the method of the present invention is
described in the context of formng a netal-to-netal

C tructure of a transistor
a%ﬁkﬂxmﬁt}?ﬁﬁmgor dinary skill in the
ar I reci,at.e that_,the proces

cdbonaf DO . ol coBARE FreBivindind” ot i e oo and tho
devrce or structure that may use netal-to-netal

codreatagss. théwaf) meferendeyis ddvenadeed RicC fMoRRg! dBRfpions taken in
di scussed herein are nerely illustrative of specific

e.and use the inventi and do not limt
tﬁémmgg%ngh%ﬁh © fGraTPAYES, S‘F [“CYG‘?@") The enbodi nent s

descrlbed herein are part|cularly useful in 65 nm

- desnisins RGOS BRR] b lerosdectidt At bBPY ewafél-eﬁlﬁétra&?gt £

aIIomrsnaIIer channels due to the ability to ng‘ﬁ
threshold vol t age a greater degree. In order to
g & mpetal foulAgt sus %69 P@gmpemﬂu p dirst fembediment of theipsesent

necessary to fornra good conductive connection to the

Caiwbiehsn@dnd to limt the inter-diffusion rate

between the netal gate and contact, which is typically

[0014) FIGS. 22-2f orogs-section views of 8 wafer illustrating a process of forming a

metal contact structure in accordance with 4 second embodiment of the present invention.



St

metal . Accordingly, the present invention provides a
conductive | ayer between a netal gate and a netal
contact. The conductive |layer may be, for exanple, an

el enental netal, -6 netal alloy, netal nitride, netal
oxi de, polysilicon, a conbination thereof, or the
like. In the preferred enbodi nent, the Conductive

| ayer is selected such that the conductive |[ayer
provi des an adhesion |layer to provide a better contact

PR ROk A AR 7L o
o RSB oo o RS 00 8 e

select a material that provides an etch stop |ayer
diimr deteg] teboor ilicshbuldrbe apfrediatdd, hbwaSer, kit HR préskit ShveRid provides

cross-section views of a portion of a sem conductor

fer, 100, during various steps of a first method .
%ﬁﬁ@%‘%&*@ PPese that con e Arpbodied inw wider variety of specific
begins in FIG Is, wherein a sen conductor wafer 100
héonterty, aln%hﬂﬁsﬁlirﬁﬂaemeﬂ@@oméﬁa&ttiﬁ@ﬁh‘%}nfhf RboribSftinled ISkt of
t hereon. The substrate 102 is preferably a silicon
sybstrate, which is typically undoped, but may be
| 1OBmE 9§ mahiemmete} Ff@mgr&%ﬁw myotelgatehstrugtyreonfranamisiatoy and a

silicon germanium graded silicon gernmni um

SR étA Coab C LS e 0P Bidi ’ artz.. s ire,
and gl ass, ofioge coﬁl gﬁgﬁ?hgrn%ﬁ%g?y&ﬁﬂmgﬁaﬁg&l’ws
substrate 102. :

described herein may be used for forming any type of device or structure that may use

metal-to-metal contacts. Accordingly, the specific embodiments discussed herein are
- merely illustrative of specific ways to make and use the invention, and do not limit the
scope of the invention.
[0016] The embodiments described herein are particularly useful in 65 nm degigns
and smaller, As -noted above, metal gates aliow smaller channels due to the ability to
control the threshold voltage to a greater degree. In order to take full advantage of this
feature, however, it is necessary to form a good conductive connection to the contacts and
to limit the inter-diffusion rate between the metal gate and contact, which ig typically
metal. Accordingly, the present invention provides a conductive layer between a metal

g.ate and a metal contact. The conductive layer may be, for example, an elemental metal,
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[0018] Transistor 194 includes a netal gate el ectrode
112, source/drain regions 118, and a gate dielectric
| ayer 116 fornmed between the gate el ectrode 112 and
the substrate 102. Spacers 120 are formed al ong the
side of the gate electrodes 112. A first interlayer
dielectric (ILD) layer 122 may be added to fill the
gaps between devices and to -7 allow a substantially
pl anar surface.. The planar surface of the first I11)
| ayer 122 is. frequently fornmed by a chem ca

reend allayp me@Dhitde] figtal GlR) @h/s bEbISRLE HREGRE L Wlike,
112 acts as. an stop layer. The structure shown'in

