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BIS-KETOIMINATE COPPER PRECURSORS FOR
DEPOSITION OF COPPER-CONTAINING FILMS

Cross-Reference to Related Applications
This application claims the benefit under 35 U.S.C. § 119(e) to provisional
application No. 61/224,752, filed July 10, 2009, the entire contents of which are

incorporated herein by reference.

Background

Copper has displaced aluminum to become the standard back-end-of-line
(BEOL) metallization material for advanced logic devices. Copper’s benefits over
aluminum for logic are now well-documented. Its lower resistivity allows line
thickness to be reduced by nearly one-third while achieving similar sheet resistance.

The formation of copper containing films via Chemical Vapor and Atomic
Layer Deposition (CVD and ALD) are promising. Desirable properties of the copper
precursor for these applications are: i) high volatility, ii) sufficient stability to avoid
decomposition during handling and delivery, and iii) appropriate reactivity. For
industrial process reasons, deposition of copper should be realized at low
temperature, below 150°C, which makes deposition of copper particularly
challenging.

PEALD and PECVD are promising techniques to produce high purity and
high-density metal thin films at low growth temperatures.

E. Eisenbraun et al. J. Vac. Sci. Technol. B 25, 6, 2007 and Eisenbraun, E.
Electrochemical and Solid-State Letters, 11, 5, H107-H110, 2008 describe the
deposition of copper by PEALD using Cu(acac), and hydrogen as reductant.
Continuous and pure films (95 % purity) were obtained on TaN, SiO, and Ruin a
temperature range between 85 and 135 °C. Moreover conformal depositions have
been achieved over high aspect ratio (5:1) structures.

Until now, PEALD and PECVD have never been considered as possible for

the deposition of pure copper with copper bis-ketoiminate precursors.
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Summary
Disclosed are methods of forming a copper-containing film on one or more
substrates in a reactor. A copper-containing precursor having the following formula

is introduced into the reactor:
R4

Rs N0
| N R
R2 /N"’NI\INI R2
Ry OﬁIR
3

R4
Compound (1)
)
wherein:
1) Mis Cu; and
2)  eachR' R? R® and R*is independently selected from the
group consisting of H, a C4-Cs alkyl, an alkyl amino group, and
Si(R")s where each R’ is independently selected from H and a
C+-Cs alkyl group
A co-reactant is introduced into the reactor. The co-reactant is treated with a plasma
to form a plasma-treated co-reactant. The precursor and the plasma-treated co-
reactant react to form a copper-containing film on the substrate. The disclosed
methods may include one or more of the following aspects:
e maintaining the reactor at a temperature between about 50°C to about 600°C;
¢ maintaining the reactor at a pressure between about 0.5 mTorr and about 20
Torr;
e generating the plasma with a power ranging from about 50 W to about 500 W;
e treating the co-reactant with the plasma occurs prior to introduction of the co-
reactant into the reactor;
e the co-reactant being selected from the group consisting of Hy, NH3, SiHa,
SioHs, SisHs, SiH2Me,, SiHEty, N(SiH3)s, and mixtures thereof;
¢ the copper-containing precursor and the co-reactant being introduced into the
chamber sequentially;
e the co-reactant being introduced prior to the copper-containing precursor;

e the precursor being selected from the group consisting of:
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bis(4N-(amino)pent-3-en-2-onato)Copper(ll),
bis(4N-(methylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(ethylamino)pent-3-en-2-onato)Copper(il),
bis(4N-(isopropylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(n-propylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(n-butylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(isobutylamino)pent-3-en-2-onato)Copper(il),
bis(4N-(secbutylamino)pent-3-en-2-onato)Copper(ll), and
bis(4N-(tertbutylamino)pent-3-en-2-onato)Copper(ll);
o the precursor being bis(4N-(ethylamino)pent-3-en-2-onato)Copper(ll); and
e the copper-containing film being formed on the substrate at a rate ranging
from 0.1 to 1.0 angstroms/cycle.
Also disclosed are copper-containing thin film coated substrates comprising
the product of the disclosed methods.
Also disclosed are methods of synthesizing bis-ketoiminato copper precursors

having the structure:

