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WD 2004/ 053202 PCT/ US2003/ 036064 METHODS FOR FORM NG
COPPER | NTERCONNECT STRUCTURES BY CO PLATI NG OF NOBLE
wORIMAMS26ND STRUCTURES FORVED THEREBY 5 FI ELDpCFUSH4B3/036064
| NVENTI ON The present invention relates to the field
of m croel ectronic device processing, and rmre
articularly to a nethod of form ng a coppe
METHOPSFOR FORMING GORPER INTERGONNEEET SHTRUGTYIRES BY CO-
PATUNG O NOB I MEBALSIANR SERUCIURES MED THEREBY
t hereby. 10 BACKGROUND COF THE | NVENTI ON Tr ansi st ors,
as is well known in the art, are the building bl ocks

FIRRD aH THENNS@ENT SN Ci rcuits. Mdern integrated

circurts rnterconnect literally mllions of densel y]c
Funip? Brert iR Rh Feede TG RE Mo b RE AL Bovod

ensity of circu nent s required 15
ProRERsBeY 2 MNP PAHRIE LA Bineg of EiinG &gphies interconnect
physi cal dinensions of the <circuit elenents, as well
strlagurteoutdtzmg electraplefipg @npiy alectelessiashpisesancostructures
structures used to connect the circuit elenents into
forfneddhermbyl circuitry. One such interconnection process
is known as the damascene process (FIG 5), in which

BAOKEGROUND ORYEIES INVENFION202' are deposited over a
suﬁsfrate 20 200. Vias 204, 204' and trenches 206,

¢ TrsRedtsc 85 i Wl JabWm e 8 gg&tﬂeefy@[oﬁfrﬁ%c@%f all
intogated Qi B ntgor T Pé‘aﬁféﬂé AR

i nt erconnection, through the trenches and V|as

dengqly cantigureg dransistorsribahpeiformm adwdez@rreheofumnph%s i l¢hachieve
of copper netal in a damascene structure has many

such a dramatic increase in the density of circuit components has required

microelectronic manufacturers to scale down the physical dimensions of the
circuit elements, as well as to utilize multiple levels of interconnection structures
used to 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 206, 206’ are etched into the dielectric layers
202,202'. Metal layers 208, 208’, such as copper or aluminum, 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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advant ages, for exanple its lower electrical
resi stance as conpared with previously used netals,

W@ a@h/05320a1 um num One techni que for depositi NBCT/ORPOS/036064
WD 2004/ 053202 PCT/ US2003/ 036064 in a damascene

structure is by electrol ess deposition, which is
attracti ve because

i aghriaspobp RS by et C St g f ik btause
deposition occurs by a chemi cal reduction r?agtion ip

of itatovaerueasi anddigh iqpalityaf depositignalmelestrolegs eatida gsie!
wherein no external power supply is needed. However,

depdsiibATiccateby attiensital reduciuureaetion fire an@dueatis @olwionawhich
nonconducti ve surface, for exanple by providing a seed

con@bf@ %rebﬁciﬂ%%?eni,%l%r%ﬁ{ hekREEFha gisestSuppiynis nedddd. However,

wever, t are probl ens associated wth the use of
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bet ween adj acent circuit el enents. Copper
i ntldoweveretheretare problemsnagsociaied é/ﬂtbrtge BSCH COPPET 88 &0

by diffusion barrier layers, such as tantalum
intérédirfdat Mgtal ini aldanfastene struciure.i Oee STcNpraplem isahateapper
tungsten (TiW. Unfortunately, the addition of the

diﬁg%,ée{ Ysiifis Basily o IRYGBIcelit laDercZa® 202¢ (redifingtdgatn to

ectric constant of the copper interconnect
tu Al L0 i\ j
F@?Lﬁﬁv%ﬁoirgv%@sfﬁ% BRMS et S R B e
_ electrica erformance of the device.. Another . I
interseRectSIYCIeR N SReTeire A9 eocARsHfated qvhcﬁﬁl%@b%%f figtayers,
readi | y oxidized, especially during subsequent
sugir ag tardalng, Jarigumisidextiianiusa nitdde EIN) s ditapium urgsten
el ectrical and nechanical properties of the copper 20
(TIW Enfarturetely, ecaddition bf theadiffusiondidrderciayapean inaregse the
| ayer is generally enployed in order to provide
offEQVeORibRBtrIceSH TStancsT the lcoppér mesrBennectystiuctirecWhich results in

encapsul ating .
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, esbecially 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 layer, such encapsulating
materials may include silicon carbide (SiC) and silicon nitride (SiN). This

