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WD 2004/ 053202 PCT/ US2003/ 036064 METHODS FOR FORM NG
COPPER | NTERCONNECT STRUCTURES BY CO PLATI NG OF NOBLE
METALS AND STRUCTURES FORMED THEREBY 5 FIELD OF THE
MWO/EMR/PBRO2The present invention rel ates to theCTigdoesn3eoed
of m croel ectronic device processing, and nore
particularly to a nethod of formng a copper

SR e

as is well known in the art, are the buil ding bl ocks
of all integrated circuits. Mdern integrated
YENRI@Nt |iterally nmillions of densely

——configured-transistors that-performa wde variety of -

f unctihepresdnt invdntionaelatasctd the GeliFftrmierdelsdtRniedaevicd he
density of .circuit conponents has required 15

PrOEERME GnbiTNofe pEicLIAN 0 LhBtidd Si9BHRINg WEbppee intercopnect
physi cal dinmensions of the <circuit eleffents, as wel
Fhohfe Whihg IBHopleBhg eh P bfcbied EHHHRIRS HriePinietyres
' circuitry. One such interconnection process
fﬁ@%ﬂ%‘%ﬁ%@ t he damascene process (FIG 5), in which
| elaectoic | 3 02' are deposited over a
M@Mﬂﬁ 204" and trenches 206,

206" _are etched into the dielectric:layers 202, 202' .

Met all feRsiepss, 2gds wel gnowa intheart @5p the building blecksiaf all s
then formed over the vias 204, 204" and trenches 206,
intggrated pireuits: dloslesn degratedrainpuis intierconnexat fitezalty millions of

i nterconnection, through the trenches and vias, of
denb ely goafifanedrirarsistonsehat! ferfoani owide variety of functions. To achieve

such a dramatic increase in the density of circuit components has required
microelectronic manufacturers o scale down the physical dimensions of the
circuit elements, as well as to utilize multiple levels of interconnection structures
used fo connect the circuit elements into functional circuitry.

| One such interconnection process is known as the damascene process
(FIG. 5), in which dielectric layers 202 and 202’ are deposited over a substrate
200. Vias 204, 204’ and trenches 208, 206’ are etched into the dielectric layers

202,202'. Metal layers 208, 208', such as copper or aiuminum, is then formed

~over the vias 204, 204’ and trenches 206, 206’. This process can be repeated to

achieve interconnection, through the trenches and vias, of multiple layers of
metallization.

The utilization of copper metal in a damascene structure has many

. advantages, for example its lower electrical resistance as compared with

previously used metals, such as aluminum. One technique for depositing copper
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25 The utilization of copper netal in a damascene
structure has many advantages, for exanple its | ower

el ectrical resistance as conpared with previously
ws@dooamszabs, such as al um num One techni que POT/US2003/036064
deposi ting copper WO 2004/ 053202 PCT/ US2003/ 036064 in

a damascene structure is by el ectrol ess deposition,

-which is attractive becaus of its,|lower, K cost. a

i 2 glamasgene prusturR S dlecioless denasiion,yicy % Pﬁfﬂcﬂg‘? because
metal deposition occurs by a chem cal redugtion

of iia&qwefrpqghaa% highuslity @(ﬂ%@ﬁ@ﬁ“ﬂﬁiei??tmi‘%ﬁ%éﬁ'@- inetal
reduci ng agent, wherein no external power supply is

depesitidn oscue\yrg clersicalredutlinrsreastiosintanoaduanysi soduionthich
activation of a nonconductive surface, for exanple by

. cohtinglh pgdurirsagentawherein no exidaral powel supplpissssdded. However,

deposit the netal. However, there are problens

ARt Rshositiol rbliEirdethe lctivatiResT sAtorkondottvecsuniaes] for
metal 1 n a damascene structure. One such problemis

S BTBES I B e il ot e et
! Bl Ao aH R S bt o

.therefore be.encapsul at ed di ffusi on. baryri.er. l.ave
IEEPREN BRI TSN AT, GEE P PRI B3 sbper
Ti or titaniumtungsten (TiW. Unfortunately, Ihe
difincricairis PRl 1 HeioieoaIRYals 202y 40 GiioTihe Faltus

the effective dielectric constant of the copper
RiGt &y thusfermningishods bebyeanhadiacend siicuitelements. £rppper
i ncrease in the resistance-capacitance (RC) del a

infercinnéepstachteres meust dherefare balensapfiaied rhyeiiﬁlﬁsi@héafﬁer tayers,
devi ce. Anot her problem associ ated wi th copper

siehas! thAgldraanaldrhaitridephaniuisnitrided N yordkanlumeidngsten
especi al l'y during subsequent processing steps. The

(?Mzi%gﬂuﬁﬁﬁ%fh%ﬂ’cﬂ?& thB QiifRlsts barfial 1a§8fcan increase the
nmechani cal properties of the copper
effective dielectric constant of the copper interconnect structure, which results in
an increase in the resistance-capacitance (RC) delay which degrades the
electrical performance of the device.

