Passi vation Structure for Sem-conductor Devices

TECHNI CAL FI ELD [0001] The present invention rel ates
generally to sem conductors, and nore particularly, to
a cap layer over a conductive layer in a

sem conduct or devi ce. BACKGROUND [0002] GCenerally,
integrated circuits (1Cs) conprise electronic

conmponents, such as transistQrs, capagi . t he
li ke, foPmssivation Stustotrge for lﬁﬂn‘ﬁb&g}%é al Q% ayers
are then formed over the electronic conponents to
provi de connections between the electronic conponents
19yi de connections to external devices. The
mcﬁgféﬁf}:%ers typically conprise an inter-Ilayer

dielectric (ILD) layer in which vias ' 0 &Sarly, to a
[0008H € fTtue peesent drsieationy reljtes egerally WéPlglw%@%g)ﬁ%%gg%gsgfﬁe Y
process. [0003] The trend in the sem conductor

cap 15;%&3'6%&)éoﬁcﬁxcti%y@iénahemiﬁpﬁﬂl’&@ﬁfl?‘ﬁ%ﬁi on or scaling of
I'ntegrated circuits, in order to provide smaller ICs
and i nprove performance, such as increased speed and

E decre d power consunption. Wile alum num and
BAQEQH@@S@ al loys were nost frequently used in the past
for the material of conductive lines in int egrat ed

[oooij'of C UsdrBrally NRtegtstddaitouitt @Ss)bompriseslessi@nicsBFRPR LY Sych as
conductive material because copper has better
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an inter-layer dielectric (ILD) layer in which vias and interconnects are formed, usually with a

single- or dual-damascene process.

[0003] The trend in the semiconductor industry is towards the miniaturization or scaling of
integrated circuits, in order to provide smaller ICs and improve performance, such as increased
speed and decreased power consumption. While aluminum and aluminum alloys were most
frequently used in the past for the material of conductive lines in integrated circuits, the current
trend is to use copper for a conductive material because copper has better electrical
characteristics than aluminum, such as decreased resistance, higher conductivity, and a higher

melting point.

{0004] The change in the conductive line material and insulating materials of semiconductor
devices has introduced new challenges in the manufacturing process. For example, copper

oxidizes easily and has a tendency to diffuse into adjacent insulating materials, particula}'ly when




oxi di zes easily and has a-tendency to diffuse into

adj acent insulating materials, particularly when 1 a

| ow-K material or other porous insulator is used for

the ILD layer. To reduce these effects, attenpts have

been made to forma cap | ayer conprising a single

| ayer of CoWP over the copper material. Wile the -

CoWP cap | ayer hel ps .reduce e ' j.ON these effects,
a lowd mioss g ogier PRI BB Fises 0f 1S TLEFhis o RGuce

€ surrounding |ILD
| ayer, the CoWP_cap | ayer does .not cont.ai WiSsler the copper
attemp hes tean qadb 1 f08B #cap 1y PIEOTRASHE 5 &P%%Eg?aﬁm e

As a result, voids may form between .the l. :
materidheWhile pimeCo Witcep laxbr BelmOeHFe e QBN F%ﬁi,c‘ﬂ&\ﬁsé‘?’}é‘?{%‘gg&’pﬁ nto
need for a cap layer that elimnates or_ reduces.
the suitbuh AEEILIN agen thedDoWR dapllay éropompt sontpidhe britRfbpTigRavalitis to
material into adjacent insulating materials while th
he m%gggng oBShegRtbral Nesi RBulgveids triap orobatweerctbp gRpyss and the
materral.” 2 SUMARY OF THE | NVENTI ON [ 0006] These and
é)rtnga?{riam obl ens are generally solved or circunvented,
COPPYY, echni cal advantages are generally achi eved, by
preferred enbodi nents of the present..i nventi [
[000]r ov iAdesrdingtya pheraig@meest BF 2 argya Rt R &F | ggflxggﬁﬁ}gace
sem conductor device. [0007] In accordance wth a o while
migrfioh @sd tiERioniof theopduetivnmateiuldnipiadisced SBAHEYTPHT
- formng an interconnect is provided. The nethod
Pf“?‘é"?%g@?‘ﬁ‘egb’?ﬁgﬂ?ﬁt‘?‘g??n‘-s’fmmmmm conductive | ayer
; g afirst cap | ayer over the
conductive layer; and form ng a second cap |ayer over
the first cap |layer, the conposition of the first cap
layer being different than the




conposition of the second cap layer. [0008] In

accordance w th anot her enbodi nent of the present

invention, a nethod for formng an interconnect is

provi ded. The nethod conprises providing a wafer

having a conductive layer forned in a trench; and

formng a gradient cap | ayer over the conductive

| ayer, wherein the gradient cap |ayer has a higher

concentration_ of g%rst el ement near the conductive
SUN@@&%YTﬂiﬁﬂﬁdﬁvﬁﬁﬂﬁg rdance with still another

enbodi nent of the present invention, an integrated

{ooogi re 5.%54 5 AR ip B bms BRG g dnidiaflg k 6llvedlonditcomiventerh apd tegkncal

conductive layer in a trench of a first dielectric ich
layer: At 8R4 ANELRRB] bHBodiRBEY 6f thi Prekeny érventiomdwhic
: adva%ta%eggge n%%’%ﬁ%%@%}r%db'ﬁ'}?iee first cap layer. [0010] In

accordance with yet a . [ iB& present
e el S T I o

integrated circuit conprises a conductive |ayer in_ a .
[000%]" €N a8dordanté Hth an dinbbdiaient of theyresent inventigngyaethed for forming an

cap layer on the conductive layer. 3 [00111 It should
inter@nR R £6ViBLE dTiméthaB@ntistd mviting aiverfariavins atcondustive layer

C

onception and specific enbodi nent disclosed may be

form%qe ﬁ%&éﬁgﬁf'ﬁ%‘{nﬁlgg S cfp RS ovel @B cHILAYW 1ngromddesiigna segond cap

es or processes for carrying out the

sane, pyrposes of .th | WENab Bver bdinSdidetetit than the
laYeréﬁ"%thE g‘ﬁegﬂ? ?’%ﬁérdthﬁﬁg Tﬁ%sgﬁ;b %E’E iﬂ}ﬁd i g@%}he art that such

equi val. ent constryuctions do not depart from the
com@;:}gmomofﬁw(;e@egﬁép ®ft he invention as set forth in the

appended clains. 4 ) _
[0008]  Inaccordance with another embodiment of the present invention, a method for
forming an interconnect is provided. The method comprises providing a wafer having a
conductive layer formed in a trench; and forming a gradient cap layer over the conductive layer,
wherein the gradient cap layef has a higher concentration of a first element near the conductive

layer.

[0009] In accordance with still another embodiment of the present invention, an integrated
circuit is provided. The integrated circuit comprises a conductive layer in a trench of a first
dielectric layer; a first cap layer on the conductive layer; and a second cap layer on the first cap
layer.