F | s nmaybe fornmed by standard processes known in

t h'é%'amfawé WMW§@@P@W(§%¥W@W sush thag he RMIStve
strictures, or a combination thereof. [0019] The gate
OrRivideS ad déekiSu RiGH 6 AR oDl Sike oGE b bfal gate and
material, a silicon- containing material, "an oxygeﬁa
containing material, a nitrogen-containing material,

ofhe mefiboqniagle andpievidps e danticeRyec torlingit the Hiterwiiffuxion cutbbetween the
formed of a transition netal oxide having a

BN R Rl o SR S By B

dielectric 116 is preferably |less than. or equal to.
atslegta 16erial thae®rided meeteiediap 18ferdiring fidridalidn.mBy conpri se
one or nore |ayers, eg., a dual netal |ayer gate
SIOBEA " © o ST v dfkipeshon views of a porbon of & semiconducior
| wafer 100 during various steps of a first method embodimel;t of the present invention.
The process begins in FIG. 1a, wherein 2 semiconductor wafar 100 having a substrate
102 with a transistor 104 formed thereon. The subéiratc 102 is preferably a silicon‘
substrate, which is typicallf undoped, but may be lightly doped. | Other materials, such
ag germanium, silicon germanium, graded silicon germanium,
semiconductor-on-insulator, carbon, quartz, sapphire, and glass, oxide could alternatively
be used for the substrate 102, |
[0018] Transistor 104 inc}u.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 gate electrodes 112, A first

imterlayer dielectric (ILD) layer 122 may be added to £l the gaps between devices and to
-



oxi de, a; conbination thereof, or the |like. Suitable
materials Include titanium titanium nitride,.
nol ybdenum tantalum alum num tantalumnitride,.
rut heni um niobium zirconiumtungsten, nickel,
nol ybdenum nitri de, cobalt, ruthenium oxide,
magnesi um  platinum topper, erbium sliver,
pal l adium iridium or a conbination thereof. Mre
- preferably, however, the gate-electrode 112 conpri ses
.zirconium erbium alum num a conbination thereof;
or the like, and is less than or equal to about 100 A

i dNotrht GokfigSRlly pBnde Reaond LED | ayer. 124 i .
deposi ted over theq ir tAP?f Jﬁﬁfgﬁﬁoﬁrﬁﬁiﬁ)ﬁ% 1221
el ectrode 112. The first ILD | ayer 122 and the second

\fregrqudly Ermedlay 1 ghsimical ingohenivg) pbiabing (CMPY fierons igibpate eleotrode

formed, for exanple by deposition techni ques such as

on .( CVD [002 FlL G .

?Ihlfl%ttg?ga% es’ ?\Jg %ﬁggm& iﬂ'é 'A%(f“'t@r %‘J%ﬁ’f‘g?f by gppadacd
130 has been formed in the second ILD | ayer 124. The
erResetnpion i HSET priowytespascdhtraNNO8 nee:, PMRISHiuoturcs,
Ilnes (not shown) forned on the second ILD. i ayer 124

Q%?tj LD | ayers (not shown). The second ILD
I ayer 'S ef erably patterned .by photolithography
t echni ques as is known in the att. Cenerally, :
PR of et ety dighsniyict HEHniperfersbly ray blghds dicitepiosmiatbiig, a silicon-
photoresist material, which is masked, exposed, and

' N Qﬁtéﬁﬁr%pﬁgteﬁﬁ %Bstg@n-contauung matenal a nitrogen-containing matenal or

_:the hké.- Thg ga&e dzélectnc 116-may also b‘e-'form_ed_‘ of a_tf;éns-ition me@i- oxide having a
e éiélectﬁc—.éox;sfant ICSS_M or equal to‘abbuf.sé... The .?‘::ié#trigal'p_xigs__ thickness (EOT)

. '-jof. thé 'gaté‘ die:lectx?c*; 116 1s preferably 'l't;SS théh:-b;:eqlia_l. t,é..-about 50 A. |
_. l[ﬂﬁiﬂ]. 'Ihe gatc eleetrode 1!2 may ct;mérme one or n;aro layera, e. g a dual ‘metal . |
-_'. | Iaycr gatc clectmde, fermed from an - elemcntal m;etal metal alloy, metal mtrlde, mieta}
: '_ ey a combﬂmnon thereoﬂ or the l(ke, Smtable matcnals mclude tltamﬂm, titanivni

