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especially metal and metal oxide films, are critical components in the

manufacture of electronic circuits and devices.

15 In an ALD process for depositing copper films, a copper precursor
and a reducing agent are alternatively introduced into a reaction chamber.
After the copper precursor is introduced into the reaction chamber and
allowed to adsorb onto a substrate, the excess (unadsorbed) precursor
vapor is pumped or purged from the chamber. This process is followed by

20 introduction of a reducing agent that reacts with the copper precursor on
the substrate surface to form copper metal and a free form of the ligand.
This cycle can be repeated if needed to achieve the desired film thickness.

The ligands coordinated to the metal complex used in the ALD
processes must be stable with respect to decomposition and be able to

25 desorb from the complex in a metal-free form. Following reduction of the
copper, the ligand is liberated and must be removed from the surface to
prevent its incorporation into the metal layer being formed.

In the deposition of metal films by the typical, two-step ALD
process, reactivity must be designed into the precursor to enable self-

30 limiting adsorption to the substrate surface. Because a metal surface has
no functional groups, this reactivity must be built into the precursor. The
initial deposition requires a transformation, such as loss of a ligand, that is
induced thermally. The requirement is the source of the conflicting
requirements for a metal precursor. The compound must be stable

35 enough to be transferred into the deposition chamber, but reactive enough
to undergo a transformation at the substrate surface to form a monolayer
of a nonvolatile complex on the substrate ready for the transformation into
a pure, conformal metal film.
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DETAILED DESCRIPTION

Applicant has discovered an atomic layer deposition (ALD) process
suitable for creation of copper films for use as seed layers in the formation
15  of copper interconnects in integrated circuits, or for use in decorative or
catalytic applications. This process comprises the sequential introduction
of three reagents into the deposition chamber: a surface-activating agent,
a copper precursor, and a reducing agent. The surface-activating agent is
an organic molecule that chemisorbs to the substrate to form monolayer
20 coverage of a surface-activating group. This group is a weak acid that
donates a proton to the copper complex in a subsequent step to cause the
copper ion to chemisorb to the surface. This process uses copper
complexes in either the +1 or +2 oxidation state that are volatile and
thermally stable. The ligands are chosen to form copper complexes that
25  are volatile in an appropriate temperature range but do not decompose in
this temperature range; rather, the complexes react with the chemisorbed
surface-activating group on contract and are then reduced to metal on
addition of a suitable reducing agent. The ligands are chosen to react with
the chemisorbed surface-activating group at a temperature below the
30 thermal decomposition temperature of the copper complex. In the process
of this invention, there is no adsorption of the copper precursor to the
substrate surface in the absence of the surface-activating group. The
ligands and surface-activating groups are further chosen so that they will
desorb without decomposition upon exposure of the copper complex o a
35 reducing agent. The reduction of these copper complexes to copper metal
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15  acidic enough to protonate the copper precursor on contact. Ideally, the

surface-activating agent will show self-limiting adsorption to the substrate
surface to form a monolayer on the substrate. Alternatively, the amount of
reagent that adsorbs can be controlled by the amount of reagent
introduced into the chamber.

20 The addition of this surface-activating agent allows the use of a
more stable metal precursor and/or lower reaction temperatures than are
used in typical ALD processes. Thermal degradation of the copper
precursor to induce chemisorption is not needed and should be avoided.
Selective adsorption of the copper precursor will result because the metal

25  complex chemisorbs only where the surface-activating agent is adsorbed.
In this process, an acid derived from the surface-activating group is used
to protonate the metal complex to liberate one of the ligands to generate a
less volatile, or even nonvolatile, complex on the surface. The protonated
ligand from the copper precursor can be removed during a subsequent

30 purge step. This protonation/ligand liberation reaction takes place only
while there are protons available on the substrate surface. Once these
protons are consumed, the reaction stops. There is no thermal
degradation at the temperature of these reactions. In the absence of the
surface-activating group, there is no deposition of precursor and therefore

35 no film formation.