Compound (1)

wherein M is Cu and each of R', R? R®, and R* are independently selected from the
group consisting of H, a C4-Cs alkyl, an alkyl amino group, and Si(R’); where R’ is
selected from H and a C4-Cs alkyl group. The method comprises reacting a copper
alkoxide (Cu(OR®),), wherein R® is selected from the group consisting of methyl,
ethyl, and isopropyl, with two equivalents of a ketoimine ligand
(R*C(=0)C(R*=C(NHR")R?) in a solvent selected from the group consisting of

alcohol, tetrahydrofuran, diethylether, and toluene.
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The disclosed methods may include one or more of the following aspects:
¢ removing the solvent;
¢ adding an alkane solvent to form a solution;
o filtering the solution;
e removing the alkane solvent to form the bis-ketoiminato copper precursor; and

o distilling the bis-ketoiminato copper precursor.

Notation and Nomenclature

Certain terms are used throughout the following description and claims to
refer to various components and constituents.

As used herein, the term “alkyl group” refers to saturated functional groups
containing exclusively carbon and hydrogen atoms. Further, the term “alkyl group”
may refer to linear, branched, or cyclic alkyl groups. Examples of linear alkyl groups
include without limitation, methyl groups, ethyl groups, propyl groups, butyl groups,
etc. Examples of branched alkyls groups include without limitation, isopropyl groups,
t-butyl groups, etc. Examples of cyclic alkyl groups include without limitation,
cyclopropyl groups, cyclopentyl groups, cyclohexyl groups, etc.

As used herein, the abbreviation “Me” refers to a methyl group; the
abbreviation “Et’ refers to an ethyl group; the abbreviation “iPr” refers to an isopropyl
group; and the abbreviation “t-Bu” refers to a tertiary butyl group.

The standard abbreviations of the elements from the periodic table of
elements are used herein. It should be understood that elements may be referred to
by these abbreviations (e.g., Cu refers to copper, Ni refers to nickel, Pd refers to
palladium, Co refers to cobalt, etc).

As used herein, the term “independently” when used in the context of
describing R groups should be understood to denote that the subject R group is not
only independently selected relative to other R groups bearing the same or different

subscripts or superscripts, but is also independently selected relative to any
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additional species of that same R group. For example in the formula MR'; (NR?R®),.
«» Where x is 2 or 3, the two or three R groups may, but need not be identical to
each other or to R%or to R®. Further, it should be understood that unless specifically
stated otherwise, values of R groups are independent of each other when used in

different formulas.

Brief Description of the Figures

For a further understanding of the nature and objects of the present invention,
reference should be made to the following detailed description, taken in conjunction
with the accompanying drawings, wherein:

FIG 1 is a graph of the percent residual mass of bis(4N-(ethylamino)pent-3-
en-2-onato)Copper(ll} as a function of temperature during open-cup Thermo-
Gravimetric Analysis (TGA) under atmospheric and vacuum conditions;

FIG 2 is a graph of the vapor pressure of bis(4N-(ethylamino)pent-3-en-2-
onato)Copper(ll) as a function of temperature measured by isothermal evaporation
under atmospheric pressure;

FIG 3 is an isothermal evaporation graph of the percent residual mass of
bis(4N-(ethylamino)pent-3-en-2-onato)Copper(ll) at 120°C over a period of 4 hours
under atmospheric pressure;

FIG 4 is a graph of PEALD Cu thickness resulting from 750 cycle depositions
as a function of bis(4N-(ethylamino)pent-3-en-2-onato)Copper(ll) precursor pulse
time at 60°C;

FIG 5 is a scanning electron microscopy (SEM) photograph showing the
surface microstructure of PEALD Cu films grown at 60°C using bis(4N-
(ethylamino)pent-3-en-2-onato)Copper(ll); and

FIG 6 is a cross-section SEM photograph showing conformality of a ~40nm
thick PEALD Cu film deposited with (4N-(ethylamino)pent-3-en-2-onato)Copper(il).

