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Co or Ni and DAD is a diazadiene ligand.



WO 2015/190871 PCT/KR2015/005945

Description

Title of Invention: LIQUID PRECURSOR COMPOSITIONS,

PREPARATION METHODS THEREOF, AND METHODS FOR

[1]

[2]

[3]

[4]

[5]

FORMING LAYER USING THE COMPOSITION
Technical Field

The present disclosure relates to liquid precursor compositions, preparation methods
of the liquid precursor compositions, and methods for forming layers using the liquid

precursor composition.

Background Art

Chemical vapor deposition (CVD) and atomic layer deposition (ALD) provide
methods for forming metal-containing layers on target substrates by supplying gases
containing metal compounds to a deposition chamber or other deposition equipment.
They have been widely used to manufacture electronic devices, semiconductor devices,
display devices, and so on. Particularly, the semiconductor industry needs novel metal
compounds and/or compositions for depositing metal-containing layers, such as metal
layers, metal silicide layers, metal oxide layers, and metal nitride layers with desirable
properties.

Amidinate compounds of nickel or cobalt have been used as precursors for ALD [B.
S. Lim, A. Rahtu, J. S. Park, and R. G. Gordon, Inorganic Chemistry, 42, 7951
(2003)]. However, compositions having a high content of the amidinate compounds are
in a solid state at room temperature and thus are not suitable for volume production of
semiconductor devices using CVD or ALD.

Carbonyl compounds of cobalt or nickel are also in solid state at room temperature
and thus not suitable for volume production of semiconductor devices using CVD or
ALD. A few liquid cobalt precursors such as dicobalt hexacarbonyl tert-butylacetylene
(CCTBA) or cyclopentadielycobalt dicarbonyl [(CsHs)Co(CO),] are available com-
mercially; however, they have to be used at a relatively low deposition temperature
because they are not thermally stable. Few liquid nickel precursors are known and
none is available commercially. And thus the semiconductor industry needs a liquid

precursor composition for vapor deposition of cobalt- or nickel-containing layers.
Disclosure of Invention
Solution to Problem

In view of the foregoing, one purpose of the present disclosure is to provide liquid

precursor compositions that can be used, for example, for deposition, methods for

preparing the liquid precursor compositions, and methods for forming metal or metal



WO 2015/190871 PCT/KR2015/005945

[6]

[7]

[8]
[9]
[10]
[11]
[12]

[13]

[14]

compound-containing layers using the liquid precursor compositions.

However, the embodiments of the present disclosure are not limited to providing any
particular advantages. Although not described herein, other advantages associated with
the compositions, processes and methods of the present disclosure and uses thereof can
be clearly understood by those skilled in the art from the following descriptions.

In a first aspect of the present disclosure, liquid precursor compositions are provided,
including: metal compounds represented by the following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);

wherein in the Chemical Formula 1,

M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R3)C(R4)NR?,
wherein each of R! to R* includes independently H; or a linear or branched C, s alkyl
group.

In a second aspect of the present disclosure, methods are provided for preparing
liquid precursor compositions in accordance with the first aspect of the present
disclosure. In some embodiments, the methods comprise reacting a mixture containing
a halogenated metal compound represented by MX, or a halogenated metal complex
compound represented by ZMX, (where M is Co or Ni; X is a halogen; and Z is one or
more neutral ligands), a diazadiene ligand compound represented by DAD, and an
alkali metal in a solvent. Z may be any neutral ligand(s) commonly known in the art,
which preferably does not interfere with the synthesis of M(DAD),; In some em-
bodiments, Z may be at least one neutral ligand selected from the group consisting of
1,2-dimethoxyethane (DME), tetrahydrofuran (THF), 2-methoxyethyl ether, ammonia
(NH,), pyridine, N,N,N',N'-tetramethyl-1,2-ethylenediamine, tricyclohexylphosphine,
triphenylphosphine, 1,2-Bis(diphenylphosphino)ethane, and
1,3-Bis(diphenylphosphino)propane. In some embodiments, X may be Cl, Br or .