The choice of surface-activating agent will depend on the substrate
onto which copper is deposited and the copper precursor itself. The
surface-activating agent is chosen to be able to protonate a ligand on the

3
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C4-Cs alkyl, and dimethylamino;

R? and R? are independently selected from a group consisting of H,
C4-Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the
total number of carbons in R'-R? of a given ligand is 4 —12;
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wherein
10 L is selected from a group consisting of Co— C15 olefins, Ca— Cqs

alkynes, nitriles, aromatic heterocycles, and phosphines;

R' and R* are independently selected from a group consisting of

hydrogen, methyl, ethyl, propyl, isopropyl, isobutyl, neopentyl and

Cs-Cs alkylene;

15 R?, R®and R® are independently selected from a group consisting of
hydrogen, fluorine, trifluoromethyl, phenyl, C1-C+o alkyl and C3-Cs

alkylene; with the proviso that at least one of (R', R?) and (R®, R*)

taken together is -(CR®R") .- where R® and R are independently

selected from a group consisting of hydrogen, fluorine,
20 trifluoromethyl, C4-Cs alkyl, C4-Cs alkyl ester, and nis 3, 4 or 5.

The reducing agent is selected from a group consisting of 9-BBN
(9-borabicyclo[3.3.1]nonane); diborane; boranes of the form BRxHs.x,
where x =0, 1 or 2, and R is independently selected from a group
consisting of pheny! and C4-C+ alkyl groups; dihydrobenzofuran;

25  pyrazoline; disilane; silanes of the form SiR'yHs.y, wherey =0, 1,2 or 3,
and R’ is independently selected from a group consisting of phenyl and C;-

C10 alkyl groups; and germanes of the form GeR",Hs.,, where z=0, 1, 2,
6
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10  invention also provides a more direct route to a copper film, avoiding the
formation of an intermediate oxide film.

In the copper deposition process of this invention, the copper can
be deposited on the surface, or in or on porosity, of the substrate. Suitable
substrates include conducting, semiconducting and insulating substrates,

15 including substrates that are typically used in the electronics industry to
manufacture ultra large scale integrated circuits. Suitable substrates
typically comprise copper, silicon, silicon dioxide, low k substrates, or low k
substrates coated with a barrier layer to prevent the migration of copper.
Suitable barrier layers include tantalum, tantalum nitride, titanium, titanium

20 nitride, tantalum silicon nitride, titanium silicon nitride, tantalum carbon
nitride, tungsten carbonitride, and niobium nitride. “Low K” substrates have
a dielectric constant (“k”) less than about 4. Suitable low k substrates
include doped oxides (e.g., FSG, HSQ, MSQ, HOSP), organics (e.g.,
SiLK, BCB, FLARE, PAE), highly fluorinated materials (e.g., parylene-F, a-

25 CF, and PTFE), and porous materials (e.g., aerogel and xerogel). Ultra
large integrated circuits typically contain many millions of gates and
hundreds of millions of individual transistors.

This process can be repeated to build up thicker layers of copper,
or to eliminate pin-holes.

30 The deposition of the copper complex is typically conducted at 0 °C
to 200 °C. The reduction of the copper complex is typically carried out at

similar temperatures, 0 °C to 200 °C.
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should be able to transfer electrons to reduce the copper ion of the
complex and also transfer protons to protonate the ligand. The oxidized
15 reducing agent and the protonated ligand should be able to be easily
removed from the surface of the newly formed copper deposit.

In one embodiment of the copper deposition process, the surface-
activating agents and copper complexes are added to a reactor so as to
attain a suitable fluence of complex to the surface of the substrate. After at

20 least a portion of these reagents has been deposited on the substrate
(e.g., a coated silicon wafer), the undeposited material in the gas phase is
pumped or purged from the chamber and then the reducing agent is
introduced into the chamber at a pressure of approximately 50 to
760 mtorr to reduce the adsorbed copper complex. The substrate is held

25  at a temperature between approximately 0 °C to 200 °C during reduction.
With suitable combinations of copper complex and reducing agent, this
reduction is typically at least 90% complete within 20 minutes. Reducing
agent exposure times can be from less than a second to several minutes.