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

of the copper layer during subsequent processing steps. However, this
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materials may include silicon carbide (SiC) and
silicon nitride (SiN. This encapsulating |ayer may
wW@b®ae/oseove as an etch stop, which prevents  PCT/US2003/036064
over-etching of the copper l|ayer during subsequent
processi ng steps. However, this 2 WD 2004/ 053202
PCT/ US2003/ 036064 encapsul ating | ayer. can, al so
enarskialag laver cary alse inoave e eiectvestieleaHtic canstant of the
copper interconnect structure. Yet another problem
copges intatconaactwtréctapper netal lization is the
el ectrom gration of copper atons at high current
- densattaresthemroblern @hcoaatdréd withTopped snatalli-aornit thke
i nterconnect structure. One nmethod of reducing the

eleﬁt'ﬂe&gfgraﬁ’cﬁn of31: {1 atb 24t High tarrERt @éﬁé?ﬁ’eé Rehi€IP BBAR Tesult in

wth al num tin, nd| um or silicon: however,

vl R R, AR S o
i nt efconnect brjcation ces nd .structure

elepiremigratian LSo‘iS?p% éb?rCQQPGH ﬁh%é‘@“”li@ §nd;n@aum or silicon;
oxi dati on resistance, i ncreases el ectromi gration

howersthim oy ineigrase the coppeeeesisiencs sigificativti el ectri c
constant of the copper interconnect structure. BRIEF
DES&etdrdingly, @rereHE DAY fdEanvimprevéd eoppacinfarcammnent
concludes with clainms particularly pointing out and

fabli@aﬁ@ﬁfntd%‘é’sb)én@' SHUBHNG thBfincrdtsel do‘bpé? gafrésbnadsisthce

present invention, the advantages this invention

an@{%P oQﬁa lr\ ?eé?t%%éymﬁﬁ{/a%%%?é(l)%&ﬁa]rﬁlg%ﬂ&rﬂ%s Sthhow

scrlp read conjunc

with t a dr awi, ngs .i.n
dew@aﬁ%%ﬂm S ettt onsiattor e GPuse: 'ngqm%rgze%@tructure-
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 may be formed when
BRtaF DEIQRIPTION 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 methodk 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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out an enbodi nent of the nethod of the present
invention. FIG 3 represents a cross-section of a
W@ 20mos2oEe that may be forned when carrying oRCT/Y81003/036064
anot her enbodi nent of the nmethod of the present
invention. FIG 4 is a process flow diagram accordi ng
to an enbodi nent of the present 25 i nvention. WO
FIGGois momsesertamaldBtionst suampasens Iioronnact stitcture, as s
cross-sectional illustration of a damascene
knovwm ertherarect structure, as is known in the art.
DETAI LED DESCRI PTI ON OF THE PRESENT I NVENTION 5 I n the
foll owi ng detail ed description, reference is nmade to
the acconpanyi ng drawi ngs that show, by way of

DETAIUED HESERIPTRENIGE THETPREIENTINVENTHOND t he
"—T‘rTve'thTO'n—lTHy—b‘e_p‘r'a—t‘_—d—rh——Wﬁ_d—

ese enpodi nents are

Sk 1 b8 Pl Ping dﬁt%ﬂ%%gﬁ%%@’?@@é BRI (< o

be underst ood that t r| ous mrents of. t
acGQIVRAYIRG drawings dight yéﬁ@y OW%N@'%SP&&@&%HPWWMS in
nmut ual |'y excl usi ve. For exa a particular feature,

whidthr thetinventionrmel desuaeticed.i T memb@dunﬁ@tﬁearﬁ desgribed in
connection with one enbodi nent, may be inplenented

sufficicht detdilltererebhothoserskiled ih hbelbrtotennacﬁcrugtﬁer invention. Itis to
spirit and scope of the invention. In addition, it is

bet g@?stHBG’ ﬂﬁaﬁﬁ@ JafiBas eH’t%dlr%ﬁfs' mh@ﬁnvéftbﬁn 8RABUGH Bffferent,

i'vidual elements within each disclosed enbodi nent

aréé@%tcgézﬁegsgig&%ﬁ@%ﬂxw . BRSPS

f ,
Stripa 1 O regaeisti deSarRechig. &t caecirauH ofle embodiment,
invention is defined only by the appended cl ai ns,
maype pplemasnted withiy pther @mbqﬂlr@ﬁgts\/wﬁmputrd;eprawmg fraythe spirit
of equivalents to which the
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 entitled. In the drawings, like numerals refer to the same or similar
functionality throughout the several views.
A method for making a copper interconnect structure is described. That
method comprises forming an opening in a dielectric layer disposed on a
substrate, forming a barrier layer over the opening, forming a seed layer over the

metal layer, and forming a copper-noble metal alloy layer by electroplating and/or

electroless deposition on the seed layer, wherein the copper-noble metal alloy
4
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clains are entitled. In the draw ngs, |ike nunerals
refer to the sane or simlar 20 functionality
wa boosgzout t he several views. A nmethod for maRCTIYSA03/036064
copper interconnect structure is described. That
met hod conprises formng an opening in a dielectric
| ayer di sposed on a substrate, formn ﬂ 5’.?” er
layeamnrowsa he elechijsahcheractesistichgnd reliabilty of the goRper he
netal |ayer, and formi ng a copper-noble netal all oy
intéragenediystreicher Bjthet am gtcinstoplayes oslcedaddingdayer may then be
deposition on the seed | ayer, wherein the copper-noble

forfiedadn td @ppet N6y PB4/ 053202 PCT/ US2003/ 036064 | ayer
i nproves the electrical characteristics and

rel rPQﬁ o to‘?rﬁehh&f fH2RR6thod! dtitRe ‘b‘?é’élﬁﬁ‘in\féﬁtl%t Hé ei1lus’cra’ted by