In some embodiments in forming the mixture, the DAD compound and alkali metal
are not combined prior to the combination of either (a) the DAD compound with the
halogenated metal compound or halogenated metal complex compound or (b) the
alkali metal with the halogenated metal compound or halogenated metal complex
compound. The reaction may be followed by purification to obtain a composition
containing a metal compound represented by the following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);

wherein,

M denotes Co or Ni, and

DAD denotes diazadiene ligand compound represented by RINC(R*)C(R*)NR?,
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wherein each of R! to R* includes independently H; or a linear or branched alkyl
group of Cys.

In some exemplary embodiments of the present disclosure, the mixture may be
obtained by mixing the halogenated metal compound or halogenated metal complex
compound with the diazadiene ligand compound DAD, and then subsequently adding
the alkali metal.

In some exemplary embodiments of the present disclosure, the mixture may be
obtained by mixing the halogenated metal compound or halogenated metal complex
compound with the alkali metal, and then adding the diazadiene ligand compound
DAD.

In a third aspect of the present disclosure, methods are provided for forming a layer,
such as by vapor deposition, for example by CVD or ALD. In some embodiments, the
methods comprise depositing a layer containing a metal or metal compound using a
liquid precursor composition in accordance with the first aspect of the present
disclosure as represented by the following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);

wherein in the Chemical Formula 1,

M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R*)C(R4)NR?,
wherein each of R! to R* includes independently H; or a linear or branched C, 5 alkyl
group.

In some embodiments of each of the aspects of the invention, the metal compound of
Chemical Formula 1 is at least about 80% or more, about 85% or more, about 90% or
more, or 95% or more of the liquid precursor composition. Herein, the content may be
determined by, for example, chromatography. In some embodiments, the chro-
matography may be a gas chromatography, but is not limited thereto.

In some embodiments, the purity of the liquid precursor composition may be at least
about 80% or more, about 85% or more, about 90% or more, or 95% or more. That is,
in some embodiments, impurities (components other than the metal compound of
Chemical Formula 1) may be about 20% or less, about 15% or less, about 10% or less
or even about 5% or less. The purity may also be determined by, for example, chro-
matography. In some embodiments, the chromatography may be a gas chro-

matography, but is not limited thereto.
Advantageous Effects of Invention
A liquid precursor composition in accordance with some exemplary embodiments of

the present disclosure, or a liquid source material prepared from the liquid precursor
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composition, is advantageous in forming layers containing a metal or metal compound,
particularly nickel or cobalt. For example, the liquid precursor composition may be
used to deposit a cobalt or nickel metallic film. In some embodiments, the metallic film
may comprise at least about 80 at% nickel or cobalt. Further, liquid precursor com-
positions in accordance with exemplary embodiments of the present disclosure may
also be used in forming layers of a cobalt compound or a nickel compound, such as a
cobalt silicide layer, a cobalt oxide layer, a cobalt nitride layer, a nickel oxide layer, a

nickel nitride layer, a nickel silicide layer, etc.
In some embodiments, the liquid precursor compositions in accordance with

exemplary embodiments of the present disclosure have a high purity. In some em-
bodiments, the use of high-purity compositions can increase the reproducibility of a
volume production process of semiconductor devices, which is advantageous in manu-
facturing semiconductor devices with uniform properties. Further, the use of a high-
purity composition as disclosed herein can avoid other problems associated with the
use of low-purity compositions. For example, when a low-purity precursor com-
position containing a significant amount of impurities is used, semiconductor devices
may not have uniform properties in each batch due to low reproducibility of a semi-
conductor device manufacturing process and a lot of defective semiconductor devices
may be produced. In some embodiments such problems may be avoided using the
compositions provided herein.