[0010] In accordance with yet another embodiment of the present invention, an integrated
circuit is provided. The integrated circuit comprises a conductive layer in a trench of a first

| dielectric layer; and a gradient cap layer on the conductive layer.




BRI EF DESCRI PTI ON OF THE DRAW NGS 100121 For a nore

conpl ete understandi ng of the present invention, and

t he advantages thereof, reference is now nmade to the

foll owi ng descriptions taken in conjunction wth the

acconmpanyi ng drawi ngs, in which: [0013] Figures 1-4

are cross-section views of a wafer during various

steps of enbaodj nent. of t.he, pr, ' L&tbn and specific
100110014} hepGe Bpisoigieg pg e skl ELERSR B b and o

during various steps of, an  enbodinent..of f .
exnbadmentlisehsecmey ol w1 e & oo 1 i ind J SeRERRE Blher

of a wafer illustrating an interconnection j.n__ .
strucRIES@T paiTesesior PArainSeHs Gl ﬁ%ﬁﬁtp“ﬁ’los?sr?g rpégsgﬂé invention. It should

i nvention. 5 DETAI LED DESCRI PTI ON OF ILLUSTRATIdVEtd art from
also EMBORIVENTHsE S0HE] inTheearhthit svgh sarivalet ResEPeiqys do not dep

presently preferred enbodi nents are di scussed in
the sEigit Md scofrdfane invéntivhas bel foreh mphe apperded¢laimdwever, t hat

he present invention provides many applicable

i nventive concepts that can be enbodied in a w de

vari ety of specific contexts. The specific

enbodi nents di scussed are nerely illustrative of

speci fic ways to make and use the invention, and do

not limt the scope of the invention. [0017] The

present invention will be described with respect to

enmbodi nents in a specific context, nanmely formng

copper interconnects in an internetal dielectric

'ayer. The invention nmay also be applied, however, to

ot her designs in which it is desirable to limt

cont am nati on




between materials or to increase adhesive qualities of
successive |ayers. [0018] Figures 1-4 illustrate
cross-section views of a first enbodi nent of the
present invention in which a nulti-layer passivation
structure is formed on a netal |ayer. Referring first
to Figure 1, a workpiece 100 is provided. The
wor kpi ece 100 conprises a seniconductor substrate 110
having a fir formed thereon. The
BRBQ%HE@&EHUE@Bﬁéghté%ﬁé?qyﬁf may ‘conprise silicon or
ot her sem conductor materials. The sem conduct or dvanta
100181105 iR @aokd BorfiBliste valicrstabding ofiio preent inrentioneand the advantages
conmponents or circuits (not shown). The workpiece 100
- .thereﬁg%f‘eﬂéﬁ ud ﬁow%a!a@ ko HERSIHihY @estraptons taken it dosjunction with the
m conductor elenments, e.g. transistors, diodes, etc.
019] The.fir D Iayer 112 may conpri se diel ectric
ammhg ¢§W§ﬁ%h§§@h@|||con oxi de or dioxide, which has
a dielectric constant of about 4.0. Alternatively, and
[0018P' € Fip@bet-abkycrotshectidn visws dflapvafer/diring Yorioussipps ok
| ow K dielectric materials, such as materials having a

embgdlﬁgﬁ%@mecpm@@ﬁﬁt@ubn(m Iess than about 4.0 (or the
dielectric constant of silicon d|0X|de) for exanple.

The low K material may ¢
[0014) arroFiguies kb AESBBrCTRI PP LA g gﬁ@.]lsest s gfen
fluorinated silicon oxide glass (FSQ, SlCMCY
emb&jiinen tOf {18 present iBpéntiomAnko| yrer s, silicon carbon 6
mat eri al, conpounds thereof, conposites t her eof ,

ol % t i ibi 20
o013k, S%ﬁﬁ;%@'éggrésggef éfﬂ?% layerlgdsh[ﬁﬁn %?n%dﬁ??ﬁtst

ILD Iayer 11 ferabl K dielectric
accosdpnes VER ﬁ%@mﬁﬁ 3 ¥#5ﬁ?@xﬁethod known in the

art. In an enbodlnent the first ILD layer 112
conpri ses an oxi de that may be formed by chem ca
vapor deposition (CVD) techniques using
tetra-ethyl-ortho--




silicate (TEOCS) and oxygen as a precursor. The first

I LD layer 112 is preferably about 200 A to about

10,000 A in thickness, but nore preferably 2,000 A

O her thicknesses and materials, such as silicon

oxi de, may be used. [0021] An opening 116 is formed in

the first ILD layer 112. The opening 116 nay be a

trench ' EMBOMINGERTS conducti ve
DET%D%&@'Q@&@?%U%?%%I e, in an enbodi nent,

the opening 116 conprises a long thin trench thgt i S in detail
[Oﬂl(ﬂel atpK elakinplandiugi of the prebantly peafevedserabrilimert ¥8 Beuspyf

ends or other patterns to form conductive |ines licable
below! i E&lldéﬂ(ﬁbé"%ﬁp%cia{t@i{ fbwevef, 802 e pRésentopesnitioy PIOVEleHBPIHZPP!

or e y photolithography techni ques known in tgﬁ sific
. rt. it Hagieaphytytof spevifpuestexiy P& EPC
lnveﬁwﬁmc%@g{agh%?%er%g}%gghﬁateriaI %tgot shown) and

embq?léﬁ?r&%%gﬁtag PR ARl B8 Sbballic Waysanadant asarbe faveation,

photoresist material is then

devel oped to reppve a E)%rti on of the photoresi st
anddmloékmwﬂ}e%qqg?i%ﬂ@e&z’ﬁ‘& I'ng the underlying material in
accordance with the desired pattern. The renainin

[001@“0t th%?résbnﬂﬁ{@ﬂ'tibﬁlbvill b deiseritfed witherespedicp |e§nbg@mmtlsgq 3 specific-
romsubsequent processing steps, such as etchin

comef’xgpf . %l%‘}gx_xﬁiglﬁ gB;Se}{th&é?soxﬁQ@ﬁn&g itdfindtal didlectiic lager. Hhpyinvention

ching process may be a wet or dry, =
| sot ropi, G Or 1 SOt LORIdEsoRlE WhRhIEE Fssirabletto pimefcontabigation
A

ropl etch process. After the opening

116 is formed in the fir : Jd Bvelshe
betweeBpETHg %Wdf“&fPae"&iagtt?‘VFﬁ{‘%iﬁ‘gL?%n%é@éésel e . Gther
processes, such as electron beam|ithography (EBL) or

[OOIPES , %’i@ﬁlies TRYBar érgdgfsgﬁio?aviﬁs?ﬁ?ﬂ;ttgaggggiﬂgﬂg 2%%2 I::?eﬂt
invegt?o%vig whicha ﬁgﬁgla%rﬂi&g}aﬁé@ﬁﬂﬁﬁﬁ@iﬁ @ormed on a metal layer. Referring first
to Figure 1, a workpiece 100 is provided. The workpiece 100 comprises a semiconductor
substrate 110 having a first ILD layer 112 formed thereon. The semiconductor substrate 110
may comprise silicon or other semiconductor materials. The semiconductor substrate 110 may

also include other active components or circuits (not shown). The workpiece 100 may include

other conductive layers or other semiconductor elements, e.g. transistors, diodes, etc.