Elt er an e stop l'ayer or a cladd |ng | ayer

F'<€§ et rabib sy BRE i Rt oA Eps i fof %?1'%‘3”*“6

5 FIGS. 1la-1f a dlelectrlc | ayer 104 IS for
SU@Stéajﬁélloﬁd'f‘éy fgmmsp@at@&lja S gyfh ag fifcen. 530110‘2" mFad[or

conprise materials such as silicon, silicon-on
gefmaniLiet, indiumgantiraonidey leaddelurides indium arsenidgaindium phosphide,
telluride, indiumarsenide, indiumphosphide, gallium

gaRilfearsenidepor galliunvantimbhideni Althoushtdeved exaveples of materials
exanples of materials fromwhich the substrate 102

frofWhR® tfw@rs'ﬁ%gtré}f@1 AN @@Fbrhfﬁoeareadb‘sd*%& Herd, ¥y Frizdérial

may serve as oundat 1’on upon whi ch a m croel ectronic

th%?r%%fé Sofy i fofidatiory e wilch BBl BORIS Atk AER buit
ormed on the substrate 102. se skilled in the art
fa“ﬁW'Fh'B;S'b‘? &pirjagd tSﬁ’QPet‘)Eéh%P@%? fventieler 104 may al so

be formed froma vari et of materials, thicknesses or

mul {Tihgl diclestyisrlgyest 10dhisformed omytheespbstrate 102+ Fhaseoskilled in the

and 15 not limtation, the dielectric |ayer 104 may
arf willl dpppeeciate thatitd @i&leﬂ:&id layef €04 enhy, also be formed from a variety
of materials, thicknesses or multiple 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 to 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 ("LLPCVD"), 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
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organic materials or inorganic materials. Although a
few exanples of materials that nmay be used to form

w0 b@4dsebectric | ayer 104 are descri bed here, PEEUS2003/036064
| ayer may be made fromother materials that serve to
separate and insul ate the different metal |ayers. 20

he dlel ctric layer 104 Qr.nmed o he
ang @5%%%% SOSIELF 47 ARSI ST totaps bebwen fha ekstrate
., a chem cal vapor deposition ("CVvD'), a | ow
10%ea§§be dietreiric’ 1amiloﬁ4) The @N;Dsreﬁaltowmd béplmraieddong
("PVD'), or an atomc |ayer deposition ("ALD").

enbugh & fbiytheali€létirierlagest04 withtkel debined thibkegy: dnansst
a netal oxide precursor (e.g., a nmetal chloride) and

Eﬁc%%@hgaﬂ‘letlﬂelfe%ﬁlc%%érei ®F [Sshetn JHeWc‘i‘é“ ﬁh“-ick rlirﬂi foke/D

react or I's then operated at a sel ect ed

B R B AT

bet thesbstr nd the dielectri
noa R RSIBGEe Tav T4 Ty cd s anecepaniig 0B Auged in i

to formthe dlelectrlclayer 104 with the desired
(Fighilbknwkish comprises atderstianstviad96, and adlesst oneiteenchy®i7,
104 is about one mcron thick, and nore 5 preferably

whigtt meg heabsad tobcdHHecht@othen metahléyetmintthé nBigfbelectronic device
angstrons thick. The dielectric [ayer 104 may have at

ndt%%Wr@né‘cdb?Glﬂbrtg tﬁé)éoﬁ@érﬁ%d Bahiascéfé %chhuﬁl)e a¥fd Rhown by

conprises at | éast one via 6, and at | east one

th&sreeél{ﬁ'ﬁd%zche A ,&% S8y sﬁ% Uasfg%élf)kr? ftlo trh%(sgts{llﬁlred in the art,

ayers 1Tn the mc A TetYon e devl e

S ceordi to the venti onal damascene
el b b 1o o By IeTa ¥ eBse "oki 11'0d i the art.