Description of Preferred Embodiments
Disclosed herein are non-limiting embodiments of methods, apparatus, and
compounds which may be used in the manufacture of semiconductor, photovoltaic,
LCD-TFT, or flat panel type devices. More specifically, disclosed are bis-ketoiminate

copper precursors and methods for utilizing the same.
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The disclosed copper-containing precursors, also interchangeably referred to

as bis-ketoiminate copper precursors, have the general formula:

Compound (I}

wherein M is Cu and each R", R?, R®, and R* is independently selected from H, a Cs-
Cs alkyl group, an alkyl amino group, and Si(R’); wherein each R’ is independently
selected from H and a C4-Cs alkyl group. Preferably R'=Et, R? and R*=Me, and
R%=H.

Examples of bis-ketoiminate copper precursors include bis(4N-(amino)pent-3-
en-2-onato)Copper(ll), bis(4N-(methylamino)pent-3-en-2-onato)Copper(ll), bis(4N-
(ethylamino)pent-3-en-2-onato)Copper(ll), bis(4N-(isopropylamino)pent-3-en-2-
onato)Copper(ll), bis(4N-(n-propylamino)pent-3-en-2-onato)Copper(ll), bis(4N-(n-
butylamino)pent-3-en-2-onato)Copper(ll), bis(4N-(isobutylamino)pent-3-en-2-
onato)Copper(ll), bis(4N-(secbutylamino)pent-3-en-2-onato)Copper(Il), and bis(4N-
(tertbutylamino)pent-3-en-2-onato)Copper(ll).

bis(4N-(amino)pent-3-en-2-onato)Copper(ll) may be prepared as described in
the literature (P.A. Stabnikov, J. Structural Chemistry 2003, 44, 6, 1054-1061) by
reacting copper acetate (Cu(OAc),) with the ketoimine ligand in aqueous alcohol in
the presence of excess ammonia. Other copper precursors, bis(4N-(R-amino)pent-3-
en-2-onato)Copper(ll), may be prepared either by reacting CuCl, or CuBr, with two
equivalents of the lithium salt of the R-ketoimine ligand in tetrahydrofuran, or by
reacting Cu(OMe), or Cu(OEt), with two equivalents of R-ketoimine ligand in alcohol
(MeOH or EtOH).

The bis-ketoiminate copper precursor may be used to deposit a pure copper,
copper silicate (CuSij), copper oxide (Cu,Om) or copper oxynitride (CuxN,O,) film,
wherein k, |, m, n, x, y, and z are integers which inclusively range from 1 to 6. These
types of films may be useful in Resistive Random Access Memory (ReRAM) type

applications. Some typical film types include a copper film and CuO film. Using the
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disclosed precursors and methods, the copper-containing film is formed on the
substrate at a rate ranging from 0.1 to 1.0 angstroms/cycle.

The thin film may be deposited from the disclosed precursors using any
plasma enhanced deposition methods known to those of skill in the art. Examples of
suitable deposition methods include without limitation, Plasma Enhanced Chemical
Vapor Depositions (PECVD), pulse PECVD, Plasma Enhanced Atomic Layer
Deposition (PE-ALD), or combinations thereof. The plasma processes may utilize
direct or remote plasma sources.

Use of these plasma processes allows the deposition at lower temperatures of
films having higher density, which is critical to deposition of a thin, continuous film
such as copper. Additionally, the nucleation process and microstructure of the
resulting films are much less sensitive to the condition of the substrate surface than
in a thermal ALD process. In other words, the plasma process may allow
depositions on substrates that previously proved inefficient using the thermal ALD
process. Finally, the plasma process may provide an increase in the deposition rate
and form a more pure film than those produced by thermal ALD.

The bis-ketoiminate copper precursor may be supplied either in neat form or
in a blend with a suitable solvent, such as ethyl benzene, xylenes, mesitylene,
decane, dodecane. The bis-ketoiminate copper precursor may be present in varying
concentrations in the solvent.

The neat or blended bis-ketoiminate copper precursor is introduced into a
reactor in vapor form. The precursor in vapor form may be produced by vaporizing
the neat or blended precursor solution through a conventional vaporization step such
as direct vaporization, distillation, or by bubbling. The neat or blended bis-
ketoiminate copper precursor may be fed in liquid state to a vaporizer where it is
vaporized before it is introduced into the reactor. Alternatively, the neat or blended
bis-ketoiminate copper precursor may be vaporized by passing a carrier gas into a
container containing the bis-ketoiminate copper precursor or by bubbling the carrier
gas into the bis-ketoiminate copper precursor. The carrier gas may include, but is
not limited to, Ar, He, Ny,and mixtures thereof. Bubbling with a carrier gas may also
remove any dissolved oxygen present in the neat or blended precursor solution. The
carrier gas and bis-ketoiminate copper precursor are then introduced into the reactor