’ mtnde, molybdenum, tantalum, alummum, mntalum mtnda mfhcmm mobimn,‘ |

R zmomum, wngsten, mckel, molybdenum mtnde, oobalt, mthemmn oxxdc, magnealum, :

'_--platmum, prcr, cwbmm, s:lwr, paliadmm, u‘xchum, or' s eombmahon ﬁwmaf Mom

" .,;Pl‘eferab!y. howevet ﬂw gate clectrode 112 campnses z:momum, erbmm, alumiuum, a-

s _'eombinanon ﬁaemof; or ﬂxe]ike, and is less than or equa} t ahout IOGA in ﬂuckness

-'3'- '



portions of the second ILD |ayer 124. The remai ni ng
phot oresi st material protects the wunderlying materi al
from subsequent processing steps, such as etching. In
the preferred enbodi nent, photoresist material is
utilized to create a patterned nask to define contact
hol e 130. The etching process nay be an ani sotropic or
i sotropic, etch process, but preferably is an

ani sotropic dry etch process. [0023] FIG Ic
iIIustrates wafer 100 of FIG Ib after a first

C ond uc: : x‘g F&M Eﬂi%%r 195 d%?g%adb 9&{? g‘?’?}éﬂﬁﬁ%’:ﬁgﬁm‘ the gate

el enental nmetal, net aI aI | oy, netal silicide, netal
ni alqofrerte 117t Bie fost L2 layer 122 adal theatdcard ILha&syenf24 tically Somplise

Ilke Suitable materials include titanium titani um

i il kTR Bl b0 o e PuAs s e vepor

n| ckel, nmolybdenum nitride, cobalt, ruthenium oxide,

nulgmitioﬂ(ﬁ;vm. ati num copper, erbium silver,
pal |l adium iridium or a conbination thereof.

F e first conductive |ayer 140 is
H@q&gf aﬁgnb‘t %meéaﬁ&ft (het BIG. daefer mepntapicholmii® has been
electrode 112. In this nanner the first conductive

| fteed i'@e mahgna@}eﬁmedﬁysdm&tm i Meﬁk contact between

conductive layer 140 may act as an adhesion aye
bet ween the gate el ectrode 112 and a second netal
| Hypta} linog {upt sheming el o the sesenddLBelkyen 1 24 4nd sutebquetitD liyers

FIG Id. In the preferred enbodi nent
(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
underlying material from subsequent processing steps, such as etching. In the preferred
embodiment, photoresist material is utilized to create a patterned mask to define contact
hole 130. The etching process may be an anisotropic or isotropic, etoh process, but
preferably is an anisotropic dry etch process.

[0023] FIG. Ic illustrates wafer 100 of FIG, 1b after a first conductive layer 140 has
been formed. The fitst conductive layer 140 is preferably formed from an elemental

metal, metal alloy, metal silicide, metal nitride, metal oxide, a combination thereof, or the
_ ..



in which the gate electrode 112 is fornmed of
zirconium erbium alumnum a conbination thereof,
or the like, the first conductive |ayer 140 conpri ses
titaniumnitride, tantalumnitride, or the |ike.

.[0024] The first conductive |ayer 140 may be forned,

for exanple, by sputtering.or CVD. Preferably, the
first netal layer 140 is 50-100 A, but nore preferably
about 100 A. [0025] In an alternative enbodi nent, the
first conductive |ayer 140 nmay conprise a

s dliliec 0 Baitsblematertalse inclable St StitBAkY Hitlid QblyHal fb&#ﬂ
S|I|con of the i ke, but preferably ponS|I|con

Ilcon be. deposited dgoped or undoped. For
'ﬁi&“ i piktjde, JHEREYmy eniptiyrer Ziramiviny tusestenor niskiel,

by dep05| t| ng undoped pol ysili con by -10 | ow pressure

C hdTyiahuny aftde, 6LHRID SririhkiHin ( E&,,)(,ﬁ,! gﬁ,gp
be doped with other n-type S, su@ as’ nrtrogen,

ph?sphorous arseni c, antlnDny, or t he lice, or other
allafiem timidives, ar18 cambisatiosrtheredfu nFunbermorsa tieifirshconductive
|nd|un1 or the like. The polysilicon my al so be