As such steps are well known in to those skilled in )

t he Fallewing: thefounatiomet thecopaning i1 88da barnaslayeretQs is deposited

here. Follow ng the formati on of the opening 105, a
ontmthel epening d05XPE5) tc)d®hose skitled 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 layer 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
following materials: tantalum, tungsten, titanium, 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
layer 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 layer makes
6
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onto the opening 105 (FIG 1 c). Those skilled in the

art will appreciate that barrier [|ayer 108 may be
w0 oooaesB202 om a variety of materials, thicknesseSI/U82003/036064
multiple 15 layers of material. By way of illustration

and not limtation, the barrier layer 108 may be

lesBRR tebfipuliBnd 7S G BaRtanEcdnd B0p%t ehohett,

met hods known to those skilled in the art. In a
stryqiyieent | y preferred enbodi ment, the barrier |ayer can

i ncl ude any one of the foIIovvl ng materials: tantalum

t unfyseed layert &idl may them beroptionalipforowshemtheabarriep layer 108

their alloys with nitrogen, silicon and carbon.

(FIGl 1w raal eonprisedoppeo bxcloaivelyi at is bliays with ting indiem,
to formthe barrier |ayer 108 are described here, that

cadrAXied, iEmifen TRA8nESIAM, Qir"l@.rallﬁ?é Nithadcblé hdtamesueh ddsilver,
prevent the diffusi on al across the barrier

pal%ﬁ hél%ﬁpg@?@%&g ({thggm r%ﬂﬁrlgﬁ@rﬁ %H?%sfrﬁlﬂm P U seed
layghso ik Coifbrise nahluRatals S dtsHeyn thase skl s art wil

makes 6 WD 2004/ 053202 PCT/ US2003/036064 |ess. of a
appresiate hatitos seed daversvidr mpy bedormsed e grvariely ebpiséerials,

i nterconnect structure. A seed layer 110 nay then be
thickpesseabl ynuitipledalyears of heateadalr Irea cuergetly pesferregieenbddiment,
and may conprise copper exclusively, or its alloys

thevdddul lta?/ér 1106 bddwezncaistitit IO arf)stdinisiand 2eQ0TEahgstroms thick,
its alloys with noble netals such as silver,

an@@bh@gké@a ﬁﬁér%e ﬁ%‘?&:ég rTHé% H‘,"fber@@h el df b‘l’ér}netal

m um t he see may conprise no

in 18R 57 ﬁ?da fﬁefég@&eﬁ@f@é‘% ?%E#empﬁeesgr %Pﬁ”é%h}or%m
gD Sevasn Sra10.T BRU4 SN RETGPT, Shesped IByer 110 may be

enbodi nent , N
formed on the barrier layer 108 using a conventional deposition method, e.g., a

conventional CVD, low pressure CVD, PVD, ALD, or other such methods known
to fhose 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

electroplating of copper 118. Next, the surface is exposed to an electroplating
7
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10 the seed layer 110 is between about 10 angstrons
and 2,000 angstrons thick, and conprises a

w@oppms32onbl e netal all oy. The atom ¢ percent aper/v$2003/036064
noble nmetal in the seed |layer 110 is preferably about
ten percent or | ess, and is nost preferably between

9 0 e 5 A e
addiB 56 MRl dino B the A Thiae pe sedabe is e Saag laypr 519dhe

such methods known to those skill ed in the art.
seeg) layRiuGhY. awhe eparpmed by theerlestrenlating,process. s thaidiae seed
to formthe seed | ayer 110 are descri bed here, the
layereldd may decont cantinveusevdth thiercopper adoy teyeeri1dl as depicted in
serve to activate the surface of the diffusion barrier

FIG. ay.dn additiopr, ttds td be uneiedsteod thdtdhe fdl‘éi:tl@pﬁéﬂrfgobﬁﬁﬁpper may be
deposition or the el ectroplating of copper.

forrﬁé&ﬁﬁéétﬁﬂoﬁWé’%ﬁ%?'tlayérhﬁneg BRE5e8S égé BBtICFHé? C§r7‘(§ thus the

be per or ned usi ng a conventl ona

ol Bl 8 FERERTE i b 8o e, 10

filled wt usln a direct current (DC)

el dREAQpTEN Qky Eﬁe fPfr t§e4§lecw?l§tm9§03ﬁnonamay

(either the barrl er Iayer 108 or the seed | ayer 110)
COMYiSerGARPSE iPrise sulfuec agil, ehlesitde ipnsteddifives (sugipas suppressors

Next, the surface is exposed to an electroplating 7

ie. pﬁlyetmérwsgmal BOd/doB26(36 8346 6.4. dslifidé)y mobldmetdidons,
a copper alloy layer 112 is formed on the surface 120.

noble me@éidlwdoébmplbxln? Afrits kSLRNad thiddifrads t«an@i %?o*&dnéd]f‘éte)

surface is the seed layer 110, the seed |ayer

Aﬁd@ﬁxghseg@@@f@ﬁ@f'es?éfd’nB%r%Lss@ga&PAﬁirﬁm%@@%aééﬁvé@ahﬂat
s Rt BT, 4 EFOLE ot e i ot s

el ec ating of copper nmay be fornmed directl

to d@ﬁes'&) B‘eemei ;?é'PYS @F ARRPANRNtQ @cyirfagpe puek agihe g’ﬁﬁﬂer layer
and th