as a vapor.
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If necessary, the container of bis-ketoiminate copper precursor may be heated
to a temperature that permits the bis-ketoiminate copper precursor to be in its liquid
phase and to have a sufficient vapor pressure. The container may be maintained at
temperatures in the range of, for example, approximately 0°C to approximately
150°C. Those skilled in the art recognize that the temperature of the container may
be adjusted in a known manner to control the amount of bis-ketoiminate copper
precursor vaporized.

The reactor may be any enclosure or chamber within a device in which
deposition methods take place such as, and without limitation, a parallel-plate type
reactor, a cold-wall type reactor, a hot-wall type reactor, a single-wafer reactor, a
multi-wafer reactor, or other types of deposition systems under conditions suitable to
cause the precursors to react and form the layers.

The reactor contains one or more substrates onto which the thin films will be
deposited. The one or more substrates may be any suitable substrate used in
semiconductor, photovoltaic, flat panel or LCD-TFT device manufacturing.

Examples of suitable substrates include without limitation silicon substrates, silica
substrates, silicon nitride substrates, silicon oxy nitride substrates, tungsten
substrates, titanium nitride, tantalum nitride, or combinations thereof. Additionally,
substrates comprising tungsten or noble metals (e.g. platinum, palladium, rhodium or
gold) may be used. The substrate may also have one or more layers of differing
materials already deposited upon it from a previous manufacturing step.

The temperature and the pressure within the reactor are held at conditions
suitable for PE-ALD, PECVD, or pulse PECVD depositions. For instance, the
pressure in the reactor may be held between about 0.5 mTorr and about 20 Torr,
preferably between about 0.2 Torr and 10 Torr, and more preferably between about
1 Torr and 10 Torr, as required per the deposition parameters. Likewise, the
temperature in the reactor may be held between about 50°C and about 600°C,
preferably between about 50° C and about 250° C, and more preferably between
about 50° C and about 100° C.

In addition to the bis-ketoiminate copper precursor, a co-reactant is introduced
into the reactor. The co-reactant may be an oxidizing gas, such as oxygen, ozone,
water, hydrogen peroxide, nitric oxide, nitrogen dioxide, as well as mixtures of any

two or more of these. Alternatively, the co-reactant may be a reducing gas, such as
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hydrogen, ammonia, a silane (e.g. SiH4, SizHe, SizHs), an alkyl silane containing a Si-
H bond (e.g. SiH:Me,, SiH.Et;), N(SiHs)s, as well as mixtures of any two or more of
these. Preferably, the co-reactant is H; or NHs.

The co-reactant is treated by a plasma, in order to decompose the co-reactant
into its radical form. For instance, the plasma may be generated with a power
ranging from about 50 W to about 500 W, preferably from about 100 W to about 200
W. The plasma may be generated or present within the reactor itself. Alternatively,
the plasma may generally be at a location removed from the reaction chamber, for
instance, in a remotely located plasma system. In this alternative, the co-reactant is
treated with the plasma prior to introduction into the reactor. One of skill in the art
will recognize methods and apparatus suitable for such plasma treatment.

The bis-ketoiminate copper precursor and the plasma-treated co-reactant
react to form a copper-containing film on the substrate. Applicants believe that
plasma-treating the co-reactant provides the co-reactant with the energy needed to
react with the bis-ketoiminate copper precursor at lower temperatures.

Depending on what type of film is desired to be deposited, a second precursor
may be introduced into the reactor. The second precursor may be another metal
source, such as manganese, ruthenium, titanium, tantalum, bismuth, zirconium,
hafnium, lead, niobium, magnesium, aluminum, lanthanides, or mixtures of these.
Where a second metal-containing precursor is utilized, the resultant film deposited
on the substrate may contain at least two different metal types.