Another problem associated with copper metallization is that copper is
readily oxidized, especially during subsequent processing steps. The oxidized
copper degrades the electrical and mechanical properties of the copper

interconnect. Accordingly, an hermetic encapsulating layer is generally employed

in order to provide corrosion resistance for the copper fayer, such encapsulating

‘materials may include silicon carbide (SiC) and silicon nit_ride _(SiN). This

encapsulating layer may also serve as an etch stop, which prevents over-etching

of the copper layer during subsequent pracessing steps. However, this

2




20 interconnect. Accordingly, an hernetic

encapsul ating layer is generally enployed in order to
provi de corrosion resistance for the copper |ayer,
swohomnsapsul ating nmaterials may include sil ipg@Ris2003/036064
carbide (SiC) and silicon nitride (SIN). This

encapsul ating | ayer may al so serve as an etch stop,

whi ch Prevents over-etching of the copper |ayer
80¢3nsyiading dJavgn &an eﬂﬁ%@é@ﬁﬁﬁ dhe elientive diglestde consinst of the
2004/ 053202 PCT/ 1JS2003/ 036064 encapsul ating |ayer can
eppperinferconpect simuchfreect i ve diel ectric constant of the
copper interconnect structure. Yet another problem
ehcouYieeamdhey grobleapescountdrad Withasopper inetdili@ation is the

el ectrom grati on of copperatonsat high current

giesBbinigstion/bil. sippeRatdnes ai Ribh.curreft. dé?isﬂ@s' Which&amerbalitin
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i nt erconnect structure. One nethod reduci ng t he

PoTRs IH th@fmet‘é' ﬁ?ér&@ﬁﬁ&*t QirlOird Q)ﬁé’m@mo‘ayoftrgﬂu&ﬂﬁ ] amount of

netal wth a un1nun1 tin, I'ndiumor silicon

bttt i3 é‘ W%#@@W%qﬁ" i@ﬁ@t" dokticon
| nt erconnect 0CesSsS trUCture
e R ot PP LTS SO L0 and) or

oxi dat i on re3| tance, increases.-electromgration

r esi SASAREENgIY e is 3RS oy &8 IMpECVECiGaPPRT Intercaneedty i ¢
constant of the copper interconnect structure. BRIEF
fabricationmrosessand-strawuie thalSnoiiases coppermeriosiapaesistance
concludes with clains particularly pointing out and
argl/an exidationl rgsistaxics ingredsas elddtomigmtior gesistadce,sartdier
present invention, the advantages

decreases the effective dielectric constant of the copper interconnect structure.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, the advantages
of this invention can be more readily ascertained from the following description of
the invention when read in conjunction with the accompanying drawings in which:
FIGS. 1a-1f represent cross-sections of structures that may be formed when
carrying out an embodiment of the method.‘of the present invention.

FIG. 2 represents a cross-section of a structure that may be formed when carrying

out an embodiment of the method of the present invention.

- FIG. 3 represents a cross-section of a structure that may be formed when carrying

out yet another embodiment of the method of the present invention.

- FIG. 4 is a process flow diagram according to an embodiment of the present

invention.
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of this invention can be nore readily ascertai ned from
the follow ng description of the invention when read

in conjunction with the acconpanyi ng drawi ngs in

Who adv4/0s3202GS. 1a- 1f represent cross-secti ons @br/us2003/036064
structures that may be formed when carrying out an
enbodi nent of the nethod of the present invention. 20
FIG 2 represents a cross-section of a structure that

NG Sls = erpas-gesiinnal Husirgtionef adamasceperioigreannechsirygigre, as is
met hod of the present invention. FIG 3 represents a
knavasitsthetarion of a structure that may be fornmed when
carrying out yet another enbodi nent of the nethod of
the present invention. FIG 4 is a process flow

di agram accordi ng to an enbodi nent of the present 25

DETNLE[@'DES’CN@T?@W‘O?W?H@ENﬁﬁW@ﬁTQ&@OM FIG 5

R AR oS M A,
e e R

whoB e BiveRlion e belcat HreeeahbimpRi At daegribed in

described in sufficient detail to enable those

siificieaidstal torenable thaseskdliediie the aié ta prpsties the inventian. (lpis fo
be understood that the various enbodi nents of the
beuedenstaod that theuwinious entoditnents of thednwentione alibeugh different,
mutual |y exclusive. For exanple, a particular feature,
arernat necessanity mntually tesciusivec Fdeerampleda partsuber feature,
connection with one enbodi nent, may be inplenented
Mh;dtlijrt@, oit Sitdractetiont aesirdedinehsintin @8RAEdtioRdwith e ERfodiment,
spiri

may be implemented within other embodiments without departing from the spirit

- and scope of the invention. In addition, it is to be understood that the location or

arrangement of individual elements within each disclosed embodiment may be
modified without departing from the spirit and scope of the invention. The
following detailed description is, therefore, not to be taken in a limiting sense, and

the scope of the present invention is defined only by the appended claims,

- appropriately interpreted, along with the full range of equivalents to which the

claims are entitied. In the drawings, like numerais refer to the same or simiiar
functionality throughout the several views.

A method for making a copper interconnect structure is described. That
method comprises forming an opening in a die!ect_ric layer disposed on a
substrate, forming a barrier layer over the opening, forming a seed layer over the

metal layer, and forming a copper-nobie metal afloy layer by electroplating and/or