108 or the seed Iayer 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 displacement, in which the surface is dipped or
sprayed with a copper containing contact displacement solution, or the utilization

of a seed layer, such as the seed layer 110. During the electroless deposition,
8



seed | ayer may not be present in an enbodi nent of the
invention (see FIG If). In a currently preferred
weniagsizent, the el ectroplating solution may PONPR2088036064
copper ions, sulfuric acid, chloride ions, additives
(such as suppressors 10 i. pol yet hyl ene glycol and

e.
thea%et[ﬁid' lgﬁg{ if (z #ch n1p(.‘s &:?%uéef;' ggﬁtg («%‘}Q{ﬂ@ A S upon which
thecalarighless §PpARURR FalTEs. 11k 5988 o) 86ta Ama fegion which

electroplatlng sol ution are descri bed here, that
cortmls theplacamens ehthe depesitad matadfiom the electrelessaleposition
deposit noble netal alloys of copper onto a surface,

prozes$, zerauise thametal froayibe déctidl8sodepdsitior sdiutiapeniyld@posits
(FIG le and If). Alternatively, the deposition of

on @¥PBEEd MB¥r e op em@rnﬁsﬁbmbr&u@agy oflrRCéIEEISIRSs deposition
.deposition process, which includes any autocatal ytic

me&l?oc?refs'&ﬁs‘?l’\(% gﬁ‘&% glﬁéi‘f‘fﬁ}ezéia t6n! fi &J‘dn‘%‘%)af RERRTEL g

|on o salt ~~and

redu0| as, i,s Kk in the
uni?fm'ﬁpa'@%?nwtgﬁ%%%quifg' VhenitetincBifivess ( ne
barrier |ayer , IS necessary i n order tgugroduce an
act Nexk @Heé the aef@/ated gurface (the seedilayer 110 nibeaguriant e
to the el ectrol ess deposition process. Methods for
embodimentraf the erasentiatention) forelscirdlasedépositibe tias deess
deposition may include contact displacenent, in which

provitieds titié ackvated dupfaed |S)éxpé?dﬁd8tb€tﬂe\&Iédiroﬁe%)@@ﬁcbsmon solution,
cont ai ni ng contact displacenent solution, or the

by Néthbé@tdcﬁfﬂlﬁ nﬁﬁweﬁ‘sﬁﬁ e bedRited SHABcEh EQ?%I/%QFdieésaéféﬁosition

Duri ng e el ectrol ess deposition,

B LR BB e

Fily ol S5 SR B2 £ Bt enton (sce
Flgéfﬁsgstegtgﬁt%letsglye/ d%%%gﬁécti (ce)(rj\ ttrmneata?:ltwaftreg rQutrfg(ce;eel cotroless

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 métal
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
electromigration resistant than pure copper because the low solubility of the noble

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

by the noble metals, as well as stuffing the interfaces the copper layer 112 makes
9
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process, because the netal fromthe el ectrol ess
deposition solution only deposits 5 on the seed | ayer
wai@4/032e¢2 | nherent selectivity of the el ectrol BEBEUS2003/036064
deposition nmethod results in a higher quality
metallization filmbecause it inproves the uniformty

i 5 P S SR 4 000 ) st o
er 110_in the current enbodi nent of the present
Iatqr t5e8y1G. &)- Eh@dﬁtrfﬁw@s‘réh@l@ﬁ@%rf@"%oh%@%@éfﬁllyoe path
provi ded, the activated surface is exposed to the
(shettecetcgifessledtrpoigation, whichtwauld othgrwise hoclsr along thie grain
i mersing the activated surface in an el ectrol ess

bowlRRPIRstdrmNintsr i ddsi Maddition] i nubld hretal resistancs® oxidation
deposition solution onto the activated surface.

preﬁ?ﬁt%' falure®patRE Fhro Hocﬁe %??ék%% &g{b&@ﬂ? gl))bﬁ%(rs bRY& thathay form

he present inv ntl o see

on e BT SRR 8B 126, B el Aol R el s tos-
sV e i B o PR e
gol d, ﬁ i ridiumand copper osm um The percentage
Strldﬁtuimm% aetbgen disclosrd H1GS, lesantbdi)t f our percent
atom c wei ght, nost preferably between about 0.1 and