{0019} The first ILD layer 112 may comprise dielectric materials such as silicon oxide or
dioxide, which has a dielectric constant of about 4.0, Alternatively, and more preferably, the
first ILD layer 112 comprises fow-K dielectric materials, such as materials having a dielectric
constant (K) less than about 4.0 (or the dielectric constant of silicon dioxide), for example. The
low-K material may comprise, for example, diamond-like carbon, fluorinated silicate glass or

fluorinated silicon oxide glass (FSG), $i0,C,, Spin-On-Glass, Spin-On-Polymers, silicon carbon




process for illustrative purposes only. O her

processes, such as a dual -damascene process may be

utilized in accordance wi th an enbodi nent of the

present invention. For exanple, a dual- damascene

process may be utilized to forma trench and a via

t hrough one or nore layers of the first ILD |ayer

114. [0024], Aft | ' Gheréoff Thefirst ILD
matersh spppua g PR el K Bt oren

formed in the enin The first barrier layer 120 may
layefﬂabzl‘léi’?@ap%?e"dﬂgmﬁwo &% adhesion |ayers and/ or

barrier layers. In an enbodiment, the first barrier
[0020]2Y €Thd Rkt NISD i EID io prefensblya lowrst dieleatyie pptasial formed by any
éonduct ive materials, such as titanium titanium

suitallb hethd @6% AT fromteMbelintnt, thefrst LAY laydrel 1 ickmprises an oxide
an exenpl ary enbodi ment, the first barrier |ayer 120

i . i - H -l 0 h ~
that . Jﬁ%{ngngegrb%{)@@pw &b[pbﬁa’e?[mﬁ&n g(’ﬁe\gﬁ{)?b%m tsihg etasthykortho

ant al'um deposi techni ques. In

s‘ilica%e?d’.ll‘ %Q%S%cﬂﬁ!)%%?% i aaélrgceliré:o(%n?bgﬁngf P pkBesS i9hrefdibly about 200 A to

ant a ayers is about 5 Ato

 abon %%q%tot /f],gl o@éﬁ%g&% rgl]owgggf'ﬁﬁgg@%@ ‘%‘érgtﬂeggglﬁ%@g&kg drRidnaterials, such

perform ng a bl anket deposition process to a thickness
as silsoe bxidhanaythesebeni ng 116 is at | east substantially

filled. The conductive layer 122 may conprise netals,

0021} MRl AlentiE! e 3120Thé Bsenirigld 6 nhay be 2
[0021] . gg&en n%eglr}xg Igﬁgsofaﬁﬁ&ﬂﬁ kel fR5k TL AL r brenlrighl

I ment, the conductive |ayer 122 is

trencﬁ,fy% g{) 8@;-’? fmﬁﬁrﬁgou C%Ll?’agcén%cgtﬁfg ]%éf O¥ b ksthed EFbQxEREle, in an

e yer rmng an

el ectropl ating process. [[0026] A pl anaii d :
ermbigiroensshs oRspite Ha campREA e o iaft RS eB bimight, or tha

may be perfornmed to planarize the surface and.to ctal layer
curvesend digressesds benfls posiheipagems o cepqughv v & 8 :

the first barrier |layer 120 and the conductive |ayer

- [0023]22' The opening 116 may be formed by photolithography techniques known in the art.
Generally, photolithography techniques involve applying a photoresist material (not shown) and
exposing the photoresist material in accordance with a desired pattern. The photoresist material

" is then developed to temove a portion of the photoresist material, thereby exposing the

underlying material in accordance with the desired pattern. The remaining photoresist material

V'protects the underlying material from subsequent processing steps, such as etching, performed to

form the opening 116 in the first ILD layer 112. The etching process may be a wet or dry,

~_anisotropic or isotropic, etch process, but preferably is an anisotropic dry etch process. After the
‘opening 116 is formed in the first ILD layer 112, the remaining photoresist, if any, may be

removed. Other processes, such as electron beam lithography (EBL) or the like, may be utilized

to form the opening 116.




[0027] Furthernore, a preclean process may be
perfornmed to renove inpurities along the surface of

" the conductive |ayer 122. The pre-clean process nay be
a reactive or a non-reactive 8 pre-clean process. For
exanpl e, a reactive process may include a plasma
process using a hydrogen-containing plasm, and a

[0023]|n g ,n n gt% gﬁlld g? agtl%g ﬁt'glﬁ ﬁ‘ng%?gcejssrlﬁgcu%gﬁi Godvk ASIBRIbRd @ Eiagle-damascene

ining or I um cont ai ni ng
pl asma. The pre-clean ocess | fQ1-BarRhsREdBhrocess may
procepy fot dlystratiyp RYTPRSE ST r@%‘f’réﬁocﬁ s@?’,ﬁg@‘gagglvcgﬁg ases. [0028]
It should be noted that, Fi e 1 illustrate le. a dual-
be utitiptd iometordanbowithen embA e the ese&%‘ﬂ‘é%‘{:"t%.h\/ Fof éakaly e 152

is recessed in the opening 116 fromthe surface
damabéens procesDmayypentilizel to famea rercd a8d ayip ‘Efé’“g%f’%‘(?f %ﬁ‘{e i’JA’S‘% of the
the pre-clean process or by a separate process step.
. frst 1D @4, enbodi nents, however, the surface of the
conductive layer 122 and the surface of the first ILD

| ayer 112 may forpp. substanti 50 8 '4hd a&Rluctive layer 122
[00241002 fterfhp ArEnIDE ilf%ifm%d‘é‘%ﬁk%é%ﬁ%‘%ce 100 after a

glue layer 210 has, been.fornmed in W iforepdiihesion
are f@mied di the apening. tHe ﬁﬁ&‘é‘l’”ﬁr?ﬁyﬁﬂl t'?%’nb.% Faferably, the

material selected to formthe _glue.layer LPbdoh
layerg atloretutries laynrsp Ropeembedimapt; e T léé s foRbof ohe or

conductive layer 122. In the enbodjnment jn which .t s
morIRyI6T doMeudtiay ertetia, sush amﬁmmmofitae@fﬁp@wd&r tagy ‘B‘bﬁ%‘}%“m nitride,

conpound, it has been found that a relatively purfe hin laver of
or thé B8 - In alle§@hlhry AR dRAere qhafirst mmidydayer BE) is fpraadotggnin 12y

metal alloy of cobalt (Co), nickel (N), a combination .
tamaif,lﬂ'gr ‘%@i’ée anafafwmag)e} KfaRiaRint @k?asite@ b9 Vaiteekiigaes. In this embodiment,

MY %es. e dlue layer 210 may contain Otheréetnbtv 300 A

el erents, Such.as, Lunash; RRGRIACIGES is dtuyHdenahout 300 A.

the qom@meg Hpckpgsss ,thec%ltlrf%i U hifite aod ¥

nat1ons thereof, alloys thereof,
or the Iike.