- electroless deposition on the seed layer, wherein the copper-noble metal alloy

4
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and scope of the invention. In addition, it is to be
understood that the location or arrangenent of

i ndi vi dual elenents within each disclosed enbodi nent

WYy 200€0sk202m0di fi ed wi thout departing from t hepgpikiohsinssoss
and scope of the invention. The follow ng detail ed
description is, therefore, not to be taken in a

limting sense, and the scoPe of the present

laperimpiroves thedisctrical chatagtanis cswanthrﬁbéhth%pfdha CRBper
appropriately interpreted, along with the full range
inferenriechbrudiard. Eithvler am etdhestop layener acladding layeramay then be
the drawi ngs, like nunerals refer to the sane or

forriel @h 1RO coppett allyadydry t hroughout the several views.
A nmethod for maki ng a copper interconnect structure is

desc rlg%demﬁaﬁhe:ﬁ%f HRINEMBR of HRSpleBEAt tﬁﬁeﬁtlbno BS fliutrated by
in a dielectric ayer |sposed on a su strate

rfl‘é;sn 1312 RRIELRE | ﬁ%m ‘?%’ﬁ{rm’éﬁ %noé)s@sg&;ce hes '(‘FI@ 13). The

ed l"ayér Over th ayer m ng

%tﬁ:’%f% fo 052 ey s s al %%‘ B é‘@@é‘ﬁl’ﬁ‘ ﬁ%é‘#at‘”
GeiFtar. b BBGangsaBed WriBbeie ol indiy phosphids,

: rrioroves t he electrical characteristics and
galiyraigrsanide, o gellum-apieenide n Ahedstherveralexgsinipeof materials

Ei ther an etch stop layer or a cladding |ayer may then
foem whichrihe substrate 16 pay bel fooyed ayedesaribed heseany msterial

of the nethod of the present invention, as illustrated
that maysba@ ad a-fbdndatiodiupbaasthicita Irﬁymeleb&énics:ie‘w’nmmdy be built
a substrate 102 (FIG 1l1la). The substrate 102 may

OSBpAS AR eincope 1 U ok bl 7o

tel | ur{eiGieldchtftl IHJe P RER fEned HEHHERIAGRRIM 6 Those skilled in the
art will appréciate that the dielectric layer 104 may also be formed from a variety
of materials, thicknesses or mu!tiple_ layers of material. By way of illustration and
not limitation, the dielectric layer 104 may include silicon dioxide (preferred),
organic materials or inorganic materials. Although a few examples of materials
that may be used o form the dielectric layer 104 are described here, that layer
may be made from other materials that serve to separate and insulate the
different metal layers.

The dielectric layer 104 may be formed on the substrate 102 using a

conventional deposition method, e.g., a chemical vapor deposition (“CVD"), a low

. pressure CVD ("LPCVD"), a physical vapor deposition (“PVD"), or an atomic layer

deposition ("ALD"). Preferably, a CVD process is used. In such a process, a
metal oxide precursor (e.g., a metal chloride) and steam may be fed at selected

flow rates into a CVD reactor, which is then operated at a selected temperature
. 5 o .
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gal l'ium arseni de, or galliumantinonide. Although
several exanples of materials from which the

- substrate 102 nmay be fornmed are described here, any

W B0d/ea32080 t hat nay serve as a foundati on upgdr/wddesdnzeoss
a mcroelectronic device may be built falls within
the spirit and scope of the present invention. The

dielectric la 104 is formed on the substrate

b RESSHEI o SIPHEFAtE 0 atamically Bmogipiniafapedataen Hisubstrato
dielectrlcllak/ 104 may al so be fornmed froma variety
2 apd the dilectricayarids e"BIQ)GVBLneﬂCﬁ@r should beppsrated long
material. By way of illustration and 15 not

énavghdoifomnm thendiekicticdayern 104 wite theldsined thickrdasd dn most
silicon dioxide (preferred), organic materials or

appicgiotisg thmdierdoaicslag 10a0is Gihoat bsyfieranBhies, aid more
materials that may be used to formthe dielectric

mmblg‘%u@éﬁ 56616 HsFahgtRdmS Bad absuiss OOG@M%QF‘GH?@Hﬁck

fromother materials that serve to separate a
i nsul
oo CHE LB AV ol RES! Sye Bl 105 forpa

ERE 1. MR s RERR 'f?%a%mﬁ ide 2 d'%&é‘%ﬁpegy%vsh e
G ey e e et PipornaRs Rvere Rche Rroelecopt devioe

rocess is used. In such a process, a netal oxide
(prEshavgdr ageording ta theseenvepkipoalidaa)assate sechaiuecas is&nown by
fed at selected 25 flowrates into a CVD reactor,
thpseskilled intthe ashohmsuch steps apewelt keown imodthase skilledinbe art,
2004/ 053202 PCTI US2003/ 036064 and pressure to generate

they wiflomt tel descsibed irmmont defafldwrdet ween the substrate
102 and the dielectric |layer 104. The CVD reactor

LSRR e (1 opung o5 g rcnst o
onto the opening 105 (FIG. 1c). Those skilled in the art will appreciate that barrier
layer 108 may be formed from a variety of materials, thicknesses or multiple
layers of material. By way of illustration and not limitation, the barrier fayer 108
may be deposited using conventional techniques such as PVD, ALD, conventional
CVD, low pressure CVD or other such methods known to those skilled in the art.
In a currently preferred embodiment, the barrier layer can include any one of the
foilowing materiais: tantaium, tungsten, fitanium, ruthenium, molybdenum, and
their alloys with nitrogen, silicon and carbon. Although a few examples of

materials that may be used to form the barrier layer 108 are described here, that

tayer may be made from other materials that serve to prevent the diffusion of a

metal across the barrier layer 108. The barrier layer 108 can range from about 10

angstroms to about 500 angstroms. A thinner barrier layer 108 is preferred

(between about 10 angstroms and 50 angstoms), as a thin barrier iéyer makes
6 o
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applications, the dielectric |ayer 104 is about one

m cron thick, and nore 5 preferably between about

6, 000 angstrons and about 8,000 angstronms thick. The
Webedbsie: | ayer 104 may have at | east one oppotRg2088 86064
formed init (FIG 1 b), which conprises at |east one
via 106, and at |l east one trench 107, whi ch may be