4 pkisenbe appradiatedithat mullipie layery plomatalkizatioh mag be
noble metals in the 20 copper alloy layer 112

depé&%@&ﬁﬁﬁ)pc@ﬂﬁ@rcdifbbf fieRBNMBEH sthhere F131&RcbRing GPERY
alloy layer 112 is |less prone to oxidize than pure

me?l%lpﬁf th%ﬁr?e%@ntt lﬂ%l'éh]rtfr{ b CHoln i ip rﬁ@ﬁ ® ?rf‘nd %heAfP&j%h‘é copper

copper ayer SO nor
electro r eS| st ant than bec
Al @5HE i B C{%%pvﬁyw'f ﬁ%%%ﬁoﬁr%%rﬁm eliStop tayers
the stuffj n? of the grain boundar| es of the cop go
14 Hﬂ/ nF%)9€¢ qmectébwe theecornsrallpyiayess 14¢, Wék1 (Fis.2). The
stuffing the interfaces the copper |ayer 112 makes 9
etohstop tayeds 32421 FEThaB2o0RrBa&EIBON 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 servé 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 limitation, the etch stop layers 114, 114’

may be deposited using conventional techniques such as PVD, AI;D, conventional

CVD, low pressure CVD or other such methods known to those skilled in the art.
10
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with the barrier |ayer 108 and an etch stop |ayer 114
(which may be deposited in a |ater step, see FIG 2).
wahdiog/oprerent s the occurrence of a major fail uPEI/psion3/036064
(shorts, etc.) for electromgration, which would
ot herw se occur al ong the grai n boundari es and

fion nobl e | st
g Rbieken Edne btangiran dbul PG apes TP e 1000
or por ous copper oxi de that 1y form on the to
angﬂrqraéeAé*ﬁmeebg@h Hop fAyardyde1 114 is preferieq| asg t@ﬂnehl@yer
barrier layer 108- dielectric |ayer 104 interface.
makies dessoha caottibution do thegveral ciglectric moastant of the copper
structure 113 has been disclosed (FIGS. le and 1f). It

inteieohnedtsstapureci ated that nmultiple |layers of
netal lization may be 10 deposited on top of the copper

| Nt ff SRGIRBE EnftdMABHE, @1ckitihg RYERS M 8% 169 ctahebe @i%bneréssly

of the present invention, as shown in

coffie 8, tﬁ%@@@@e@@»ﬁ@é@ﬂz@t@?as% o 4 %‘z&b ers
11%,1121 4 E(EYQ; ;)) f Iad@m%l%%%% ‘Ilcﬁg)%ggsrr@yzpo ;lira eerﬁégle meétals or

se silicon carbide, S|I|con nitride, silicon 15
th%@g&sﬁ with refeastoryaetais:der examplesailver tingsten, aaliadioniungsten.
in the art. Those skilled in the art will appreciate
In atidition heladdio layerp 118y dr6’ hayg cotriptisenelgctoalessly mepobitedncobalt
a variety of materials, thicknesses or nmultiple

mdk@Véllcﬁ,/sq/f/lthTﬁéfm"dt@*y métal1§1aﬁaﬁa;r ﬂqénemet@w(@ befon or
materials that may be used formthe etch stop

t
ARSRAE it e sl it s s IR o o
stoEo '%Q%P%t%@[eéﬁép SFlgerha.glen P oot paed AR AR hign
S R T T
art, they will not be described in detail here. By
1160} 161 Thel eliminatipo of &l etobr stop layedtreduces the effediivetdiglectric

| ayers 114, 114" nmay be deposited using conventi onal
constahhbmhmccmwln atley Rvjar, which improvasttheredéctrical performance and

speed of the transistor 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 resistance, 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 multilevel 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
11



25 CVD, | ow pressure CVD or other such nethods known

to those skilled in the art. 10 WD 2004/ 053202
wEAAS20D3/ 036064 The etch stop |ayer 114, 11HCT/U82903/036064

range from about 100 angstronms to about 1000

angstroms. A thinner etch stop |layer 114,114' is

the B el ool et HeTptttond BT Brbtiids ovire mege:

AR InendRiiig o ayieh snadiicationg: Sfigietipps. substiutions
el ectrol essly deposited over the copper alloy |ayers

andiadditianbe icapsidgredto fallavithie the spipt pag seape pii(he imvgntion as
(FIG 3). The cladding |ayers 116, 116" may conprise

defimed! ey thretadpended ddims. lmbddiienyit ishapmrecated thatrtee fisrjcation
for exanple silver tungsten, palladiumtungsten. In

of PRt metsl laged steudtaseestdopbléubstie, TR #98RIIIcHR substrate, to
el ectrol essly deposited cobalt 10 nickel alloys with

. LI | @i i . .
mah e S i GpcR RV khifinjin 17 fit, Shefbrplc, X s ppRibiated
I for the elimnatiaon.of the etch .sto

thaf e Gl prolfeduiatbMaliial qpty BalbhS of B MherilEhu, e

.to the high  corrosion resistance of the copper allo
miqragieetranio deyipe thatiperaingta e REpatiss &f dhe present inyentighe Thus

elimnation of the etch stop | ayer reduces the
thegiresentiineentionl isdot limited todhe stitctuses descringddaerein.| oy

| ayer, which inproves, the electrical performance and

speed of the transistor device. As described above,

the use of an el ectrol essly deposited noble netal -

copper alloy nmetallization structure increases copper

corrosion resistance and oxidation resistance,

i ncreases electromgration resistance, and decreases

the 20 effective dielectric constant of the copper

i nterconnect structure. Thus the reliability and

speed of the microelectronic device are greatly

enhanced. It is

12
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understood that the present invention includes both