[0025] The opening 116 may be filled with the conductive material by, for example,

performing a blanket deposition process to a thickness such that the opening 116 is at least
substantially filled. The conductive layer 122 may comprise metals, elemental metals, transition
metals, or the like. In an exemplary embodiment, the conductive layer 122 is copper. The
conductive layer 122 may also be formed by depositing a seed layer and performing an
eleciroplating process.

[0026] A planarization process, such as a chemical-mechanical process (CMP), may be
performed to planarize the surface and to remove excess deposits of the material used to form the
first barrier layer 120 and the conductive layer 122.

[0027} Furthermore, a preclean process may be performed to remove impurities along the

surface of the conductive layer 122. The pre-clean process may be a reactive or a non-reactive




The glue layer 210 may be formed by any suitable

nmet hod, such as an el ectrol ess process, a self-

assenmbl ing process, a selective chemn cal -vapor

deposition process, or the like. [0030] In a preferred

enbodi ment, the glue layer 210 is formed by an

el ectrol ess process and is preferably about 20 Ato

about 20Q_A in thickness. A SaH08 ABREma progéssesing a
pre-cle@(y@pcez&%oﬂ%?mﬂes% rr?agtiv% g}ctg Ssana’el phos pﬂ%lr ous may be

formed by an el ectrol ess proc LB 1AdmaQito®ks using an
hydragee-otnigining glesma,gyepron %}{e pr§§e§§ E%ly Iﬂl&ke ef'i‘g% ng a

reduction agent of NaHzPQr 120, .a _C 04 ma
argorNaRGhti OnygoptRining plazee. i%? P(?aﬁl?aé‘ri’?%%*e %éa%@%osi ?.9%”?1

tenperature of 70-95 C. [0031] In another enbodi nent,
P o ol act T ol bws_ process. Using o solut an of

cobal t salt, i 1448 dplilsal emibodintent in which the
[Oozﬂedué't%hBﬁdé?ﬁélﬂ%%ﬁdtﬁﬁf? ﬂl(u%%sZNH H3, or the like, a

oL ST OL NS BT T80 2 quSBoFliomR LD aer 12
con = : I'S enbodinent, it is

preferred that a stabilizer be use k8@l step. In other
‘The ®uas wor babrned dudne %ﬁ?f%‘éeat??é%".essdrﬁ’éra 3 gtrgitpal s an

processes may be used. [0032] .Fi gur i e #8st ILD
mbioekns. osewnohasbes af paserdsaivedRib L7 i o AR 51

has been fornmed in accordance with an enbodi ment of
layer 11 nRfy§6:@04 subswetisliyoplanaPswsfase.abl y, the materi al

sel ected to formthe passivation/barrier |ayer 310

hi bi d adhesi : ; I y
[OOZSI)EOI al%itglfrg gg@usggyepi Slve(ir;r}c@rs%?l?llbtahg& Pad Ryt 0Hay Beenl fosnead in

es to prevent or reduce

di ffusion fromthe conductive materd [ f1isbisdted t¢
accotdaBicd wiftean dnitiodimens ofi e DReERIR LN |¢{g¢eﬁaé’h£&‘r§eo‘g’?§n%%f’é' °

in
whi ch the conductive |ayer 122 is forped of,co laver
fornPth§ BB BfyecTI0Eatibits goatl adhesion PrePerHSAN! ugg?{yru?é%zlalt‘gﬁe aye
_ and/or Ni, it has been found that a netal ?l | oz of or
122 Cﬁhﬁ+ Lmbddehent M SAsih the\bondudative bryts 12t fommed gF gQPPCT Q2 COPP
the Tike
| i bout 95
compound, it has been found that a relatl.vely pure (e.g., greater than or equal to abou
atomic %) metal alloy of cobalt (Co), nickel (Ni), a combination thereof, or the like provides
| ‘good adhesive qualities. The glue layer 210 may contain other elements, such as tungsten,
phosphorous, molybdenum, thenium, boron, combinations thereof, alloys thereof, or the like.

" The glue layer 210 may be formed by any suifable method, such as an electroless process, a self-

assembling process, a selective chemical-vapor deposition process, or the like.

- [0030} In a preferred embodiment, the glue layer 210 is formed by an electroless process
and is preferably about 20 A to about 200 A in thickness. In an embodiment, a glue layer 210

comprising cobalt and phosphorous may be formed by an electroless process using a solution of




| ess pure (e.g., less than or equal to about 95 atomc
% than the glue |ayer 210 provides good adhesive and
barrier qualities. The passivation/barrier |ayer 310
may contain other elenents, such as tungsten,
phosphorous, nol ybdenum rhenium boron, conbi nations
thereof, alloys thereof, or the like. The

cobalgéﬁ; I@éétb: (ggéqk@é{ tilg &E%?Q{ Ba %é{?%p;géégélﬁ of RETED J2H,aNy complex

rol ess process, a

sel f-assenbl i ng process, .a selectiy ] 5tUARRIE70-95° C.
agenttE PasCAsOm2HRP gridssatrfags actiyghon;ap .adfb%ég'?%lﬁ&ééa

preferred enbodi nent, the passivation/barrier |ayer

10 i.s - (RGhved b 66 Sorpristms®balhand korehBay be
[°°3§0 Al?gﬁogg%%&b%b@t’ia%hth'i)r:kness.lmlin an enbodi nent, a

passi vatl o/ bal | i DA datd UGCE,dhEBO,orthelikeusinga
form ﬁ%ﬂh%?cfﬁ? ess glﬁaésggx?ll&%i{ r@ﬂél;/x&%rgofgcgr A e 4

el ectrol ess_npr I:ng .8k asett aF NasaiHEQ72H0 ata
redugtipmiagent 8§§@ﬁ‘h gﬁﬁgﬂgﬁﬁfgemﬁtg? ﬁiéé’”g cr8 educ talg on agent of
NaH2PQ2. 2H20 and NaBHA, NHBHR that K Stabiizer be used
depositioptemperignof G5 r\%e}%éﬁé%bé eﬁpﬁés g’%ﬁ%@?t i on
tenperature of 70-95 C. In this enbodi ot 11a® be used.
and gptiehelsnsiate avtivation may HpuFsdy é?}tgqsénaa?élgﬁ agnﬁﬁ)%dgﬁ%#g o
surface activation may be used. [0034] In another