used.to connect to other net S in the

1455 P R Pifivs taprcueralkses ancerl g coBRardrarsges

t he conventlonal damascene techni que as i s known by
$Bici¥Ese skilled in the art. As such steps are wel |
known in to those skilled in the art, they will not

be dekeeediayer h1may then eloptienally fleonedwnitge bagier layer 108
formati on of the opening 105, a barrier |ayer 108 is
{rd@otd), edd may conmpriseopppien @xdlQsivélly) & itslailoys Withdin, indium,
skilled in the art will appreciate that barrier |[|ayer
ddeiBniomy ahenifhiomathghesiong or dsialibys with ABbemelas such as silver,
thi cknesses or nultiple 15 layers of material. By way

pél!adidnvsﬁlétﬂﬂn? thaditin) lthkhitind, ol %dlﬁthealﬁpéémlﬁh'l loRYRS seed

may be dep03|ted usi ng conventional techni ques
e 5oyl 0B s . T BT g R
av‘f%ff*ffg;‘ﬂgf. fid <580 g Ry S?ﬁ@’f%ﬁ# Vo' AE Lok,
Rh S B or bk dghers ot ﬁw’%ﬁ#%d@%c&%n*ﬁs}‘@aﬁ?éaﬁﬁdeeﬁb%ent

t ho xanmpl e materials that may be us
ths sPei avend Bds S?wenajmut 188ngpEoRs SO 5P ﬁesa%m%ﬁvck
| ayer may be made fromother materials that serve to
aSRRIRTISaNE CRRFETSToble DRt allaw( Eie alomieBercRBtagsraf neble metal
| ayer 108. The barrier layer 108 can range from about
in the w@i;law@nm 5 pibtarablg@boahtest payoent oleds, andis most
barrier layer 108 is preferred 25 (between about 10
pxeigsablp etvesen &tfbud gk aodd)gtomdc percbhtn Thaseeelayeryid¢0 may be
makes
formed on the barrier fayer 108 using a conventional deposition method, e.g., a

conventional CVD, low pressure CVD, PVD, ALD, or other such methods known
o tlhose skilled in the art. Although a few examples of materials that may be used
to form the seed layer 110 are described here, the seed layer 110 may be made
from other materials that serve to activate the surface of the diffusion barrier layer
in order to prepare it for the electroless deposition or the electroplating of copper.
In a preferred embodiment, the copper deposition process may be
performed using a conventional copper electroplating process, which is well
known in the art, in which a single or dual damascene structure is filled with

copper by using a direct current (DC) electroplating process (see FIG.4). First, a

surface (either the barrier layer 108 or the seed layer 110} is provided for the

elect‘rop:_at_ing. of copper 118. Next, the surface is exposed to an electroplating
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contribution to the overall resistance of the copper

i nterconnect structure. A seed layer 110 nay then be

&b booadskgr forned on the barrier layer 108 (Fefusiddessocs
and may conprise copper exclusively, or its alloys

wWth tin, indium 5 cadm um alum num nmagnesium or

sl 8% osh o it SAELAD R T2 ol G et 120l
R R o Rhon n ezt oaChe durtace as aved et 110, e

agareci §|ute that the seed |layer 110 may be fornmed from
sgeg davesly 0 onayrbegonsimed hyine ielrsiroplativg presasspse that the seed
| ayers of material. In a currently preferred

layeis 3dP meait becrune pentinstous|vdthathe Topperalloytiayar 12hasdepited in
angstrons and 2,000 angstrons thick, and conprises a
FéGppie in additien, iEis 46 balunderstdbdthat tvd elepleomaitig@gfcapper may be
noble nmetal in the seed |layer 110 is preferably about
foremedodirentipiondhe baater I8y, sifcdrBel secdriaféis BptioRa! AMethus the
about 0.1 and 4 atom c percent. The seed |layer 110 nay

sbed idyer R ok befiRebditin ah énﬁstgﬁméﬂﬁoﬁﬁg hehtion (see FIG. 1),

conventional deposition nmethod, e.g
282%%?@2@‘;‘@@om%f*%“ﬂPﬁ‘?,@E“&F#F%eﬁﬁ%ﬁ'atﬁé @g%ffon%é\:r
RISy Sy 68, SR B B oL B B B s
. I 110 be.nmad f h | al h
L §aRilee FiBhe BGal Bhe ABtcPressrore A PGS MBI T
layer . in order to prepare it for the electroless_

gl ustelscnfomplexiaagenisyfsieh Ag tapsuiizipand pespadisuliate).
AEéeferred enbodi nent, the copper deposition process

SuEbea Y esrmpteseimaterals shatanay eombrise fiseelectroplating

el ectropl ati ng process, which is well
solution are described here, that solution may comprise other materials that serve

to deposit noble metal alloys of copper onto a surface, such as the barrier fayer
108 or the seed layer 110 (FIG. 1e and 1f).

Alternatively, the deposition of copper may be performed using an

~ electroless deposition process, which includes any autocatalytic (i.e. no external

power supply is applied) deposition of a film through the interaction of a metal salt
and a chemical reducing agent. First, as is known in the art, preparing or treating
a surface, such as the barrier layer 108, is necessary in order to produce an
activated surface, i.e. a surface that is susceptible to the electroless deposition
process. Methods for providing the activation of a surface for electroless

deposition may include contact displacément, in which the surface is dipped or

' sprayed_with a copper containing contact displacement solution, or the utitization

of a seed layer, such as the seed layer 110. During the electroless deposition,

8' .
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known in the art, in which a single or dual damascene
structure is filled with copper by using a direct
current (DC) el ectroplating process (see FIG 4).