The surface activating group, the ligands on the copper precursor

30 and the reducing agent are chosen so that the products from this reduction
reaction are readily removed from the surface of the substrate under the

reducing conditions.
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y [

corrp![ ex de{)(ﬁprepade tW@p@[ﬂiW@t@'@Qﬂf%@ ISt9&St watarr Waler wag skt r educi ng
agents i e 0 ld b
2hre to 19 anirEOTRRRER 0 oM BEELS TN yEl Sl P Aok RAEE o S0 5 P2 5o

transfer pr Otmﬂf\?ret:@ vﬁ@é@]@r@tém b tEhtbrr fB”la cteant:@aldd;urfedelandg agent and

t he protonated and should be able to be e
P transported to a Vacuum Atmospheres dry gox V\yth a continuous boil-off

nitrogen purge in an evacuated transfer vessel; the wafer was not exposed
to the ambient atmosphere. The wafer was heated at 250 °C for two hours
15 prior to deposition reactions.

The following procedure was used to deposit a copper film. The
wafer was contacted with a 10 uM solution of 2,2,4,4-tetramethyl-
pentanone imine in hexane. This soak was typically overnight, but was as
short as 0.75 hours or as long as several days. The sample was removed

20 from the hexane solution and allowed to dry in the dry box atmosphere.
The wafer and a ceramic boat containing ~0.050 g of the copper(l)
precursor were loaded into the deposition chamber. Both pieces were
heated to 60 °C at 100-200 mtorr pressure. Helium gas was used as a
carrier gas to maintain this pressure; the gas flowed over the ceramic boat

25  and then the wafer. This flow was maintained for approximately two hours.
The boat containing the remaining precursor was cooled to room
temperature. Diethylsilane was then introduced into the deposition
chamber from a glass bubbler with the helium flow passing through the
diethylsilane before introduction to the deposition chamber. A volume of 1-

30 2 mL diethylsilane was introduced to the deposition chamber in this
manner. The chamber was then evacuated to remove excess

diethylsilane. The wafer was transferred to the dry box. The process was



renoved fromthe surface of the newy forned copper deposit. In one
enbodi nent of the copper deposition process, the surfaceactivating agents
and coppewoompizewes are added to a reactor so as to attrairnusasoedsapl e
fluence of conplex to the surface of the substrate. After at |east a

portion of these reagents ha been de osi ted on QEEE § strate (e.g., a
coated sili cEperigds 2 “’TﬂEP?eAu FOPPEE ol%dgyalgpe § Y¥hase is punped

or purged fr adgrb%r t gent is introduced into
t he chamber a fgnf\osrtggsu eSlt g%%:@ﬁ? n%?géﬁ%%él{fgm%o norr to reduce the
adsor bed copper cbn’qhhedepd’s*.ﬁoratdwpeatsedemdttedd)na’fheaSUtbétrp@rmIMr dmet ween
approximately 0 0C to 200 0OC uct.i on | nati ons
of copper CO%PWQQW@QF@%%PHSHQQM’&[? O?%Pﬁ depaytiey Paﬂm?)? §§§c§| y at | east
90% conpl gt e 1yfhi BoREbmBdPERS onfieE YGbSEatBYRIY theXPalRusfaht idepssitan be from
| ess than a second to several m nutes. The surface activating group, the

| i gands on thbambppbecw&a:ihn%tﬂfnmfdturﬁas senethegtharpat deGaMRIIEYh so t hat
t he products from@ihl ) ductl on reaction are readily renmoved fromthe
surface of tHRMRLBLYTEAT %H&%?urﬁe reduci ng conditi ons. EXAMPLES Unl ess
otherwi se stated, all organic reagents are available from Sigma-Al drich
Corporation (M I waukee, W, USA). Exanple 1 Deposition of Copper Film The
copper precursor (vinyltrimethylsilyl)(N, N -diethyl-2,4-

pent anedi ket i m nat o) copper (1) was prepared according to a literature
procedure (PCT7US2004/01 1734, filed April 16, 2004). Gold fil mwas