[003§£Jg g%g&@bﬁg@sﬁnﬁ% ﬁ‘levv@(;rléﬂgéebl@b lR8 a padyiedtionRidrnben hgyet 31 (haps been

of ous, tungsten may be forned by an

form% %%o@;'é%%&ﬁ&%%eeﬁ.ﬂ:gﬂﬁﬁg ?ﬁgﬁ g}eyéd.t RveRiiors Poetetablys thietmaterial

a sol ution of

(NHA) 2V01, NaWiot,  Ha[ P(VBQI0) 4. o b RogéRieaavih the glue
selmwoéomﬁe@g%ﬁﬁtlwb%ﬁééﬁé%%‘blg %’8%@1&102 FopeRle

layeﬁ'\lz'a 1%?&5%%3 ﬁgﬁgmﬁeséggggé%g ?eguéeegﬁﬁéisé §'%n|%0tfr?]§ B%n???tgire material
into lﬂiyﬁer;t Ii%)ola;e? rlrrl)é IorS (I)ﬂrlgr ngaotgr?allst . ’Inttlgjenegn?l}o%gltﬁent in which the conductive layer
122 is formed of copper or a copper compound and the glue layer 210 comprises Co and/or Ni, 1t
has been found that a metal alloy of cobalt (Co), nickel (Ni), a combination thereof, or the like,
less pure (e.g., less than or equal to about 95 atomic %) than the glue layer 210 provides good
adhesive and barrier qualities. The passivation/barrier layer 310 may contain other elements,
such as fungsten, phosphorous, molybdenum, rhenium, boron, combinations thereof, alloys
thereof, or the like. The passivation/barrier layer 310 may be formed by any suitable method,

i i ical- sition
such as an electroless process, a self-assembling process, a selective chemical-vapor depo

process, or the like.

[0033} Tn a preferred embodiment, the passivation/barrier layer 310 is formed by an
electroless process and is about 20 A to about 200 A in thickness. In an embodiment, a

passivation/barrier layer 310 comprising cobalt, phosphorous, and boron may be formed by an

10




and boron may be formed by an el ectrol ess process
using a solution of cobalt salt, CoCl2, CoSO4, or the
i ke, and a solution of (NH4)2W4, Na2WwHA, .

H3[ P(WB010)4], or the |ike using a reduction agent of
NaBH4, (CH3)2NHBH3, or the |ike, a conplex agent of
Na3C6H507- 2H20O at a deposition tenperature of 70-95 C

electrqlalgsstpgig%:sse gs?fggdaio%'ﬁﬂ}on oF Lotlaft PQ&%&EI{,%SOQ%& it likeabingiazeduction

I'onal "surface activation my be used.
[0036] | n_anot | AIiKe At dopitidedpent of
agentloﬁw&ﬂ@ﬁfw%ﬁ "'@(ﬁ?z:t, HaFFDOIbedenum and tungsten
may be formed by an el ectrol.es$<Ppo UHoBBnedt, it is preferred
NesCoBuBHR 267 deponion ngpaiaire 85 2155  LORERS ciolnehy. it s
and a sol ution of (NH4)2MX, .I\IaZND(%, the |ike
that asabilizenbe wsed and osigngl suricesAN@HB B Y. a conpl ex
agent of Na3C6HSOr 2H2O, and a deposition tenperat ulre
m{}&ﬁf 79{1 %?otﬁér /ehi%géiyen!, R pARREAST/HARBOEYIBI0 corpprising cobalt,

assivation/barrirer ‘[ ayer 310 conprising cobalt,

| ybde nd_bar Yoed usttlgerdohaioasd cobalt
phosgppscaa e e R oy AR SRR e

salt, @C&fﬁ@s‘gb{, rhtgcﬁ tllcql,( glkieaa{??ut%n%? k’fﬁlﬂﬁW@i NEJWE), VW 3010)4], or the

sing a reduction agent of

NaBH4, ( CH3) 2NHBHS, e.like 0L-28t0, and 2
like us@@RIHELOR PO a{ﬁ@%@% 5?4 %qu%n%@fﬁaég gofg 9/o- 95

C. In this enbodinent, it is preferred that a
depositiabielipemturbef 1052 C.and optional surface activation

may be used. [00381 O her processes and materi al sbrr?y on

e used. 410 ' lassiviBiofbbi@ieflagler 310 comprising cobalt, tungsten,
Wm%assisl{?g??%ﬁr/%ggropﬁeﬁlggsesrs may be formed of a material

conpri sjng nickel . .[0Q0 LGN Eind aisblutist &ftobait §aieCoCly, CoSOq,
and bagpprE be it B hsieaipappos B e ol

i'onal etch stop |ayer 410
or 'rhg1 ?il?e,a;.nd a solution of (NH;)2WO4, NagWO., H3[P(W. 3010)4], or the like using a reduction

agent of NaBH,, (CH3)2NHBH;, or the like, a complex agent of Na;CsHsO2H0 ata
deposition temperature of 70-95° C. In this embodiment, it is preferred that a stabilizer be used

and optional sutface activation may be used.

[0036] In another embodiment, a passivation/barrier layer 310 comprising cobalt,
molybdenum, and tungsten may be formed by an electroless process using a solufion of cobalt
salt, CoCly, CoSQq, or the like, and a solution of (NFH4)2MoO,, Na;MoQ,, or the like using 2
reduction agent of NaH,P0O,2H,0, a complex agent of Na;CeHs07-2H,0, and a deposition

temperature of 70-95° C.

[0037] In another embodiment, a passivation/barrier Jayer 310 comprising cobalt,
molybdenum, and boron may be formed by an electroless process using a solution of cobalt salt,

- CoCl,, CoSO4, or the like, and a solution of (NH4)2MoOs, Na,;Mo0Qq, or the like using 2
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second I LD layer 412 have been forned thereon in
accordance with an enbodi nent of the present

i nvention. The etch stop |layer 410 naybe forned on the
surface of the first 1LD layer 112, and the second

I LD | ayer 412 maybe forned on the etch stop | ayer 410.
It should be noted that a planarization step, which

may be perf etk k£ Adenpof N U@, 2H0 ata
reduction ggent MM@@%’%&%& U%E‘lgcﬂ;l?l t%ét he formation
of the etch stop I 410 . T t Red &4E4 statiilifer be used
depositign tBaperaRRef 7(9f95a%§ %lé F’ing?(ﬁlsﬁ%t f Iir;lsrp':)t\t‘:/iigd es a
hi gh-etch sel ectivit%/ bet ween the etch stop |ayer 410
\ {

and optichal hefase befivgtiethipy D¢ Bfled second | LD | ayer 412.
[ 00401 The second ILD layer 412 is preferably-forned