CEHRPPH proh b PAR TR fime Hoo' 3 B0 %0 URRRR! 14 BB0e™f 127" n s
alternative enbodinent, it is preferred that the
t maphendhstirgiconduetive layert 140 may be selected such that the first conductive layer
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, id. In the preferred embodiment
in which the pate clectrode 112 is formed of zirconium, etbium, aluminum, a
éombinaﬁon thereod, 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 quttering.or
_ CVD. TPreferably, the first metal layer 140 is 50-100 A, but more preferably about 100
A
[0025] In an altemative embodiment, the first conductive Jayer 140 may comprise a
selnicpnductor material such as polysilicon, amorphous sil.icon, ot the like, but preferably

polysilicon, The polysilicon may be deposited doped or undoped. For example, the

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



conductive layer 140 is such that the ratio of the

t hi ckness of the polysilicon to the thickness of the
gate electrode 112 is nore than or equal to about 3.
Pef erably, the polysilcon layer is 300-1800 A [0027]
FIG Idillustrates wafer 100 after a second neta

| ayer 150 has been deposited on the first conductive
| ayer 140. The second netal |ayer 150 is preferably
formed froman el emental netal, netal alloy, netal
sillicide, nmetal nitride, netal oxide, a conbination
t He¥-pressuge chémibad @apor Beposifidey @POVDS. € rikb pylysilidda nie 60 B6ped with
netal |ayer 150 is copper. Oher suitable materials
in¢lude titanium_titaniumnitride, nolybdenum

t QMhesa-hme donens, fuch A HTOBFRPHOFRPATORS jaEAgtic, ATRENY, G fhe Like, or

ni obi um zirconium tungsten, nickel, nolybdenum

Nigihesd Pype Clopiisl, sudhUdshigidbrl) hERiEE  gallFe) Sisdini]) or th& 1ikélUThe

erbium silver, palladium iridium or a conbination
thereof. -11 10028J The second netal |ayer 150 may he

f Eplalipon may algo be dspesiteds, for sxninlcs by fignace,deposiiign of an in-situ doped
Preferably, the second netal layer 140 is deposited to
aphipdigdepess sufficient to conpletely fill the contact
hol @ 130. 100291 FIG le illustrates. wafer 100 of FIG
Id after a planarization process has been LhF)erformed.

Ol26o mrdmthisealtmeriverembpdiment; it iispreipmedothatthe thickness of the first
chemi cal - nechani cal -
conductive layer 140 is such that the ratio of the thickness of the polysilicon to 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 a second metal layer 150 has been
deposited on the first conductive layer 140.  The second metal layer 150 is preferably
formed from an elemental metal, metal alloy, metal silicide, metal mitride, metal oxide, a
combination thereof, or the like. More preferably, the second metal layer 150 is copper.
Other suitable materials include titanium, titanium nitride, mol@mm tantalum,
aluminum, tantalum nitride, ruthenim—n, niobium, zirconium, tungsten, mnickel,

molybdenum nitride, cobalt, rathenium oxide, magnesium, platinum, erbium, silver,

palladivm, iridium, or a combination thereof.



polishing (CWP). Thereafter, standard processing

t echni ques, such as depositing and patterning netal

| ayers, formng vias, and the like, may be utilized to
conplete fabrication of the sem conductor device.
[00301 FIGS. 2a-2e illustrate cross-section views of a
portion of a sem conductor wafer 200 during various
steps of a second nethod enbodi ment of the present
invention. The process begins in FIG 2a, wherein a
sem conduct or wafer 200 having a transistor forned
ti0e28¢on The speond imbtadl layeh BY0chay be feunedefoe exsmpde, by sputistisg. or
refer to like elements as discussed above with

TS 1 BRAEA of, Bhonb o160 140 Wbl S At ReGHT o

may be forned by standard processes as is known in
tdomplately. il thddadactfHol® 13@b i | | ustrates wafer 200 of FIG
2a after a first conductive |layer 230 has been forned

S 0 b R b b s

alloy, netal silicide, netal nitride, netal oxide, a
Qreithivdt i0Ha comindn tnivtod @f planarizing avaler K00 isSwi dhadios-mechanical
materials include titanium titaniumnitride,

no| ybdenu antalum al.um num tantalumpitride,,

RS (P BT BhmdBi oA, Faien, i g dpposting sad
nmol ybdenum ni tride, cobalt, ruthenium oxide,

TREGARE WiBtal Ahykd, Yoifing GBS fnd ebiiksNmay be utilized to complete
fabrication of the semiconductor device.