Brief Description of Drawings

FIG. 1 is a flow chart showing a method for preparing a liquid precursor in ac-
cordance with an illustrative embodiment of the present disclosure.

FIG. 2 is a flow chart showing a method for preparing a liquid precursor in ac-
cordance with an illustrative embodiment of the present disclosure.

FIG. 3 is a flow chart showing a method for preparing a liquid precursor in ac-
cordance with an illustrative embodiment of the present disclosure.

FIG. 4A and FIG. 4B show a gas chromatography-flame ionization detector
(GC-FID) analysis results of a liquid precursor composition containing Co(‘Pr-DAD),
which was prepared in accordance with Example 1.

FIG. 5 shows a gas chromatography-mass spectroscopy (GC-MS) analysis result of
the liquid precursor composition containing Co(‘Pr-DAD), which was prepared in ac-
cordance with Example 1.

FIG. 6A and FIG. 6B show a GC-FID analysis results of a liquid precursor com-
position which containing Co(‘Pr-DAD), which was prepared in accordance with
Example 2.

FIG. 7A and FIG. 7B show a GC-FID analysis results of a liquid precursor com-
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position which containing Co(‘Pr-DAD), which was prepared in accordance with Com-
parative Example 1.

FIG. 8 shows a GC-MS analysis result of the liquid precursor composition containing
Co(PPr-DAD), which was prepared in accordance with Comparative Example 1.

FIG. 9A and FIG. 9B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Example 3.

FIG. 10 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Example 3.

FIG. 11A and FIG. 11B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Example 4.

FIG. 12 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Example 4.

FIG. 13A and FIG. 13B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Example 5.

FIG. 14 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Example 5.

FIG. 15A and FIG. 15B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Example 6.

FIG. 16 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Example 6.

FIG. 17A and FIG. 17B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Comparative
Example 2.

FIG. 18 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Comparative Example 2.

FIG. 19A and FIG. 19B show a GC-FID analysis results of a liquid precursor com-
position containing Ni(‘Pr-DAD), which was prepared in accordance with Comparative
Example 3.

FIG. 20 shows a NMR spectrum of the liquid precursor composition containing Ni(
Pr-DAD), which was prepared in accordance with Comparative Example 3.

FIG. 21 shows an analysis result of an atomic composition depending on a depth of a
cobalt-containing layer deposited in accordance with Example 7 using Auger electron
spectroscopy.

FIG. 22 shows an analysis result of an atomic composition depending on a depth of a
layer deposited in accordance with Comparative Example 4 using Auger electron spec-
troscopy.

FIG. 23 shows an analysis result of an atomic composition depending on a depth of a

nickel-containing layer deposited in accordance with Example 8 using Auger electron
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spectroscopy.
FIG. 24A and FIG. 24B are scanning electron microscopic images of a surface and a

cross section of the nickel-containing layer deposited in accordance with Example 8.

FIG. 25 shows a tunneling electron microscopy (TEM) diffraction pattern image of
the cobalt oxide layer deposited in accordance with Example 9.

FIG. 26 shows a thermogravimetry analysis (TGA) result of a liquid precursor com-
position prepared in accordance with Example 1.

FIG. 27 shows a differential scanning calorimetry (DSC) analysis result of the liquid

precursor composition prepared in accordance with Example 1.

Mode for the Invention

Hereinafter, embodiments of the present disclosure will be described in detail, with
reference where appropriate to the accompanying drawings, so that the present
disclosure may be readily implemented by those skilled in the art.

However, it is to be noted that the present disclosure is not limited to the em-
bodiments disclosed herein but can be embodied in various other ways.

Through the whole document of the present disclosure, the term "comprises or
includes" and/or "comprising or including" used in the document means that one or
more other components, steps, operation and/or the existence or addition of elements
are not excluded in addition to the described components, steps, operation and/or
elements unless context dictates otherwise.