The bis-ketoiminate copper precursor, the co-reactants, and any optional
precursors may be introduced into the reactor simultaneously (PECVD), sequentially
(PE-ALD), or in other combinations. The precursor and the co-reactant may be
mixed together to form a co-reactant/precursor mixture, and then introduced to the
reactor in mixture form. Alternatively, the precursor and co-reactant may be
sequentially introduced into the reaction chamber and purged with an inert gas
between the introduction of the precursor and the introduction of the co-reactant.
For example, the bis-ketoiminate copper precursor may be introduced in one pulse
and two additional metal sources may be introduced together in a separate pulse
[modified PE-ALD]. Alternatively, the reactor may already contain the co-reactant
species prior to introduction of the bis-ketoiminate copper precursor, the introduction

of which may optionally be followed by a second introduction of the co-reactant
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species. In another alternative, the bis-ketoiminate copper precursor may be
introduced to the reactor continuously while other metal sources are introduced by
pulse (pulse PECVD). In each example, a pulse may be followed by a purge or
evacuation step to remove excess amounts of the component introduced. In each
example, the pulse may last for a time period ranging from about 0.01 seconds to
about 10 seconds, alternatively from about 0.3 seconds to about 5 seconds,
alternatively from about 0.5 seconds to about 2 seconds.

Depending on the particular process parameters, deposition may take place
for a varying length of time. Generally, deposition may be allowed to continue as
long as desired or necessary to produce a film with the necessary properties.
Typical film thicknesses may vary from several hundred angstroms to several
hundreds of microns, depending on the specific deposition process. The deposition
process may also be performed as many times as necessary to obtain the desired
film.

In one non-limiting exemplary PE-ALD type process, the vapor phase of a bis-
ketoiminate copper precursor is introduced into the reactor, where it is contacted with
a suitable substrate. Excess bis-ketoiminate copper precursor may then be removed
from the reactor by purging and/or evacuating the reactor. A reducing gas (for
example, Hy) is introduced into the reactor under plasma power where it reacts with
the absorbed bis-ketoiminate copper precursor in a self-limiting manner. Any excess
reducing gas is removed from the reactor by purging and/or evacuating the reactor. If
the desired film is a copper film, this two-step process may provide the desired film
thickness or may be repeated until a film having the necessary thickness has been
obtained.

Alternatively, if the desired film is a bimetal film, the two-step process above
may be followed by introduction of the vapor of a metal-containing precursor into the
reactor. The metal-containing precursor will be selected based on the nature of the
bimetal film being deposited. After introduction into the reactor, the metal-containing
precursor is contacted with the substrate. Any excess metal-containing precursor is
removed from the reactor by purging and/or evacuating the reactor. Once again, a
reducing gas may be introduced into the reactor to react with the metal-containing
precursor. Excess reducing gas is removed from the reactor by purging and/or

evacuating the reactor. If a desired film thickness has been achieved, the process
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may be terminated. However, if a thicker film is desired, the entire four-step process
may be repeated. By alternating the provision of the bis-ketoiminate copper
precursor, metal-containing precursor, and co-reactant, a film of desired composition
and thickness can be deposited.

The copper-containing films or copper-containing layers resulting from the
processes discussed above may include a pure copper, copper silicate (CuSi)),
copper oxide (CunOn,), or copper oxynitride (MyN,O,) film wherein k, I, m, n, x, y, and
z are integers which inclusively range from 1 to 6. Preferably, the copper-containing
films are selected from a copper film and CuO film. One of ordinary skill in the art
will recognize that by judicial selection of the appropriate bis-ketoiminate copper
precursor, optional metal-containing precursors, and co-reactant species, the desired

film composition may be obtained.

EXAMPLES
The following non-limiting examples are provided to further illustrate
embodiments of the invention. However, the examples are not intended to be all

inclusive and are not intended to limit the scope of the inventions described herein.

Example1: Synthesis of copper-bis{ethylamino-3-penten-2-onate)