[0030}] FIGS. 2a-2e illustrate crosg-section views of a portion of a semiconductor
-wafer 200 during various steps of a second method embodiment of the present invention.

The process begins in FIG. 2a, wherein a semiconductor wafer 200 having a transistor

formed thereon 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 prdcesscs as is
known in the att.

[0031]  FIG. 2b ittustrates 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 en

elemental metal, metal alloy, metal silicide, metal nitride, meta! oxide, a combination

-12-



silver, palladium iridium or a conbination thereof.
More preferably, however, the first conductive |ayer
230 conprises titaniumnitride, tantalumnitride, or
the like. Furthernore, the first conductive |ayer 230
is preferably not the same type of netal as the gate
el ectrode 112. In this manner, the first conductive

| ayer 440 230 may be sel ected such that the first
conductive layer 230 may act as an adhesion | ayer and
a barrier layer between the gate electrode 112 and a
8RN Gr TR, |

referenceigﬁ é?é?ﬁaééQF%%g§?mah . |§§MﬁE§@ﬁguct&$%&&£h
| ayer 230 may be formed, for exanple by sputtering or
tyRlumprlminugh tyntaluh eitdés awtbboivet, aloblumy, eircdrBn, ©ogsEOTER!,
A. but nore preferably about. 100 A 100331 throe

t tiv er. 236, may be .
ot B ol {bh, SARRHE S, RS S PR apsss crbiom,
CGenerally, a photore3|st material is deposited,

- sitvek gralladivex podiady, oandcotitatiaphetcofl OMXP prferablyaivh@dhr, the
portl ons of the material first conductive layer 230,

VAL S SR M W, ST S e
conductlve | ayer 230 is forned of. titaniumnitride,

Fukfeinnd, ahdifitshbdodudlive 196 4306 biek%%abhl hé& & Sd?rleﬁgpeomﬁ&ﬁsas |
nay be perforned by an ani sotropic dry

. the gate e?ectrode 112, In this manner, th_e_. ‘ﬁrstrconductivc layer 340 230 -may be

‘_ sz_al'ectg&..ﬁuch--tﬁéi"the ’ﬁrrst g:ouductivg .la;yér 239 may act gsr an adbesion layer and a

- : | .ba.rri.ef A_lle.l'?{er__'bétlweerll- the gate eiectfqde 112 'ja‘nd a’-sec_on& metal iayf;; 150, which is
S :dis.f_:uls's_ed'_fbelaw wifh reference to FIG. 2d. ~ -

[0032] ' The ﬁrst oanductwc laycr 230 may be formed, far emnple, by sputtcnng or

L CVD Prcf”embly, thc eecond metal layer 140 is 50—100 A, but mote preferably about

T iwA .

[09331 Ouce formed, the ﬁrst conducuve layer 230 my be paftemed by standard

B phﬁtokﬂmgmphy toohmqucs Gencrally, a photoremst matedal is depomted masked,

- " exposed, and dcveloped to expose “ﬁWﬂﬂtGd POIﬁons of the matcnal ﬁrst canductive
...vlayer 230 whwh is removed by 4 subsequent etchmg pmcess In' thc prcfc:n‘ed

_ ‘.?"‘embodlmcut in wlnch ﬁae ﬁmt conduct:ve !ayer 230 is fermed ‘of ntamum mtndO.
‘ﬁ;;¥ '_' R ;f ';' BT & = | J




etch process [0034] In an alternative enbodi nent, the
first conductive layer . 230 may conprise a

sem conductor material such as polysilicon, anorphous
silicon, or the like, but preferably polysilicon. The
pol ysilicon may be deposited doped or undoped. For
exanple, the first conductive |ayer 230 nay be forned

by depositing undoped polysilicon by LPCVD. The

pol ysilicon may be doped with other n-type dopants,

such as nitrogen, phosphorous, arsenic, antinony, or

the like, .or. other p-type dopants, such as boron,
adntriom vitridega|the like thi wethingprodess idag bk péeformdd By an anisotropic dry
polysilicon. layer may al so be deposited, for
Fnﬁkﬁa by furnace deposition of an in-situ doped
po 93| icon. [0035] In this alternative enbodinent; it
|s referred that the thickness, of the first