[0()3#1f a o p%oc%'fsﬁls Q{ft} b ErifTe iRy bakseds U partiaar, the glue and

| uorostil'icate glass (FSG or the like. In an

.exenpl ary, enpodi $e8anlcdhpisiyeickel12 i s
Pass‘V%PgE’&“l%lﬁga&agﬁ%ﬁ%édg{?gh stopcl ag?(lar 410 i s forned

of SIN SIC, alowk dielectric film. or he Ili k?zquanda
(0036 N |FByae 4iiystbes orwekhieded 00 sfterAs| aption) etch stop 1aye

pl asma- enhanced chemi cal -vapor deposition (PECQYD

seoor&geﬁ.plia?éfeﬁz hawsbdeh formSHtHeasoarin agepr cq‘@ﬂhguerglzpdgg%ayﬁf the
referably, the etch stop |ayer 410 is about 50 Ato, =

pr&seiggl%%ﬁ"ogowe{cﬁ stoBilsfen#EEmayphtotthed srethe merface pf theyfls y

about 200 A'to about 10, 000 Ain thiyf(gg{egf’ldbenoted
but .. nor e o orfthe ERA4tbD ldyey t shog
112, ap @gls?cgpgﬁﬁf)ﬂ Ao ARPBY for e

€"Cro s.-secti on vi ews pf a seconpl enbodi nent
that gfalyg‘n% éf%%&ic@ﬁxagmﬁe@gﬁo@bgyga?gh%ﬁxé&%-?{%ggiécatpq:hshmg (CMP)
prockssrmeios periorh AR & P B SE PSR SR 1§ A0 Rech sop ver
IRUHCTLERANR R = eyt et TR

reference to Figure 1.
layer 410 and the subsequentiy-formed second ILD layer 412.

[0040] The second ILD layer 412 is preferably formed ofa low-K dielectric material, such

as fluorosilicate glass (FSG) or the like. In an exemplary embodiment, the second ILD layer 412

is formed of FSG, and the etch stop layer 410 is formed of SiN, SiC, a low-k dielectric film, or
the like. A SiN layer may be formed, for example, by plasma-enhanced chemical-vapor

| deposition (PECVD) techniques, and the FSG layer may be formed by PECVD. Preferably, the

etch stop layer 410 is about 50 A to about 1000 A in thickness, and the second ILD layer 412 is

about 200 A to about 10, 000 A in thickness, but more preferably about 2000 A.

[0041] Figures 5-6 illustrate cross-section views of a second embodiment of the present
invention in which a gradient cap layer is formed on a metal layer. The process illustrated in

 Figures 5-6 assume a workpiece 500 formed in a manner similar to workpiece 100 illustrated in
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[0042] Referring now to Fi '
gure 5, a gradient
510 has been fornmed on the conductige | ayer igg I$¥:r
g{?dlent cap layer 510 is preferably forned of a net al
al oy having a higher purity level near the
gonductlve | ayer 122 than near the surface. It has
CﬁgPaL?gP?S:P22 a gr?dient cap | ayer 510 having these
B er ‘o has , C
Figure b, whreein Ekf H%?ﬁa@éefggt)?glﬁ(e %&%@gﬁ go gr egt§ g gﬁggr ri erw el reference
F_prope_rtles to prevent or reduce diffusion. In an
to qwnbbdlnpnt of the present invention in which the
conductive layer 122 is copper or a copper allo i, t
[004; als %%?e?'iiéﬁ)m 1d Ptired, 8 pRdieandap laypes1 Hasibagn fprmed 6n the
gsoa_lvs pure (greater than or equal to about 95
cond%wgkg?@zf %@g&aﬁéﬁ%ﬁﬂgﬁr 5k@s peefaiablytfomaskofiaimestal alloy having 2
Coval 1o Zbla¥ ' 122 and” a I ess pure (less, than or
i gt e g Pl 2 A duticer Lo te ound et
_ t cap layer
510 provides a.c | ayer ' S daesiiesve nbpert
. T . th
e s Hpdevise e Bt R o e e et
cond e¢t'e %r ad@gindc ap | qyer =10 nH%/tORSeJe JBeqRY dafusion. In an
| welayet dretEseTiEhA PYlR; BT S fy about 50 A to
about 200 A in thickness. |n an odi NENby | bé&dbrarb
_embmnf s %gﬂ]‘%}; pS@Gan I;tldnmltlt P’l;% mrwhighy s P?mﬁlﬁﬁv%ﬁgggp?%rl oug ma; bepper
ectrol ess process usin j
alloys RA Bees ind 0GR BY hasnE e REARTLPYE &%8!“%“ thiilor¥qual to
reduction agent of NaH2&Or2H2O, a conplex a 0
abou{t\'gﬁp BRI balnlor sickél somtertoeanthe SIS 13 Eg%@‘{% 835 pure
ure o - 95 C. The gradient concentratio f
(lesd] ) (g,s(%ﬁg,gag hte,z %ﬁg ? 2%&3@%9 adball ald/oaiclel conjentigar %Wﬁﬁ"?%ﬁhe
us during the deposition process. |
gradh 0044i1 gsleﬁ 5?(51%,@?%5 g g%g@yemaﬁng o adltlestvet ancidyarries Jayer pyopprties.
I'ng cobalt ana boron may be fornmed by an
el ectrol ess process using a solutign of, ¢

'looﬁg&éiﬂ tffﬁcfgbodbnent,m graddent ca laey 4 ,ngaé'l})&fggﬁédtab zaglltél%cgroless
; 2NHBH3, or the like, a conplex agent
process and is preferably about 50 A to about 200 A in thickngs% Inan mgodircr)lgnt, a gradient

cap layer 510 comprising cobalt and phosphorous may be formed by an electroless process using
a solution of cobalt salt, CoClz, CoSQ4, or the like using a reduction agent of NaH,PO22H:0, a
complex agent of Na;CeHs07-2H20 with surface activation and a deposition temperature of 70-
95° C. The gradient concentration of phosphorous may be generated by altering the flow rate of
the phosphorous during the depos ition process.

[0044] In another embodiment, a gradient cap layer 510 comprising cobalt and boron may
be formed by an electroless process using a solution of cobalt salt, CoCly, CoS0s, or the like

using a reduction agent of NaBH,, (CH;)2NHBHj, o1 the like, a complex agent of

NasCeHs072H:0 at a deposition temperature of 70-95° C. In this embodiment, it is preferred
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Na3C6H5Or 2H20 at a deposition tenperature of 70-95 C

In this enbodinent, it is preferred 13 that a

stabilizer be used and optional surface activation may

be used. Other materials and processes nay be used.