10



prepared by evaporation of gold onto a Ti/SiCa/Si wafer. Wafer was cut into
0.6 cmx 0.6 cm pieces. The gold |l ayer was 750 A thick. Prior to use, the
pi ece waswepuddss7et ched at 10 9 torr to a clean gold secraseocanehs39
transported to a Vacuum At nospheres dry box with a continuous boil -off
nitrogen purge in an evacuated transf&g ﬁgsel; t he waf er was not exposed
to the anbi ent atnosphere. The wafer IMaated at 250 OC for two hours

prior to depgsi tE\O&oﬁg%fdr%osimgcéoggb&mrﬁQOHraoﬁﬁfgﬂe?Cﬁﬁ‘ﬁ)ri@ﬁ@? to deposit

a copper film The wafer was contact a 10 MM solution o

2,2, 4, 4-t et ranet byl peusanpasubsirate tora sigfaneeactivating sgekt Welormygi cal | y
overnight, but was as short as_0.75 hours or as lon veral days. The
sanpl e was renpved C??Qﬂﬁmt(ﬂ(@ ﬂgﬁ%ﬁ?éagtmaﬁpggﬁO%ané*ﬁ?%ﬂ@%@% dry in the dry
box atmosgher e. Pheoishiq REAUEHERIGHIhE shifate-aemiaing qoup®rith@ g of (he
copper(l) precursor were 1oaded into the deposition champer. Both pieces
were heated to 60 Cshihbstrat®ts a®oppeopiecpraesdoferm adlapesit @ha coRPelised as a

carrier gas to maintain this,pre . e gas flowed over the ceram c boat
and then the waf er.C%P@Xﬂ%mgv%@%ﬁrjﬁfent@pned for approxi mately two hours.

The boat cont ai nichgedditg thBRIdpPo3He® CEFHEISETMpPISR Withoh eeduding agentterper at ur e.
Di et hyl sil ane was then introduced into the deposition chanber froma gl ass

bubbl er with the hémmumdapesitphserper Metad @grhesubgirateny| si | ane before
introducghon to the deposition chanber. A volune of 1- 2 m _ diethylsilane
was introduced to the deposition chanber in this manner. The chanber was
then evacuat ed t o Thenproeesx ofEiinhi Bivilydreir copper Pecuradris sedacted &msferred to

Ejg\e,efjggeg?xi;gcgs(Th%gggggwcgisszing%%rb(laép(gr%tir%jetﬁazncglla{ggdpppér{l6! g(’gpé:eorm)er col or

dialkyamides, bis(dimethylaminopropanolate)copper(ll),
(bis(trimethylsily)amido)-copper(l), and copper(l) t-butoxide.

15
3. The process of Claim 1, wherein the copper precursor is selected

from a group consisting of copper complexes represented by structure (1):

R! R! R?

wherein
20 R' and R* are independently selected from a group consisting of H,
C4-Cs alkyl, and dimethylamino;
R? and R® are independently selected from a group consisting of H,
C+-Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the
total number of carbons in R'-R? of a given ligand is 4 —12.
25

11



confirms the deposition of a thin, copper netal film In this deposition,
copper is deposited on the substrate only. No copper filmappears on the
wal | s of wbeoa#pssiiti on chanmber at 60 0C. At 110 0C, copperusapps®a9439 on t he
substrate and the walls of the deposition chanber because this tenperature

is above the thermal deconposijion t erature of the precurspr AIMS 1. A
process for d‘emsﬁ\%%@%@?chmﬂs V@%ﬁ'@u?f%@?re f%ri'ﬁé.e%zf.te Xposi ng a
substrate 10 ggg 'égdréﬁﬁ‘c%ﬁtsfs’ﬁ bPBopsstorhRlekss refedamedidy Sfucture (11):
surface-activating group on the substrate; b. exposing the deposit of the
surface-activating group on the substrate to a copper precursor to forma