L apealtemppiéve qrabodiment. thedfirsticaduetive layest: . t B0 may comprise 2

thlckness of the polysilicon to the thlckness of the .
g I abaut; . 3., ;
i e R R G
FIG 2c- illustrates wafer 200 of FIG 2b,after a

s @caderebly |pDlybitiger 40 peisilictie eny ftor depokited epesleannotop¢dd  For
| ayer 240 typlcally conprises silicon oxide fornmed,

;ei%npg S glgé rcoé%%:ggo 43%1]!,]0?&/%;: I‘I}lgii-ﬁ)gef%n&%cgy %eposmng undoped
polysil?qon by LPCVD. The polysilicon rhaﬁy be doped with ether n-type dopants, such
as ﬁit;foggg, bﬁbsphofOu.s" atsegic, arlltimony, ;jr the like, or other p-type doﬁants, such
- | a-s.ll)o.l.‘oﬁ,-‘a-.l'mnin_u_ri}, gallim, indiurh,'or 'thé_ like. The polysilicon.layer-may also be
dgpﬁsitéﬂ, for ex@ple', ‘by furnace depositioﬁ of an m—51tu doped polysilicon.
| ,. : [0035] . In ﬂns altemauvc embodlment, lt is ptefmzred that the thxokness of the ﬁrst‘_ '
| .‘conduotlva Iayer is auch that the ratio of thc tlucimcss of thc polysxheon to &tc thwhwss :
of ﬂ:tegatae Hclec'tmdt‘e‘ 1:12'i3 1@33_ ﬂmn Qr equalto abaut 3 Eggfetgbly, th;c_- pclysﬁmn
"ff".jlayer 13300-1800‘}\, - - | o

R ~={f_.'t0036~1;. G ze ﬂluatratcs svafer 200 of FIG 21: aﬁm‘ & second an layar 240 haa;

L . ‘becn formed. 'Ihe seeond ILD laycr 240 typxeally eompnsw sxllcon oxidc formed, for -

'exampl&. by dcposmon techmqum such o8 ohcnucal vapar dcposmen (CVD) Thc__




second ILD layer 240 is preferably about 1000 A to
about 6000 A in thickness, but nore preferably about
4000 A in thickness. [0037] FIG 2d illustrates wafer
200 of FIG 2c after a contact hole 250 has been
formed in the second ILD | ayer 240. The second HD

| ayer 240 is preferably patterned by photolithography
techni ques and etching as is known in the art. The
etching process may be a wet or dry, anisotropic or

I sotropic, etch process, but preferably is an

a i ' IAS in thi but
B IS e A8 i D EE1000 2O o SOhOA i thikess,
an etch stop |ayer when form ng the contact hole 250.
| moes prefierably eyt 4000 A inthidknesp.ocess descri bed above
preferably has a high etch selectivity between the

s I I L ' NeHEE
ST Y e o8 200 i 25 ke AR 508 oen
hi gher rate than the first conductive |ayer 230. One
S ffortned th thersecdrd ThPtlayes 240. f Thet seeond I layeri 240 ds prefgrably pattemed
because an etch stop layer is utilized, the etching

pLoc oes, not, d l.egt.r.qd :

t @PE%@'%’IWPH%@%S S{rc gigg %taigﬁog% alﬁg{eé%' hs 1 ARG process
operating characteristics. [0039] FIG 2e illustrates
Waa§ 'be28) Gred for R anBotrarfid of imtresicoetch pwtat, butymefedbly is an
has been deposited on the first conductive |ayer 230.

The second tal layer 260 is
anigotropic dry ergc‘i process. y

[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
shove preferably has a high etch selectivity between the second ILD tayer 240 and the
- first conductive layer 230 such that the second ILD layer 240 is etched at 4 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
electrode 112, thereby providing more predicteble and oconsistent operating
characteﬁsﬁcs.

[0039]  FIG. 2e itlustrates 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,
| .15-



P
! :

preferably fornmed froman el enental netal, netal
alloy, netal silicide, netal nitride, -15 netal

oxi de, a conbinat ion thereof, or the like. Mire
preferably, the second netal |ayer 260 is copper.