The gradi ent concentration of boron may be generated

?K aldteri .n?.the flow ratg ofa?: he phoslghp:rd())us dur;;g g

e deposition, process. : Ei 1R’ Red.| Otist matbeds an

that & tabiligsF k‘iﬂsééén%gﬂmélﬁe&ﬁ%%era%ﬁg 6(1)5 tng#r an optional etch

b boried. She prediap o Ryt of GG may B fapuahine e
procéseasmeay. . and secon ayer

612 may be forned as degicri.bed above with reference to
ﬂowltr&teoﬁtﬂlz ?g@?w;u%%mgjh egg?g?lrh%r_og?%ong _ Ielt ch stop

gE'\f/ ‘ L%ec g ﬁ%ﬁgst%a?%;:theé Mﬂdéi&éeasws)f ;r?geuu;ﬁ sfbian Rptinabeich stop layer
[0045},¢ o BRI SC orned 1 n accordance with an enbodi m?nc{ILDI

of the ent i t] hid shpudish 6 Rpéréd0 nindgecon ayer
510Mdgi?P®dgiﬁ a@fg\h/\%l{%%gr%&gfgrspect i ve corresponding to a .

pl ane orthogonal. t.o,the . Find et stbp 1@yer 61 Gundl the secon:
612 may be fswed ﬁFggqsﬁrébeélgh Yjecﬁ%%%?%@éﬁ 132 Actor di ngly,

elements in Figure 7 having Iike reference nunerals
etchawpdiyentl? f Higheffigures 4 and 6 refer to Iike el enents.

I't should be noted that cap layer 710 refers to the
[004§iadi ﬁ%ﬂ{eﬁﬂﬁlu&t&‘(ﬁ% wadkRpiede To0Gh ¢ihistrates & benngeting t A% izyferconnect
e

0 ah passi vation/barrier |ayer 310 of Figure that
4...1004rl AS. : B6ht oPthBipgise® invention. dip ehrudberneged
fomegéﬁ?cﬁﬁjé“%w&%ﬁé%%@second LD | ayer 412 to provide

055 A LaChil ' fovh eof Figure 4
Figuzp 3.0 drhn Spe o ootive SaliiBottIAFtD Abiag: Graguel loe play

na ormed by standard
(single or dual) damascene.,pr, 1R ifFihe 7araving like
or 6land éttersecting therondistive ﬁ?& rr]'?‘%‘e Agg‘g‘ﬁ.ﬁ‘%é' |gs forned t hrough
the etch stop layer 410 as [l .as the a
refekdnctimamerals as glemegts in Figures 4 and 6 refét to 4R el%ﬂ'l@ntg. ¥ Should Be noted that
cap layer 710 refers to the gradient cap layer 510 of Figure 5 or the glue layer 210 and the

. passivation/barrier layer 3 10 of Figure 4.

[0047] As illustrated in Figure 7, an opening 712 is formed through the second ILD layer
4120 provide electrical contact to the underlying conductive layer 122. The opening 712 may

" be formed by standard (single or dual) damascene processes known in the art. Tt should be noted
| that the opening is formed through the etch stop layer 410 as well as the cap layer 710. Tthas
been found that removing the cap layer 710 within the opening 712 provides a better electrical

connection to the underlying conductive layer 122 characterized by less resistance.

[0048] In a preferred embodiment, the cap layer 710 is substantially removed. In alternative
embodiments, however, portions of the cap layer 710 may remain. For example, in an

- embodiment in which the cap layer 710 corresponds to the glue layer 210 and the
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been found that renoving the cap layer 710 within the

opening 712 provides a better electrical connection

to the underlying conductive |layer 122 characterized

by less resistance. [00481 In a preferred enbodi nent,

the cap layer 710 is substantially renoved. In

alternative enbodinents, however, portions of the cap

layer 710 nay.keprgi I r 32 0egibEsnbstantially
passiyORhER e 80 5T Tials £ Heg PR R et e

corresponds to the glue
| ayer 210 and th 4 SSi [ [l in3hQ afbther
or complyaheemovedaad s Gert s PR o e 4 Rt B gy SURkn 1A afde

. substantially or ¢ letely r ved I laver 510
exampleriaien Ambpdivitet Groae B9 61 385 Ao ERGI e eERint Sup aver
exanpl e, in an enbodi nent in_whi CIB t he cap l ayer 710
of Figuoe §,etlsavt@portipnof gheygradient cep 3 ALY 8™ of " Fi gur e

5, at least a portion of the gradient cap |ayer 510

fo0adl™Y rggt\i}‘gﬁ thb gﬁéﬁe‘i& Db ROUGR it hevARRsERive bestedeséritred amdetail, it

age ave been described in detail, it

shoula Bg g;lfléje[r%%ngtﬁg e\{&ﬁltal?soﬁlftgé}:@t su‘tﬂﬁftﬁt% 2&ARBRHns can be made herein

a ations can be nmade herein
. without departing fromth | [] L e dop6nded claims.
with b GRRG HORL S ST pPY A3 4FERADy He
exanple, different types of materjal.s ithi
For ehﬁgplﬁéil%?ﬂtéﬂ’eﬁﬁfI"éteflg]ﬁﬁ?ﬁg??‘?ﬁeswstrﬂarynbet gdgr[@g%e og the
present invention. [00501 Moreover, the scope of the

the sqopesfthe pmpgit inyaniidh is not intended to be linmited to
the particular enbodi nents of the process, nachine,

UG AWef theé i i dre b tistsited to the
{005@’; q cgs%veg e’ s?::ggg gf the B{éﬁé?lft apPHch®dn is HBERGnde

I'n"the specification. As one of
cordinary skill..in the art, .w | ' iR Miater, means,

pertiquis oIS of s prieve Aepit, rabPhle YomGRRIY

processes, nachines, mapufacture OLMOSi-t j . dil
methidarmasiepiasPRbeAR A SHE 061 S o SRRy oL Taitwill edily

or later to be devel oped, . , ‘ facture
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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that perform substantially the sane function or
achi eve substantially the sane result as the
correspondi ng enbodi nents descri bed herein may be
utilized according to the present invention.
Accordingly, the appended clains are intended to
include within their scope such processes, nmachines,
manuf act ure, conpositions of matter, neans, nethods,
Fﬁéﬁgi%gﬁg WHAT IS CLAIMED IS: 1. An integrated
WID@# §Ising: a conductive layer in a trench of
a first dielectric layer; and a gradient cap |ayer on
1. then Geadiaed dinnitlcamerisin®. The integrated circuit of
claim1, wherein the conductive |ayer conprises
COPREHuctive 1dh8Eini dtiedgh af efirstdietevirc lykr.endi m 1, wherein
the conductive |layer is recessed froma surface of
t hae%erélireﬁtIcaHila%kﬂe&{ thi GoddR¥@ve layer. The integrated circuit
of alm 1, wherein the gradient cap | ayer conprises
cobalt, nickel, or conbinations thereof 5. The
integrated circuit .of claim.1,  wherej. ' er.
2. P BiperiedHsre Qb fratiaroin e Syiiidh b SrEdig e
than or equal -to about 95% (atom c percent) cobalt,
ni ckel , or conbinations thereof near the conductiyve urf
3. | R inteBratelrchitbediial E Whekein thistoonductivealayer is reggregdsirom a surtace
' the gradient cap |ayer conprises a netal alloy that
is |es r equal to about 95% (atom c percent)
ofmsﬁsgﬁﬁﬁxﬁﬂﬁﬂgﬁ, or conbi nations thereof in an area
opposite fromthe conductive | ayer.