deposit of a copper conplex on thegsubgfsrate; gand c. reacting the deposited
copper conplex with a reducRﬁg agg[\ ot form & deposit of copper netal on
ai
bi

the substrate. 2. The process of 1, rein copper precursor is
selected froma group consist\ng o am noet hanol at e) copper (I1),

copper (1) dial kyam des, bis(d'nerﬂ&{a 1 mopropanol at e) copper (11),

(bi s(trinmethylsily)am do)-copper(l) N/and copper(l) f-butoxide. 3 . The
process of Claim 1, wherein ‘Qf coppar sor is selected froma group
consi sting of copper conplexeXrepresaented/by structure (1): (1) wherein R1
and R4 are independently sele up consisting of HH G C5

al kyl , and di et hyl am no;

(i)
5 wherein

R5 and R® are dimethylamino; and
R® and R’ are independently selected from a group consisting of H,
C4-Cs alkyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the
total number of carbons in R®- R® of a given ligand is 4 -14; or

10 R% and R® are independently selected from a group consisting of H,
C+-Cs alkyl, and dimethylamino; and
R® and R’ are selected from a group consisting of H, C4-Cs alkyl,
phenyl, benzyl, and 4-pyridinyl, with the proviso that either R® or R
is 4-pyridinyl, and with the proviso that the total number of carbons

15 in R®- R® of a given ligand is 4 —14.

5. The process of Claim 1, wherein the copper precursor is selected

from a group consisting of copper complexes represented by structure (l11):

B R4> ]
—N
N
R \ >Cu
N/
\,
R R
[ d2
()

20 wherein
12



R2 and R3 are independently selected froma group consisting of H C-1-C5
al kyl, phenyl, benzyl, and 4-pyridinyl, with the proviso that the total
nunber ofwoandarss7siin R1-R4 of a given ligand is 4 -12. 4pCTiiseoosnowiess of
Claim 1, wherein the copper precursor is selected froma group consisting
of copper conpl exes represented by structure (I1): (I11) wherein R5 and R8
are di met hyl am noR'aRd aRd RhareRiidapenderdysatedad ifypns slgsete ¢oRSiBHINGOGr oup

consi sting of H, I p I n; IRV e} ii-h the
provi so that the &?ﬁéeﬁuﬁ%&épylbgﬁ{%%gﬁg’ %ﬁb@@q%bﬁyl’gqgmvégﬁem%and is 4

-14; or R5 and R8aade independently sel ected froma group consisting of H,
Cl-C5 al kyl, and @{Wgt@)ﬁﬁm WPeréfds B64apo5R7 are sel ected froma group
consi sti ng of H CG-C5 al’kyl, phenyl, benzyl, and 4-pyridinyl, with the
proviso that either R6 or R7 is 4-pyridinyl, and with the proviso that the
total number 6of cdieaprocess %Cblmgﬁdvh%temth@rpqnpgaﬁtﬁq%sor is selectesd  The

Conct ot v of i pbuptBEEBHByhA%: SRR cIABKS RorkSprplitpi i 7 oroup

wherei nR1, RZngnd R3 are independently selected froma group consisting of
hydr ogen, nethyl, ethyl, propyl, isopropyl, isobutyl, and neopentyl; and R4
is -(CH2)n-, where nis 3, 4, or 5. 6. The process of Caiml1, wherein the

copper precursor is selected L

Rl | R4
Cu

\NI/ \N/

R? = R’
RS
av)

10
wherein

L is selected from a group of Co~ C15 olefins, Co— Cy5 alkynes,
nitriles, aromatic heterocycles, and phosphines;
R' and R* are independently selected from a group consisting of

15 hydrogen, methyl, ethyl, propyl, isopropyl, isobutyl, and neopentyl;
and
R2, R%®and R°® are independently selected from a group consisting of
hydrogen, fluorine, trifluoromethyl, phenyl and C4-C+o alkyl groups.