O her suitable materials include titanium titanium
nitride, nolybdenum tantalum alum num tantalum
nitride, ruthenium niobium zirconium tungsten,

ni ckel , nol ybdenumnitride, cobalt, ruthenium oxide,
magnesi um plati.num erbium silver, palladium

i wietd] anide, mcombinatiomtherasf] arnhetltker ebre preBadidy, mcmé eablayer
netal |ayer 260 may be fornmed, for exanple,

S ter| n Pr ef er t he cond taI
B S OBl S bRl il mwm’%ﬁvolyb&m
f||| the contact hole 250. In one enbodlnent i n which
t Bftalut) eReinuh kadtaBinOnitride, clterdiud 0G6bivin, diRodilth CHARES, MA@,
about 90 Ain w dth the second netal layer 260 is

pre abl y ,ahout to abgut 600 A in thickness,
Yﬁéﬁﬂ%m B yra%w IS ApSIEFp, platinum, ehium, silver,
FIG 2f |IIustrates wafer 100 of FIG 2e after a

PhaRdith AAdina orRlcBmBIEfioR asrebeen forned. One common
nmet hod of planarizing wafer 100 is by

chem cal - mechani cal . pol i shi ng ’(@ usi ng a oxi de
s{0840ly . Thaoyeaondiractal layer 2 mey @wsfqﬁgwmtmhmn@@ms or

such as depositing and patterning netal |ayers,

o)y 8o M2 e i o
the contact hole 250. In one embodiment in which the contact hole 250 is about 4000 A
in 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 chemical-mechanical
polishing (CMP) using a oxide slurry, Thereafter, standard processing techniques, such
a8 depositing and patterning metal layers, forming vias, and the like, may be utilized to
complete fabrication of the semiconductor device.

10042] In the -foregoing gpecification, 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-
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[0042] In the foregoing specification, the invention
has been described with reference to specific

enbodi ments. However, various nodifications and
changes can be nade by one skilled in the art w thout
departing fromthe scope of the present invention.

-16 Accordingly, the specification and figures are to
be regarded in an illustrative rather than a
restrictive sense, and all such nodifications are
intended to be included within the scope of the
paReddingly, Nivecspbdifichtionaid iRt & bewbgardRd i@ ibseadtzather than
i nvention has been illustrated with reference to

fabricating a t sigtor, it is upderstood that the.

pA ve and ﬂnéymaf@ﬁ@ﬂ?r@ﬁa%aﬂ%edf t9re; inglpded within the
mul tiple transistors or other sem conductor

S lséopé 0B iR Spredentv&ifion,! FOP ekeshpRe whTHY MM AERAURvEMRon has been
utilize metal portion to netal contact  structure.
[0043] Although particul ar enbodi ments of the

i Hpstrtadowith, safrense do fwistiog 9ctpupipfor, dlois amderstped that the present
understood that the invention is not limted

C HvERRR U 610 biterdBd 36 BMicatd Wultiphd AR t@.{#ﬁsﬁﬂ 6 ductor

nodi ficatrons, and equival ent's ' com ng w
spirit and terns of the clains appended hereto. For
estoaiyres in which b wenjd by pdvantageovsato entilizd wetalnpbriifinf th andtel gontact
t hi cknesses may be, and the |ike. Accordingly, it is
uEﬂﬁﬁégood that this invention may be extended to
other Structures and materials, and thus, the
speci fication and figures are ,

[0043) Although particular embodiments of the invention have been described in

detail, it i3 understood that the invention i8 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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to be regarded in an illustrative rather than a
restrictive sense. -17 1. A nethod of formng a

sem conduct or devi ce, the nethod conpri sing:

providing a substrate having a transistor forned
thereon, the transistor having a netal gate;
providing a first conductive |ayer on the netal gate
such that at least a portion of the first conductive
| ayel- i s A metbpdeeftiorinigg a sewivomivttondet e, thremathmd abmpprising;
depositing an interlayer dielectric on the first
conductive | ayer; formng a contact hole in the .
i nt er | ay @Foviiing aspbstiale haviegn wanaistor fquned dreragn. thienngistor having a
exposes at least a portion of the first conductive

Il ayer; and form ng a netal contact on the first
cond®c#ig¥e | ayer in the contact hole. 2. The method
of claim1, wherein structures forned on the substrate
have a mnipumfeatuye size is |less than or equal to,
about 65 PRAHIRE 2 fiFpfeonduptiyg dpvgs o henstal gate fpehythat ﬁﬂ%?“apom‘m
dielectric layer is positioned between the netal gate
and the substrate 4. The method of. claim wher ei n
e B SP Bt T AR R Sl it bR e © o
netal alloy, a netal silicide, a netal nitride, a

: rr_et al ox Idg;%sitigé anaint(éﬁ%ll" (ﬂglgaétr(lncnont tﬁee ﬁrgtocfoﬁductive 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.