singl e and dual damascene structures, as well as
woredosiosrevel netal lization structures. Alt houghP@T€S2003/036064

foregoi ng description has specified certain steps and

25 materials that nmay be used in the nmethod of the

resent invention, those skilled in 11 W) 2004/ 053202
M‘N /036064 the art will appreciate that many

nodi fications and substituti ons may be made.
Accordingly, it is intended that all such
nodVhatstdlained ist t er ati ons, substitutions and

addi tions be considered to fall within the spirit and

scope ofA ihodvepldting coppededomsrkitey: t he appended
clainms. In addition, it is appreciated that the

fabri Catﬂg?t:ie}?&a %Rﬁgg‘ég&}s Il%nblér BR eAdyriety élbbg@blé‘tiﬁg,a\wﬁérein

a substr suc I con substrat’e, t

ThaeRbptef afor Ve Bdtialy Sqniffes S A REoR! et

provided herein illustrate only portions of an
exenplary mcroelectronic device that pertains to the
practice of the present invention. Thus the present

i nv2nt iTdve methast of ¢lain ddvhereimibheszanper alley layes dy fasegd by
herein. 12 WD 2004/ 053202 PCT/ US2003/ 036064 | N THE
CLAbINGrOlating.s clainmed is: 5 1. A nethod of plating
copper, conprising: plating a copper alloy |ayer on a
surface by el ectroplating, wherein the copper alloy

| ayer substantially conprises copper and a nobl e

metal . fhe E@hﬁ@?ﬁ ng%l@;1 Mfglréetp &%g%%r{‘allkzgﬁa%’rﬁg%rmed by

all oy layer is
electroless deposition.

4. The method of claim 1 wherein the surface comprises either a seed

layer or a barrier layer.

5. The method of claim 2 wherein the seed layer comprises less

than about 10% atomic weight of the noble metal.

6. The method of claim 1 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alloy layer.

7. The method of claim 1, wherein the noble metal substantially

13
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3. The method of claim1 wherein the copper alloy
| ayer is formed by electroless deposition. 15 4. The

woredohos320f cl aim 1 wherein the surface conpri SPCT/851008036064

a seed layer or a barrier layer. 5. The nethod of
claim2 wherein the seed | ayer conprises |less than

about 109% at om.c .wei ght, qf. t he nobl he
o soBPRe arietedrtief o T rwh isbingrh shvet

| ess than about 4% of the atomc wefi ght,. of the co%per
al | Rlladiyre; platinumy, &gy e AutBeniing 9ald, Ndiyey.Qsmipm, and
nobl e netal substantially 13 WO 2004/053202
PCTeausbimapos dtsggof.conpri ses a material sel ected from
the group consisting of silver, palladium platinum
rhodi um ruthenium gold, iridium osmum and

conbi nations thereof. 5 8. A nethod of formng a

copger i At REMBATForming B EdSPIdntetEBrARE, ImPIRAEAG:NY i N
a dielectric |layer disposed on a substrate; formng a

over ¢ ne g 8 Sphlt AR el P BRpBe8T00 2 SiRate:
I th d | wh in th Il
compr i seORUIHEDUT VLAY BRERPTING: The et hod of

claim8 wherein the copper alloy layer is formed by
el ect r opfamingya seed layer over the barrierlayer; and

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

alloy comprises copper and a noble metal.

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

electroplating.

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

electroless depostion.

11.  The method of claim 8 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alloy layer.

12.  The method of claim 8 wherein the seed layer comprises less

than about 10% atomic weight of noble metals.

13.  The method of claim 8 wherein the noble metal substantially

comprises a material selected from the group consisting of silver,
14
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15 10. The nethod of claim8 wherein the copper all oy
| ayer is fornmed by electroless depostion. 11. The

woredohosB20f cl ai m 8 wherein the noble netal conpeT/E8203/036064

| ess 20 than about 4% of the atom c wei ght of the
copper all oy Iayer. 12. The method of claim8 wherein

s AT gl iy RS STt i Bf an

wherein the noble nmetal substantially conprises a
mateambinatiensdiasgof.r om t he group consisting of silver,
14 WD 2004/ 053202 PCT/ US2003/ 036064 pal | adi um

pl at4.nunThe heathodnof claimdéhwherein thelseed layien subsiantiaty um
and conbi nations thereof. 14. The method of claim8

whegsthprisdea resteribpsestected frdntiié grdup comigtingsefcapper, tin,
mat erl al selected fromthe group consisting of copper,

tin |
| num fﬁ‘% A ﬁéf LHBIIaaidrN‘jS’Iatlrﬁ?fh ﬂﬂidﬂjm ru‘[hemum

pl a? eni-um gol iridium osmum

ncoa R Eh SR S Som i BRS Sy e T 8

damascene structure. 10 16. The nethod of claim8
wherein the barrier |layer substantially conprises a
material selected fromthe group consistin