Et

=0 N
O  NHE S e N

Cu(OEt), + 2 /U\/\ —» Et/ \O_

8.3 g (65.1 mmol) of ethyl-enaminoketone was introduced in a 100mL schlenk flask
with 50 mL of MeOH and 5.0 g (32.5 mmol) of Cu(OEt), at room temperature. Color
immediately turned to dark. The mixture was allowed to stir 1 night at room
temperature. The solvent was removed under vacuum. Pentane was added (~40
mL). The solution was filtered over celite. Pentane was removed under vacuum to
yield a dark liquid. It was then distilled: A first fraction of the unreacted mixture was
removed bp: ~30 °C / 30 mTorr, uncolored liquid. The second fraction was a dark
liguid bp~105-110 °C / 45 mTorr, 5.49 g/ 17.4 mmol / 53 %.
A smooth mass loss and single step transition without any inflection points is

observed in Thermal Gravimetric Analysis (TGA) (see FIG 1). While relatively high

residue level (~23%) is observed at high temperature (>250°C) under atmospheric
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pressure condition, vacuum experiment demonstrates complete evaporation without
any detectable residue.

bis(4N-(ethylamino)pent-3-en-2-onato)Copper(il) demonstrates a good
volatility, achieving a vapor pressure of 1Torr at ~145°C (see FIG 2) making it
suitable for use in vapor deposition processes. Moreover, its room-temperature liquid
state gives the precursor an additional advantage in manufacturing applications.

Thermal stability of bis(4N-(ethylamino)pent-3-en-2-onato)Copper(ll) was
assessed by monitoring its evaporation at constant temperature of 120°C in
atmospheric pressure TGA conditions (see FIG 3). Linear mass loss over ~4 hour
period with no residue indicating complete evaporation of precursor without

noticeable decomposition was observed.

EXAMPLE 2: PEALD Using bis(4N-(ethylamino)pent-3-en-2-onato) Copper(ll):
PEALD tests were performed using bis(4N-(ethylamino)pent-3-en-2-

onato)Copper(ll), which was heated to 100°C in the delivery vessel and introduced
into the reactor chamber with the 40 sccm flow of helium carrier gas. The reactor
pressure was in the range of 1.7-2.3 torr. Plasma power was set in a range of 80-
160W, and the reactor temperature was set in the range of 60-100°C. The PEALD
cycle consisted of 5 second precursor pulse followed by 5 second purge followed by
10 second hydrogen plasma pulse (300 sccm hydrogen flow) and 5 second purge.
Pure copper films were deposited on ruthenium, tantalum nitride, titanium nitride and
silicon oxide substrates at rates ranging from approximately 0.2 to approximately 0.8
angstroms/cycle.

To determine complete precursor saturation on the substrate surface using
testing parameters of 120W plasma and 60°C reactor temperature, copper films
were deposited on silicon oxide substrates using precursor pulses varying from 2 to
10 seconds. FIG 4 is a graph of the resulting Cu film thickness as a function of
precursor pulse time resulting from 750 cycles. For all precursor pulses, deposition
rates higher than 0.20A/cycle were obtained at 60°C. At a precursor pulse time of
three seconds, complete surface saturation is achieved.

Auger Electron Spectroscopy (AES) of a copper film produced from the
PEALD process described above using 120 W plasma, 60°C reactor temperature,

and 5 second precursor pulse showed no carbon or nitrogen incorporation into the
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film. Scanning Electron Microscopy (SEM) of the surface microstructure of the same
copper film showed a surface (~17nm thick) with uniform and smooth grains, and
with good continuity (see FIG 5).

Continuous pure-copper films were successfully deposited on different
substrates (Si, Ta, Ru) or structures such as vias or trenches with aspect ratio as
high as 8. FIG 6 is a cross-section SEM image showing conformality of a ~40nm
thick PEALD Cu film. The perpendicular green line marks the boundary between the
Cu film and the substrate.

Resistivity provides an indication of film conformality and purity, with higher
resistivity indicating poor conformality. Resistivity as low as ~20-25uQ.cm were

obtained for 20 nm thick copper film produced by the method described above.

COMPARATIVE EXAMPLE: ALD Using bis(4N-(ethylamino)pent-3-en-2-onato)

Copper(ll):

ALD tests were performed using bis(4N-(ethylamino)pent-3-en-2-
onato)Copper(ll), which was heated to 90 °C in the delivery vessel and introduced
into the reactor chamber with the 1 sccm flow of nitrogen carrier gas. The reactor
pressure was around 1 torr. The ALD cycle consisted of 5 second precursor pulse
followed by 5 second nitrogen purge followed by 5 second hydrogen pulse (20 sccm
hydrogen flow) and 5 second nitrogen purge — in this sequence. The reactor
temperature was set to 100°C. No films were deposited on palladium, tantalum

nitride, silicon and silicon oxide substrates at these conditions.