Rvo 3dosrogs0sur face (either the barrier |ayer 1Q@rRikdofesc064
seed layer 110) is provided for the 25 el ectropiating
of copper 118. Next, the surface is exposed to an
| ectrqpl at 2004/ 053202 PCT/ US2003/,036064
SRS eed rﬁGVPG)dBﬁ% BORF125,1p Aplyaizd SUrTace BpYhich
8'}%& urface 120. In addition, it is well known in
lggtro %?rﬁa@enqs'ttqs'efognﬁ F Hheeseas! laper Ebacts asa repian whigh
seed | ayer 110, ty be consumed by the el ectroplating
perdeals e plaeement ofithe depesited metal frenOthewediemessedeposition
continuous with the copper alloy |layer 112, as
prosess, dwcansdthal Beta! fron thecaleldttdless, dénositbntsmhhimn only deposits
understood that the electroplating of copper may be
botiveseati lagert 110.0Thé tick@nitiseRICtiViBYSTthe SldttRiddaticpsHon
| ayer is optional, and thus the 'seed |ayer may not be

I@i’eﬁﬁﬂﬁesblt‘s A ﬁi@heﬂqﬁarﬁ? rrféftamia%ohff HekQfisd ﬁ%ﬁpﬁi\@s the
If). In a currently preterred errbo I ment,
Yeydron:

@ﬂuﬁ%ﬁp @hatcbgﬁmﬁﬁ) SKthQ %Jé@?rlslessggic?btbbv esﬁ%g&i

sul furic aci | oride 10ons uc

ant |- vt 19 abiifate Ui M E RS AL 1 ra i qypeon
o m’55£9t§13393g§° Rt oE e rofe%?t“q%@eaﬁoa hegfeen

exanpl,e r|asthat may conprise t

P HBH e Actig e suitape inoimaselda 619 destipleps depagiion solution,
sol ution may conprise other materials that serve to

%@Sﬁloﬂsﬂm@ﬂwme@ng S adtivatashpstacerin ancelscirdlessedeposition

such as the barrier |layer 15 108 or the seed l|layer 110

folution arespeaying the elettrelesaidepasition sdietiateputsi the autiveted surface.

copper may be perforned using an

Finally, a metal, such as the copper alloy layer 112 of the present invention (see

FIG. 1e), is electrolessly deposited on the activated surface.
The copper alloy layer 112 may comprise the following alloys: copper

silver, copper palladium, copper platinum, copper rhodium, copper ruthenium,

copper gold, copper iridium and copper osmium. The percentage of noble méta! .

in the alloy is about four percent atomic weight, most preferably between about
0.1 and 4 percent atomic weight. The incorporation of the noble metals in the
copper alloy layer 112 increases copper corrosion resistance since the copper
alloy layer 112 is less prone to oxidize than pure copper due to the un-reactive
nature of the noble metal. The copper alloy layer 112 is also more
_electromigratioh resistant than pure éopper because the low solubility of the noble

metalg facilitates the stuffing of the grain boundaries of the copper alloy layer 112

9
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el ectrol ess deposition process, which includes any
autocatalytic (i.e. no external power supply is
appl i ed) deposition of a filmthrough the interaction

afoasmamsabz salt and a chenical reduci ng agentpcrfusidebnssoss
as is known in the art, preparing or treating 20 a
surface, such as the barrier |ayer 108, is necessary

[ rder to, produce an activated surface, i.e. a L
wilh 1 barignlavee 10 g0 phiieieston layes Tdrdwhich gy be deposited in a
deposi tion rocess. Methods for providing the
latarisien.isen [IB. 2).sihis areventsithe peeutrencesf a aejasdailure path

may i nclude contact displacenent, in which the surface
(shods mieq farelesipomigeation; which veauih etherwiseaiacunglongihegtain
di spl acenent solution, or the utilization 25 of a seed
bayrelarieDaol interfabes.dr addition cthe hitBle Metd) Rgsiétance to oxidation
el ectrol ess deposition, 8 WD 2004/053202

PETEMEZNTE PREROrolidheths @RSt ked Y hotdus doppRr Bk@ettﬁ%ﬁhay form

may serve as the activated surface upon which

&h Bfd toplsePRice %PEﬁbﬁér‘Hﬂo? g;}s?ﬁ {1 ;]%—ha'iﬁ weFds 'ai‘ﬁﬁ bet;rﬁgr Bybs108-

as a region whic cont pl acenent

j t I ral siti.on.
elelo eyt TnioraRE T, ibll  Imili8 b8 interconnect

It sagl uti qn onl ogits 5.0n the seed | ayer
%ﬁ%ﬁﬁ?ﬂg%ﬂ}ﬂ%qﬂ &§QP%%(¥{F3§%§813"%1§£ el ectrol ess
deposgjtion nethqd results in a higher quality
et allt 13 Pe AP FRies daat maltple ‘F‘Yﬁfﬁ@?é&e"g'ﬁéat'%ﬂ"% bRi ty
c?nd cont i nui'tg of the electrolessly deposited netal
eppsited ppstep obtheonpre indercorined sirytliured $3(agrerdiag dp the
Iaégr 110 in the current enbodi nent of the present
mathedtal dtg prasentinventias, @sshowpds AGEEN2 laad hedfterlibe copper
provi ded, the activated surface is exposed to the
alogdayers 448, tEP ase formedsad previonsly degcnimsdhbeisin, mtdrustopdayers
i mersing the activated surface in an el ectrol ess
telpdd4tman befoimiéd abow therdoppengiidynayeisect aH2sE1G.2). The

deposition solution onto the activated surface.