4. The integrated circuit of claim 1, wherein the gradient cap layer comprises cobalt, nickel,
or combinations thereof.
5. The integrated circuit of claim 1, wherein the gradient cap layer comprises a metal alloy

that is greater than or equalto about 95% (atomic percent) cobalt, nickel, or combinations

thereof near the conductive layer.

6. The integrated circuit of claim 1, wherein the gradient cap layer comprises a metal alloy

that is less than or equal to about 95% (atomic percent) cobalt, nickel, or combinations thereof in

an area opposite from the conductive layer.

7. The integtated circuit of claim 1, wherein the gradient cap layer comprises 2 metal alloy
that includes cobalt, nickel, tungsten, phosphorous, molybdenum, rhenium, boron, o1

combinations thereof.
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7. The integrated circuit of claim1, wherein the
gradi ent cap |ayer conprises a netal alloy that

i ncl udes cobalt, nickel, tungsten, phosphorous,

nol ybdenum rheni um boron, or conbinations thereof.
16 8. The integrated circuit of claim1l, further
conprising: a second dielectric |layer over the first

di.el ectric,l X ] . Ng gl th d
5. g dibeped fbilor S R BRr ik, D et i ough
at | east,. ortion o h i . | ayer. 9. The
i ﬁtséﬁqngtdé'gecag? @Eﬁl’rtOVS?ﬁ% lg'??n%&?g%igeé’%%gt heygr adi ent
I i tely. d .w.thin.: f
o poetigsin the SPR GEISEH LPE WCETR g ORGiAg e irikh ot feast o

layer in a trench of a first dielectric layer; a first
* portigyeqf thegradienfreap layet onduct i ve | ayer, the first cap | ayer

conprising a nmetal alloy that 1is greater than or

. equal to about 95% (atom c percent) cobalt, nickel, or

9. C ﬁ%'m%ﬁ%e%irbﬁi%mim 8, M6reih the gRUNCAp liyay Brcoomladipremoved

" first cap layer, the second cap |ayer conprising a

... .8t al oy that is less than or equal to about 95%

w“mggF%ﬁygkkércent) cobalt, nickel, or conbinations
thereof. 11. The integrated circuit of claim 10,
wherein the conductive layer is recessed froma
surface of the first dielectric |ayer.
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12. The integrated circuit of claim10, wherein the
first cap layer conprises a netal alloy that includes
cobalt, nickel, tungsten, phosphorous, nolybdenum
rheni um boron, or conbinations thereof 13. The
integrated circuit of claim 10, wherein the second cap
| ayer conprises a netal alloy that includes tungsten,

phosphor ous,. npl ybdenum rheni um boron, or
10. coMbIVREFNEhSTPHEPEBIS™E 14, The integrated circuit of

claim 10, further conpyising..a second dielectric
| saeamdustive layRBINGIRAGR bt 3 Brst %V@P‘“ﬁﬁ"&’ef *he first
di el ectric layer; and an openi in the secon
di efissteapilayer ay #re,congiistivs hY%fh@leg‘%%?ﬁ% ygr)&og}pgggg Rrwl lloy that
the second cap layer. 15. The integrated circ j“m%&ﬂwﬁmf
is gréitazitianiof equih &r eiont 93%e (abqreisipaEFeRs} niek . Q5 FRIPHE ’
first cap layer. 18 16, An integrated circuit
and conprising: a conductive layer in a trench of a first
dielectric |ayer; and a gradient cap |ayer on the
CONgUIBhA 4@ 1hyRY 61 thevtharcap Myt thegramiden layerrompyiging a metal alloy
conprises a netal alloy that is greater than or equa

that fs??‘ls_g bRl bor g(ﬁ%‘] {3 BUPRLRED Eércérﬁb@dbhlt, nickek @i corpbinations thereof.
co ons

Inati t hereof near the conductive |ayer and
| ess than or equal to about 95% (atomi c percent)

cobal t, nickel, or conbinations thereof .in
11. opPlsintegratedariscus ef elairylfh mhgwm 8?’.‘Juct_t‘f lamgzsnre@ésﬁ% from a

integrated circuit of claim 16, wherein the conductive

surfdcapeihe fstdicletic lsygpper . 18. The integrated circuit of
claim 16, wherein the conductive |layer is recessed
froma surface of the first dielectric |ayer.

12.  The integrated circuit of claim 10, wherein the first cap layer comprises a metal alloy that

includes cobalt, nickel, tungsten, phosphorous, molybdenum, rhenium, boron, or combinations

thereof

13.  The integrated circuit of claim 10, wherein the second cap layer comprises a metal alloy

. that includes tungsten, phosphorous, molybdenum, thenium, boron, or combinations thereof.

14.  The integrated circuit of claim 10, further comprising:
a second dielectric layer over the conductive layer and the first dielectric layer; and

an opening in the second dielectric layer, wherein the opening extends through the second

cap layer.

15.  The integrated circuit of claim 14, wherein the opening extends through the first cap layer.
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19. The integrated circuit of claim16, wherein the
gradi ent cap |ayer conprises cobalt, nickel, or
conbi nations thereof. 20. The integrated circuit of
claim16, wherein the gradient cap |ayer conprises a
metal alloy that includes tungsten, phosphorous,
nmol ybdenum rheni um boron, or conbinations thereof.
21, The inie t l.recuit of claim 16, further

16. cd?‘ﬂa’r‘l?egaﬁ%&:mg%ggggﬁgélg?el ectric layer over the first

dielectric.|layer: and an i idvet- BEq SECON

e e e B

erern € openrng extends through
at least a ortion of, the.qgradj.ent. Sh®rises a
et L 0 e i ViERn B R bap fifer o
I [ I I i t hi i DG
metaligﬁy ﬂ?a% ciasr grlezfterctﬁgnporeetqﬁal% gt?or{l?gsq’g (atgmmgc ﬁe@cetng%oﬁ’ﬁf Rick4; or

combinations thereof near the conductive layer and less than or equal to about 95% (atomic

percent) cobalt, nickel, or combinations thereof in an area opposite from the conductive layer.
17.  The integrated circuit of claim 16, wherein the conductive layer comprises copper.

18.  The integrated circuit of claim 16, wherein the conductive layer is recessed from a

surface of the first dielectric layer.

19.  The integrated circuit of claim 16, wherein the gradient cap layer comprises cobalt, nickel,

or combinations thereof.

20.  The integrated circuit of claim 16, wherein the gradient cap layer comprises a metal alloy

that includes tungsten, phosphorous, molybdenum, thenium, boron, or combinations thereof.

21.  The integrated circuit of claim 16, further comprising:
a second dielectric layer over the first dielectric layer; and

an opening in the second dielectric layer, wherein the opening extends through at least a

portion of the gradient cap layer.

22,  The integrated circuit of claim 21, wherein the gradient cap layer is completely removed

within the opening.
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