20 7. The process of Claim 1, wherein the copper precursor is selected

from a group consisting of copper complexes represented by structure (V):

13



froma group consisting of copper conpl exes represented by structure (I1V):
(I'V) wherein L is selected froma group of C2 - Cl15 olefins, C2 - C15

al kynes, wotwedssiziaromati ¢ het erocycl es, and phosphi neprTRE2@0502449 ar e

i ndependently selected froma group consisting of hydrogen, nethyl, ethyl,
propyl, isopropyl, isobutyl, and neopentyl; and R2, R3 and RS are

i ndependent ly sel ected from a group donsi sti ng of hydrogen fluorine,
trifluoromethyl, phenyl and Cl-Cl0 alkyl groups 7. The process of Claiml1,
wherein the copper precursor |5Rsel ect.ed fraha group consisting of copper
conpl exes represented by struct (% wherein L is selected froma
group of C2 - C15 olefins, @2 - Cl alk nes, nitriles, aromatic

het er ocycl es, and phosphi nes; Rl re i ndependent ly selected froma
group consi sting of hydrogen, R> propyl, isopropyl, isobutyl,
neopentyl and C3-C5 al kyl ene; R2, R3 jand R5 are mdependently sel ected from
a group consisting of hydrogen, fluorysne, trifluoronethyl, phenyl, Cl-Cl10
al kyl and C3-C5 al kylene; with the proviso that at |east one of (Rl, R2)
and (R3, R4) taken together is (CRGI%Z/Z% n- where R6 and R7 are

i ndependently selected froma group consisting of hydrogen, fluorine,

wherein
L is selected from a group of C,— C4s5 olefins, C,— Cq5 alkynes,
nitriles, aromatic heterocycles, and phosphines;
5 R' and R* are independently selected from a group consisting of

hydrogen, methyl, ethyl, propyl, isopropyl, isobutyl, necpentyl and
C3-Cs alkylene;
R?, R®and R® are independently selected from a group consisting of
hydrogen, fluorine, trifluoromethyl, phenyl, C4-C+o alkyl and C3-Cs

10 alkylene; with the proviso that at least one of (R', R?) and (R?, R*)
taken together is -(CR®R’) »- where R® and R’ are independently
selected from a group consisting of hydrogen, fluorine,

trifluoromethyl, C4-Cs alkyl, C4-Cs alkyl ester, and nis 3, 4 or 5.

15 8. The process of Claim 1, wherein the surface-activating agent is a

proton source.

9. The process of Claim 8, wherein the proton source is selected from
a group consisting of imines and aromatic nitrogen heterocycles.

20
10.  The process of Claim 9, wherein the nitrogen heterocycle is

selected from a group consisting of pyrazole and substituted pyrazoles.

11.  The process of Claim 1, wherein the reducing agent is selected
25 from a group consisting of 9-borabicyclo[3.3.1]nonane; diborane; boranes
of the form BRHs, where x =0, 1 or 2, and R is independently selected
14



trifluoronethyl, Ci1-C5 alkyl, Cl1-C5 alkyl ester, and nis 3, 4 or 5. 8. The
process of Caim1l1, wherein the surface-activating agent is a proton
source. 9vODh&/BBsBeess of Claim 8, wherein the proton sedras208/03aBect ed
froma group consisting of imnes and aromatic nitrogen heterocycles. 10.

The process m 9, wher.ein_t itro et eroc cle Is selected froma
group consi stT%acﬂrOH9rC39£‘5|33n9r9(f.lpBﬁB@tﬁ%@b@%?ML »11. The process of
daiml, V‘herd?ﬂyhrbbénicﬁdkéﬁ Wr%ﬂﬁé digilHed; %ﬂéﬁ’@s Bff?\@f@rrﬁ@RNﬁOﬂSl sting of
9 bor abi cycl of nonane; borane; boranes of form BRXH3- X, where x