Preferred processes and apparatus for practicing the present invention have
been described. It will be understood and readily apparent to the skilled artisan that
many changes and modifications may be made to the above-described
embodiments without departing from the spirit and the scope of the present
invention. The foregoing is illustrative only and that other embodiments of the
integrated processes and apparatus may be employed without departing from the

true scope of the invention defined in the following claims.
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What is claimed is:

1. A method of forming a copper-containing film on a substrate, the comprising
the steps of:

a) providing a reactor and at least one substrate disposed therein;

b) introducing into the reactor a copper-containing precursor having the

following formula:

Compound (1)
)
wherein:
1) M is Cu; and
2)  eachR', R% R® and R*is independently selected from the
group consisting of H, a C4-Cs5 alkyl, an alkyl amino group, and
Si(R")s where each R’ is independently selected from H and a
C4-Cs alkyl group;
c) introducing a co-reactant into the reactor;
d) treating the co-reactant with a plasma to form a plasma-treated co-
reactant; and
e) reacting the precursor with the plasma-treated co-reactant to form a

copper-containing film on the substrate.

2. The method of claim 1, further comprising maintaining the reactor at a

temperature between about 50°C to about 600°C.

3. The method of either one of claims 1 and 2, further comprising maintaining

the reactor at a pressure between about 0.5 mTorr and about 20 Torr.
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4, The method of any one of claims 1 to 3, further comprising generating the

plasma with a power ranging from about 50 W to about 500 W.

5. The method of any one of claims 1 to 4, wherein the step of treating the co-
reactant with the plasma occurs prior to the step of introducing the co-reactant into

the reactor.

6. The method of any of claims 1 to 5, wherein the co-reactant is selected from
the group consisting of Ho, NH3, SiHg, SizHe, Si3Hg, SinMez, SiH»Et,, N(SiH3)3, and

mixtures thereof.

7. The method of any one of claims 1 to 6, wherein the copper-containing

precursor and the co-reactant are introduced into the chamber sequentially.

8. The method of any one of claims 1 to 7, wherein the co-reactant is introduced

prior to the copper-containing precursor.

9. The method of any of claims 1 to 8, wherein the precursor is selected from the

group consisting of:
bis(4N-(amino)pent-3-en-2-onato)Copper(ll),
bis(4N-(methylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(ethylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(isopropylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(n-propylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(n-butylamino)pent-3-en-2-onato)Copper(ll),
bis(4N-(isobutylamino)pent-3-en-2-onato)Copper(il),
bis(4N-(secbutylamino)pent-3-en-2-onato)Copper(ll), and
bis(4N-(tertbutylamino)pent-3-en-2-onato)Copper(ll).

10.  The method of any one of claims 1 to 9, wherein the precursor is bis(4N-

(ethylamino)pent-3-en-2-onato)Copper(ll).
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11.  The method of any of claims 1 to 10, wherein the copper-containing film is

formed on the substrate at a rate ranging from 0.1 to 1.0 angstroms/cycle.

12. A copper-containing thin film coated substrate comprising the product of the

method of any of claims 1 to 11.

13. A method of synthesizing bis-ketoiminato copper precursors having the

structure:

Compound (1)

wherein M is Cu and each of R', R?, R®, and R* are independently selected from the
group consisting of H, a C4-Cs alkyl, an alkyl amino group, and Si(R’); where R’ is
selected from H and a C4-Cs alkyl group,

the method comprising reacting a copper alkoxide (Cu(OR®),), wherein R® is
selected from the group consisting of methyl, ethyl, and isopropyl, with two
equivalents of a ketoimine ligand (R*C(=0)C(R*=C(NHR")R?) in a solvent selected
from the group consisting of alcohol, tetrahydrofuran, diethylether, and toluene.

Scheme-1

O NHR Ry
M(ORs), + 2 P — \ / \
R; R,

R

14.  The method of claim 13, further comprising:
Removing the solvent;
Adding an alkane solvent to form a solution;
Filtering the solution; and

Removing the alkane solvent to form the bis-ketoiminato copper precursor.
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15.  The method of claim 14, further comprising distilling the bis-ketoiminato

copper precursor.
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