of . , .
t anfal unThetethsd et claim &whergin the peaN g lngbmdéﬁleﬁtﬂc layer is
nitride, tungsten nitride, titanium nitride,
r ut Aelamasoenerstadetureant al um si l i ci de, tungsten
silicide, titanium
16. The method of claim 8 wherein the barrier layer substantially
comprises a material selected from the group consisting of tantalum,
tungsten, titanium, ruthenium, tantalum nitride, tungsten nitride, titanium
nitride, ruthenium nitride, tantalum silicide, tungsten silicide, titanium

silicide, ruthenium silicide, tantalum carbide, tungsten carbide, titanium

carbide, ruthenium carbide, and combinations thereof.
17.  The method of claim 8 further including forming an etch stop layer.

18. The method of claim 17 wherein the etch stop layer substantially
comprises a material selected from the group consisting of silicon carbide,

silicon nitride, and combinations thereof.

19.  The method of claim 18 wherein the etch stop layer is formed by

chemical vapor deposition and is less than about 1000 angstroms thick.
15
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15 silicide, rutheniumsilicide, tantalum carbide,
tungsten carbide, titanium carbide, ruthenium

W@ 2000068202 and conbi nati ons thereof. 17. The nepdDusSN3/036064

claim8 further including form ng an etch stop |ayer.
20 18. The nmethod of claim 17 wherein the etch stop

| ayer substantially conprises a material selected
fromthe group consisting of silicon carbide, silicon
nitride, _and conbinations thereof. 19, The net hod of

cl &@0n 18Thhmeshed pﬁ@lagn&wfugﬂwsblncggﬂhmg farmipg geglagiding Jayer.

chem cal vapor deposition and is | ess than about 1000
angstronms thick. 15 WO 2004/053202 PCT/ US2003/ 036064
20. The nethod of claim8 further including formng a

cl agidi ngrheresthod 3t claim@0whéeth tHe clbddimgd8ysvsiisitamtially
the cladding | ayer substantially 5 conprises a

f er,
T e

A SRR R —

fo 0 .el ectrol ess deposition. 23. The
net@ﬂdjc belaé'P 3heregherein the cladding | ayer

substantially conprises a material selected fromthe
group consisting of cobalt, nickel, tungsten,

titanium tantalum nolybdenum zirconium rhenium
bor2, 1bhehwsthbdofislaimriti wheldimétie daddingdager is foded Ay
copper interconnect, conprising: a dielectric layer

haVé|@gtr@|@S§@@@b§mon a barrier layer on the opening;

and
23. The method of claim 22, wherein the cladding layer substantially
comprises a material selected from the group consisting of cobalt, nickel,
tungsten, titanium, tantalum, molybdenum, zirconium, rhenium, boron,

phosphorus, and combinations thereof.

24. A copper interconnect, comprising:
a dielectric layer having an opening;
a barrier layer on the opening; and
a copper alloy layer on the barrier layer wherein the copper alloy

layer substantially comprises copper and a noble metal.

25.  The method of claim 24 wherein the noble metal comprises less

than about 4% of the atomic weight of the copper alloy layer.

16
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20 a copper alloy layer on the barrier layer wherein
the copper alloy |ayer substantially conprises copper

wana4@msizobl e netal. 25. The net hod of cl ai m 24P@hesmN036064

the noble netal conprises |ess than about 4% of the
atom c vvei ght of the copper alloy layer. 25 16 WO

2004 02 PCT/ US2003/ 036064 h

i nt con £OBPEINLEIRPBACCL O, [a}l]rgﬁzq ;Eléﬁla ﬁgﬁf’&!}%"ﬁ@"}?a
cladding | ayer on the copper alloy |ayer. 27. The
coppeddingtlayeiamihe caipe BPYiayerwher ei n the cl addi ng

| ayer 5 substantially conprises a material sel ected
fromthe group consisting of silver, palladium

pl ati num rhodium ruthenium gold, iridium osmum

t ungpt enTﬁ@@op?ébint@bbmﬁl@cttdﬁ%l‘eﬁmfZG @B erdihe¢he ofmueling layer
| nt er connect of claim 24, further including formng an

doSHis H#fer‘?&%fécté& lFd¥n {I@ﬁfoup@)nsﬁlmg of

copper |nte connect aim 28 wherein the etch stop

'ff‘ﬁﬂivteﬁiﬁﬁt%aﬁ{}ncﬁa ?‘gﬁ\"ﬂ@%ﬁﬁsgﬁh?@fgﬁ* R RURR iy,
nitride, and co %II Or][ﬁ (?r eof. 15 17
tungsten and com |na ions thereo

28.  The copper interconnect of claim 24, further including forming an

etch stop layer on the copper alloy layer.
29. The copper interconnect of claim 28 wherein the etch stop layer

substantially comprises a material selected from the group consisting of

silicon carbide, silicon nitride, and combinations thereof.
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