2. The method of claim 1, wherein structures formed on the substrate have a

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

3. The method of claim 1, wherein a dielectric layer is positioned between the

metal gate and the substrate.

4. The method of claim 3, wherein the first conductive layer is an elemental metal,

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

18



18 5. The nethod of claim4, wherein the dielectric
layer is forned of a transition netal oxide and has a
di el ectric constant |ess than or equal to about 50. 6.
The nmethod of claim3, wherein the dielectric |ayer
has a EOT thickness |ess than or equal to about 50 A
7. The nethod of claim 3, wherein the dielectric |ayer
-is a silicon-containing material, an
OXYyQg&n- ¢ Ok aiethbdigf oirh e, indbreinolie dielevirtorlggeis fomed of atiangtion
material. 8. The nmethod of claim1, wherein the first
conductive layer is a barrier layer. 9. The nethod of
meghlaikide and hahedieleririt ¢rasthit dess theoerdge ioabodtdfer i s an
adhesion layer. 10. The nethod of claim1, wherein
the first conductive layer is nore than about 5 A in
t hi ckness. The nethod of claim1, wherein the
firs conds EFFh'O‘éOfI cljiai 3, wdeneiadhe diglectricdigr hes PFOT dhickness less
t hi ckness. 12. The nethod of claim1l, wherein the
net al i S nelerrental net al , arretal alloy, a
th?Pe‘trﬁﬂ“aﬂﬁota ‘?‘Eiéo a metal oxide, or a conbination
thereof. 19 13. The nethod of claim1, wherein the
netal gate is nol ybdenum al um num

7. The method of claim 3, wherein the dielectric layer is a silicon-containing

material, an oxygen-containing material, or a nitrogen-containing material.

8. - The method of ¢claim 1, wherein the first conductive layer is a barrier layer.

9, The method of claim 1, wherein the first conductive layer is an adhesion layer.

10.  The method of claim 1, wherein the first conductive layer is more than about 5 A
in thickness.

11..  The method of claim 1, wherein the first conductive layer is less than 500 A in

thickness.

12. The method of claim 1, wherein the metal gate is an clemental metal, a metal

atloy, a metal nitride, a metal oxide, or a combination thereof,
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rut heni um niobium. zirconium tungsten, nickel,

nol ybdenum nitri de, cobalt, ruthenium oxide,

magnesi-um plati num copper, erbium silver,

pal ladium iridium titanium titaniumnitride,

tantalum tantalumnitride, or a conbination thereof.

14. The method of claim1l, wherein the netal contact

is formed of a material selected fromthe group

consildt i e afethpdbftddihi L evherednheah@atgmt &lmatgidadum, alumitual,

alloy, a netal nitride, a netal oxide, and a

conbi nation thereof. 15. The nethod of claim1,
ruthivsrm) mobiyme zitenain, oogtiac ticked, npdibdeiuin mitodg, colpltyodenumpxide,

al um num rutheni um ni obium zirconium tungsten,

ni ckel, nol ybdenum nitride, cobalt, ruthenium oxide,
mMAERERER iplatinun [certet: arjung sipyse palladiupy, ipdjums jifagigy, titanivm nitride,

pal ladium iridium titanium titaniumnitride,

tantalum tantalumnitride, or a conbination thereof.
tagtajum, tantalum nitride, or a combination thereof. ,

14. The method of claim 1, wherein the metal contact is formed of a material
selected from the group consisting of polysilicon, an elemental metal, a metal alloy, a metal

nitride, a metal oxide, and a combination thereof.

15.  The method of claim 1, wherein the metal contact is polysilicon, molybdenum,
aluminum, ruthenium, niobium, zirconium, tungsten, nickel, molybdenum nitride, cobalt,
ruthenium oxide, magnesium, platinum, copper, erbium, silver, palladium, iridium, titanium,

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