etch ?top layers 114, 114" may comprise silicon carbide, silicon nitride, silicon
carbon nitride, and other such materials as are known in the art. Those skilled in
the art will appreciate that the etch stop layers 114, 114’ may be formed from a
variety of materials, thicknesses or multiple layers of material. Although a few
examples of materials that may be used to form the etch stop layers 114, 114’ are
described here, that layer may be made from other materials that sewé to stop
the etching of copper alloy layer 112 during subsequent process steps, such as
during subsequent lithographic, etching and cleaning processing steps. Since

such processing steps are well known in the art, they will not be described in

detail here. By way of illustration and not fimitation, the etch stop layers 114, 114’

may be deposited using conventional techniques such as PVD, Ai:D, conventional

CVD, low pressure CVYD or otner such methods known to those skilled in the art.
10
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Finally, a netal, such as the copper alloy layer 112
of the present invention (see FIG 1le), is
el ectrol essly deposited on the activated surface. 15

Wemeppei2 al |l oy |ayer 112 may conprise the febr@woddossoss
al | oys: copper silver, copper palladium copper
pl ati num copper rhodi um copper ruthenium copper

ld, ,co roiridi and copper osm um_The percentage
Ihe i EoRdaver 1 13#45%%&%&1“99 frogn bl 100RROSOMEIg about 1000
atom c wei ght, nost preferably between about 0.1 and
angetrorenA Bimar etelesighdayerid4itidospseteriednas s thinger layer
noble nmetals in the 20 copper alloy |ayer 112
mekes dgssof eaopmdnibudionrto $he averalt distaniriecaistent aftiee copparr
alloy layer 112 is |l ess prone to oxidize than pure
inbgrpennebfistructuténe un-reactive nature of the noble
netal. The copper alloy layer 112 is al so nore

el ect inamotticttdnaifodieehs ichitldirg1afers U@, ¢ RN he eREBlessly
the low solubility of the noble netals facilitates

Héﬁos‘itbblfoﬂrbf‘ﬁ}e%op?%? afib\Plalerdodas 565 tgéd tdFﬁ'lé’ﬂ%Hgsgop layers

alloy layer 112 by thé nobl e neta as we
fif4iqm hey i pPef ail
AL, PR B TREF o, P b agGD mas o
. t l.aver 114 (whi ch may he

RS opR i Rl fptels, 3 EBtiie. flisr 4Mbsieh Fipdm fuoasten

he, pccur ce of a jor failure path shorts, etc.
e Pl verd oA e i B tiss et ool dpposited cobatt
al or}% t he %r ain boundaries and interfaces. In
aiglflraliays with sefrrntery melaln andiar thelimeatalieids Licl boramon
prevents failure paths through the cracked or porous
eRRRberas).dehe ura ohile dasiding laensraliowsfosthef elireination of the efch
copper alloy layer 112, as well as at the barrier
stap dayet @Bogethet, sincei no ¢tehstopifticiion isrfesded dileus, tha high
nmet hod of form ng a copper interconnect structure 113
torsosivreresiditarmeasfdbe copE: allog Iayed 112)11.12' and the cladding layers
116, 116". The elimination of the etch stop layer reduces the effective dielectric
constant of the copper alloy layer, which improves-the electrical performance and
speed of the fransistor device.

As described above, the use of an electrolessly deposited noble metal-
copper alloy metallization structure increases copper corrosion resistance and
oxidation resistance, increases electromigration resistanc ,' and decreases the
effective dielectric constant of the copper interconnect structure. Thus the
reliability and speed of the microelectronic device are greatly enhanced. It is
understood that the present invention includes both single and dual damascene

structures, as well as multitevel metallization structures.

Although the foregoing description has specified certain steps and

materials that may be used in the method of the present invention, those skilled in

1
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It is to be appreciated that nultiple |layers of

netal lization may be 10 deposited on top of the copper

i nterconnect structure 113, according to the nethod
afobérogesent invention, as shown in FIGS. 2 pgifissos/ozsoss
After the copper alloy layers 112, 112' are formed as
previ ously described herein, etch stop |ayers 114,

14 y be fqr above the copper, all Jayers 112,
55 Wi eepiac Mt rarst motibEafiiana Siostiupont ey Be fade.
éonpnise siljicon carbide, silicon nitride, silicon 15

CHFGRON ¥ s Rtendgd dhalalisuch weeditications alterations; supsiisulions
in the art. Those skilled in the art will appreciate
anehadditipnsdieeonsidgyed &y tallgvithin theispirit and saspefafithe inviention as
a variety of materials, thicknesses or nmultiple
dediped bydhe appended claims. o adtitian fitiy apprecigtedthatf the fabrication
materials that may be used to formthe etch stop
df aymuKiplelrhetal kd/ler afr@ctudﬁﬁof)ia*mﬁbstrate? sutihat d gilin subgtrate, to
be made fromother materials that serve to stop w. 20

rigufatiekd agillebn desls Woll RoWARNEheldr2 THerésb, it is appreciated
subsequent process steps, such as during subsequent

tiééait theFIGRES Provided hetinAllgstrdts Bﬂigmrﬁ% Q%}rﬁ@lﬁ@?

ince such processing steps ar

Tpelgtbhitholod et BEnaRR i} tiable b e Eithyelitgn, Thus
bE¥fRatibdeadhile ot BYs 0 B Siriin? sdissthenn- | o

pressure CVD or QOrer such nethods known to those
skilled in the art. 10 WD 2004/ 053202

PCT/ US2003/ 036064 The etch stop layer 114,114" can
range from about 100 angstrons to about 1000
angstrons. A thinner etch stop |ayer 114,114"' is
preferred, as a thinner |ayer nakes |less of a
contribution to the overall dielectric constant of the
copper _

12




I nterconnect structure. 5 In another enbodi nment,

cl adding | ayers 116, 116' can be electrol essly

deposited over the copper alloy |ayers 112, 112

instead of the etch stop layers 114, 114" (FIG 3).