0, 1 or 2, vwiem =1=§) 1na@pénaedtﬂysmeeenéemﬂwaelac@dcﬁqun@o@@upt| ng of

phenyl and Cl Cl10,..al k 0, Eenzofuran razol di sil ane;

si | anes of tr?é)nﬁ? 'Hggfﬁ‘h% Mnﬁc \ﬁg?@(y groUps _aLnd Ee%aggs QFEIGF@O"PS

i ndependent | \GoR1 PGt efh&feo=a, dr oUBr 8OoASd RY iditdeben salBete@¥rdah aCal kyl
groups; and germanes of the form GeR'2H4-z, where z , 1, 2, or 3, and R

i S |ndependerﬁrpvp§@n§l§ﬂ@@io’fPbﬂﬁl)da@ﬁi(ﬁrpcmnﬁlik}/'sgrphgsof phenyl and Cl-C10
al kyl groups. 12. The process of Caim1l, wherein the reducing agent is
sel ected froma group consisting of 9-borabicyclo[3.3.1] nonane, borane,

di bor ane, di hydr obhezpiotess of B¥dimzDl, ittere@ethetredacingigfdny isssdiasted
dlnethyIS|Iane et hyl si | ane,. pheny IS|Iane sil ane and disilane. 13. The
process of QfEMAIgroWR&EEsisting of Shrebigy@old s Jdnenansd beraIe, Aikgrane

consi st 118 OlyiRARBEEz STl Birazlink Snlrt] Raniieihrte, ShRSiRYERe, o | ow k

substrates coated wt er la reve | on of copper.
14. The pr ocedbylsifar@, phenyBilandeilane andaisiEmel er | ayer | s sel ected froma
group consisting of tantalum tantalumnitride, titanium titaniumnitride,

13.  The process of Claim 1, wherein the substrate is selected from a
group consisting of copper, silicon, silicon dioxide, low k substrates, or low
15k substrates coated with a bartier layer to prevent the migration of copper.

14.  The process of Claim 13, wherein the barrier layer is selected from
a group consisting of tantalum, tantalum nitride, fitanium, titanium nitride,
tantalum silicon nitride, titanium silicon nitride, tantalum carbon nitride,

20 tungsten carbonitride, and niobium nitride.

15.  The process of Claim 1, wherein the substrate is exposed to a
vapor of the copper complex.

25 16. The process of Claim 1, further comprising a purging step to
remove undeposited surface-activating agent after exposing the substrate
to a surface-activating group, but before exposing the deposit of the

surface-activating group on the substrate to a copper precursor.

30 17. The process of Claim 1, further comprising an evacuation step to
remove undeposited surface-activating agent after exposing the substrate
to a surface-activating group, but before exposing the deposit of the

surface-activating group on the substrate to a copper precursor.

15



tantalumsilicon nitride, titaniumsilicon nitride, tantal um carbon
nitride, tungsten carbonitride, and niobiumnitride. 15. The process of
Claim 1, wben@/o3ine substrate is exposed to a vapor of pChrasscaspesssconpl ex.
16. The process of Claim1, further conprising a purging step to renove
undeposi ted surface-activating agent after exposing the substrate to a

sur f ace-act i vVH.iTige process obGtailpef, doehexgumpriging reputgiesitep @b réeve

surface-activati te tQ. pper. precursor.., 17. The
rocess of O aPpsREd UBpBtY colipIBk ERIGR! it BB oS REd P MR A
undeposi t ed St@PPseéihrrgdugingrrpengent after exposing the substrate to a
surface-activating group, but before exposing the deposit of the
surface-activati roup on the substrate to a copper precursor.18. The
process of O&-nﬂg? %f‘i’,ﬁecsﬁé}f Cairpi i irkgr sompriginggrs esruadiopesier & undeposi t ed
copper conpl exsnrbairkiepopRsd Bopperecotapes cEQfPbeyurigthghaaror of the
reduci ng agent, 19. tg%;aﬂ?oro%is of Cltal m f%r her cqnprising an
evacuation steprdS &0 FRTPIEXHO ¥Rker (}hﬁlr@(ucb #4804m or purging

bef ore exposing the deposited conplex to a vapor of the reduci ng agent.

16