The cl addi ng | ayers 116, 116" nmmy conprise noble

nmetals or their alloys with refractory netals, for

exanpl e silver tungsten, palladiumtungsten. In

addi tion, cladding |ayers 116, 116 may conprise
CLARI@ctrol essly deposited cobalt 10 nickel alloys with

refractory netals and/or their netalloids (i.e. boron
0 ph ?R%Rro .Ihe use of the cladding | ayers
aF1omsR or Fhé%éﬁﬁﬁghation of the etch stop |ayer
al toget her, si Ge no etch stop function is needed due |
to the°Hbgha S‘E%lr P5E PR A SHESE s VASTRIA it seeth Bysioypepntiglly ggmprises
| ayer 112,112' and the cladding |layers 116, 116'. The
efdrpprad pgeeddayer Reblemetilst op | ayer reduces the
effective dielectric 15 constant of the copper alloy
| ayer, whi dbrmiings oappsr dllog lgkeet tht Gadt sqpddyer, vehretn tid dopper
speed of the transistor device. As described above,

t {iRyusipAdes 8sppet afldnQllies sdblc AeRRSI t ed nobl e netal -
copper alloy netallization structure increases copper

corro IS4 -
ot oanand FEbER e dline SpACAILD bybe ShalANEEelaading laver
t 20 effective.djelectric constant of the copper. . ...
e ah st oty S{AbEr B s, SERBLS ot A b aod, irdium,
Zﬁeed of the m croel ectrgnic device are greatly

PR dEnestep apd combyptions Biseofhat t he present invention
i ncl udes both single and dual damascene structures,
as well as multilevel nmetallization structures.
Al t hough the foregoing description has specified
cer tTht megtod ps claing 1 2hereit &e cadpsr dlbgtlayenis fbenddigtldciopbtng.
met hod of the present invention, those skilled in 11

3. The method of claim 1 wherein the copper alloy layer is formed by electroless
deposition,

4. The method of claim 1 wherein the surface comprises a barrier layer.

5. The method of claim 1 wherein the seed layers comprises less than about 10%

atomic weight of the seed layer noble metal.

6. The method of claim 1 wherein the copper alloy layer comprises between about 1

13




WD 2004/ 053202 PCT/ US2003/ 036064 the art will

appreci ate that many nodifications and substitutions
may be made. Accordingly, it is intended that al

such nodi fications, alterations, substitutions and
addi tions be considered to fall within the spirit and
scope of the invention as defined by the appended
clainms. In addition, it is appreciated that the
fabrication 5 of a nultiple netal l|ayer structure atop
2954HAShER U, aS My aShidf aie!auza)oﬂobwgé{ar. ate, to
manufacture a silicon device 1s we known in the art.
Therefore, it is appreciated that the Figures

provi ded herein illustrate only portions of an

exenpl. ar i croel ectroni ¢ device that pertains to the
pfact | B mthed el chmdetherein it ane offisbod fospr pble metal and
present invention is not limted to the structures
deliymoble dndid sebstantialiyycogippiseast leagt. onaofrgitven gpaliadium, platinum,
conprising: formng a seed | ayer on a surface, wherein
t thodiaee chthemjret, gold) fidhnh,i @hiym catdpsmb@stionsappef. and a
seed | ayer noble netal; formng a copper alloy |ayer

on the first seed | ayer, wherein the copper alloy
conpri ses copper and an alloy noble netal; formng a

C%.addi&&e}h"&[ SF fPRhirt fﬁoggé}@lgc%rcﬁ%laes‘({ c%r%r?% o wherein the

cl'addi ng 'ayer co S "silver,

"o e Bh et A el T LRI P oS Ber cor

2. The nethod of claim 1 wherein the copper all oy

| ayer Panipg? hpgephyaoseithomentngng. 3. The net hod of
claim1 wherein the copper alloy layer is fornmed by

el ect founarga seed layer over the barrier layer, wherein the seed layer substantially

comprises copper and a seed layer noble metal;
forming a copper alloy layer on the seed layer, wherein the copper alloy comprises
copper and a noble metal;

forming a cladding layer on the copper alloy layer, wherein the cladding

layer comprises at least one of silver, palladium, platinum, rhodium, ruthenium,
gold, iridium, osmium, and

combinations thereof.

9. The method of claim 8 wherein the copper alloy layer is formed by clectroplating.

14




. : Lo
deposition. 4. The nethod of claim1 mhereln the s
surface conprises a barrier layer. 5. The nethdd “of -
claiml wherein the seed | ayers conpr|$es | ess than
about 10% atomi c weight of the seed |ayer noble
metal . 6. The nethod of claiml mherelp t he copper:
al l oy | ayer conprises between about 1 |13 % and abqut
4% at om ¢ wei ght of the alloy noble netal 7. The .- =
met hod of claim 1, wherein at |east one of the seed

layer mabhRhaBbLAANE whilelOte DGR Elealwﬁltl ald subst Ianil ally \ '
a rum plati num

conprises at |east one of silver
r Rodiupy, ruthenium gold, iridium osm um and
conbimations thereof. 8. A method of fornming a copper

i nterconnect, conprising: formng an opening in a
dielectric |layer disposed on a substrate; formng a
barrier layer over the opening; formng a seed |ayer
ober tHee methed aficlaimyperhereip dreaichlermalseed | ayer
substantially conprises copper and a seed | ayer noble
metoat 4% fobtheiatigpia wegbpelrthatdppyr dllmy éryeon t he seed | ayer,
wherein the copper alloy conprises copper and a noble
nmetal; formng a cladding | ayer on the copper all oy

| ayer, wherein the cladding | ayer conprises at | east

ONE OfTIRIh RS of RBYirh 3 HEMBin ﬁle%éﬁﬁ{@r ogr%il QrPg]kss than about 10%

ruthenlun1 gol d, |r| |un1 osm u nat1 ons
ereof . of cl.ai.m 8 ere| he cop
%]?mlc vreé%/ Pf atgeafs nr?é) s%\gler, JP2 1%41}11813[?1 1}% I dLi rathe Rlum -gold,

iridium, osmium, and combinations thercof.

13.  The method of claim 8 wherein the noble metal comprises at least one of silver,
palladium, platinum, rhodium, ruthenium, gold, iridium and osmium and combinations

thereof.

14.  The method of claim 8 wherein the seed layer comprises at least one of copper,
tin, aluminum, magnesium, silver, palladium, platinum, rhodium, ruthenium, gold,

iridium, osmium and combinations thereof.

15 The method of claim 8 wherein the opening in the dielectric layer i.s".a portion of a

Ao

damascene structure.

15




10. The nmethod of claim8 wherein the copper alloy ]f
deposition. 11. The nethod of claim8 wherein the
nobl e nmetal c< about 4% of the atom c wei ght of the
copper alloy layer. 12. The nethod of claim8 wherein
‘the seed | ayers conprises |ess than-about 10% atomc
wei ght of at |east one of silver, palladium platinum
rhodium ruthenium gold, iridium osmum and

conbi nati ons thereof 13. The nethod of claim8 wherein

t g NOPhEnRIPHf FRAY \krﬁ%%n‘ﬂe ﬂaﬁ?e?;l] gg Snrissd eléYeedEt’ ang of

pal | adi um plati num rut i um go |r| |um

combi nat i.ons ere 4. The
PR P G GRR, AL BEG el Ste, itudr e tTee ffhum
ggq?rptgdmth?pmﬁ} @fri(fqumta]u%% 1({}#?@1{5?1:%2 glslallé?m tg%':mlé}n silicide, ruthenium
iridium osm um and conbi nati ons thereof. 15. The
naitividel taptalagh gaohidg, twheste carhidee titapini ¢agbiiley rethenium carbide, and
dielectric layer is a portion of a damascene
stombddatioas thdrsofl 6. The nmet hod of claim 8 wherein the
barrier layer conprises at |east one of tantalum
tungsten, titanium ruthenium tantalumnitride,
tungsten nitride, titaniun1 nitride, ruthenium

N4 ri i 1+ CJ

O AT s A 5P By g
rbl.glj tungsten carblde, titani um carbi de, ruthenium

cAPBFEE" and  conbinations thereof. 17. The nethod of

claim8 wherein the cladding |layer is forned by
el ectrol ess deposition.

18.  The method of claim 8, wherein the ctadding layer further comprises at least one
of cobalt, nickel, tungsten, titanium, tantalum, molybdenum, zirconium, rhenium, boron,

phosphorus, and combinations thereof.

19. A copper interconnect, comprising:

a dielectric layer having an opening;

a barrier layer on the opening;

a copper alloy layer on the barrier layer wherein the copper alloy layer
substantially comprises copper and a noble metal; and

a cladding layer on the copper alloy layer, wherein the cladding layer substantially
comprises at least one of silver, palladium, platinum, rhodium, ruthenium, gold, iridium,

osmium, and combinations thereof.,

16




18. The nethod of claim8, wherein the cladding |ayer
further conprises at |east one of cobalt, nickel,
tungsten, titanium tantalum nolybdenum zirconium
rheni um boron, phosphorus, and conbi nations thereof.
19. A copper interconnect, conprising: a dielectric

| ayer having an opening; a barrier |ayer on the

openi ng; a copper alloy layer on the barrier |ayer
wherein the copper alloy layer substantially

coopr i ’SI%%OE?&&&&C&%C@O%%Q ORBHeRdin the REbl8 metad dsthpitkes less than
| ayer on the copper alloy |layer, wherein the cladding

I j - ' st one of silver,
LR P BeAri® ke GEMBLREP R BRS O001 4
iridium osmum and conbinations thereof. 16 20, The
copper interconnect of claim19 wherein the noble

netal conprises |less than, about 4% of the atomc
w%}-g ht Thsrcopprs idgrgpmrectafickjm 1§ ydercinpthe ogpingig ghydiclectric layer
i nterconnect of claim19 wherein the opening in the
déshiatsey 4 porfietyefra dapwpapne stesctaeporti on of a damascene
structure. 22. The copper interconnect of claim19
wherein the copper alloy layer conprises between

about 1 % and about 10% atom c wei ght of copper. 17

22.  The copper interconnect of claim 19 wherein the copper alloy layer comprises

between about 1% and about 10% atomic weight of copper.
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