The term "about or approximately” or "substantially"” is intended to have meanings
close to numerical values or ranges specified with an allowable error. Through the
whole document, the term "step of" does not mean "step for".

Throughout the present disclosure, the term "combinations of" included in Markush
type description means mixture or combination of one or more components, steps, op-
erations and/or elements selected from a group consisting of components, steps,
operation and/or elements described in Markush type and thereby means that the
disclosure includes one or more components, steps, operations and/or elements
selected from the Markush group.

Throughout the present disclosure, the term "A and/or B" means "A or B, or A and
B".

Throughout the present disclosure, the term "alkyl" may include a linear or branched
alkyl group having carbon atoms in a number ranging from 1 to 5. By way of example,
the alkyl group may be methyl group, ethyl group, n-propyl group, isopropyl group, n-
butyl group, t-butyl group, isobutyl group, sec-butyl group, etc., but may not be limited
thereto.

Throughout the present disclosure, the term "halogenated metal compound" refers to
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a halogenated metal compound represented by MX, or a halogenated metal complex
compound represented by ZMX,, where X is a halogen and Z is one or more neutral
ligands such as DME, THF, 2-methoxyethyl ether, ammonia, pyridine,
N,N,N',N'-tetramethyl-1,2-ethylenediamine, tricyclohexylphosphine, triph-
enylphosphine, 1,2-Bis(diphenylphosphino)ethane, or
1,3-Bis(diphenylphosphino)propane. In some embodiments, Z may be any other
neutral ligand commonly known in the art. However, the neutral ligand preferably does
not interfere the synthesis of M(DAD),.

The halogenated metal complex compound represented by ZMX, may include a
complex compound or its derivative, such as (DME)NiBr,, in which a neutral ligand
such as 1,2-dimethoxyethane (DME) is combined with a halogenated metal compound.
In some embodiments, it may be a complex compound or its derivative combined with
a neutral ligand such as tetrahydrofuran (THF) or 2-methoxyethyl ether. In some em-
bodiments, it may be a complex compound or its derivative, such as Ni(NH;)sBr,, in
which neutral ligands, such as six ammonias, are combined with a halogenated metal
compound.

Hereinafter, exemplary embodiments of the present disclosure will be described in
detail, but the present disclosure is not intended to be limited thereto.

Throughout the present disclosure, in order to measure elements or contents of the
liquid precursor compositions, any and all conventionally known methods can be used.
For example, in some embodiments, a known chromatography method may be used to
separate components and determine contents, constituents, or purity of the
components. According to the chromatography, the content or composition, of a liquid
precursor composition or other composition with respect to a specific component can
be determined on the basis of a ratio of an area of a peak for the specific component
relative to the sum of areas of all the detected peaks. The purity of the liquid precursor
can be also be determined on the basis of a ratio of an area of a peak for the specific
compound of interest, typically M(DAD),, relative to all other components. The
content can be presented as the percentage (%) of the area of the peak for the specific
component of interest (typically M(DAD),) relative to the sum of the areas of all
detected peaks. Similarly, purity can be presented as the % of the specific component
of interest relative to the total components or as the % of components (impurities)
other than the component of interest (typically M(DAD),) relative to the total
components. Commercial chromatography devices can be used and will generally
output an analysis result showing contents, constituents, or purity expressed by %
together with chromatograms. In some embodiments, a gas chromatography (GC)
device using a flame ionization detector (FID) can be used, as has been widely used in

the art to measure contents, compositions, or purity. However, the present disclosure is
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not limited thereto. As discussed below, in some embodiments, a liquid precursor com-
position may be combined with one or more additional components, such as diluents,
to form, for example, a liquid source material. Thus, the content and purity of the
liquid precursor composition, with respect to the compound of interest (typically
M(DAD),), may differ from the content and purity of a liquid source material.

In a first aspect of the present disclosure, liquid precursor compositions are provided.
In some embodiments of the present disclosure, the liquid precursor composition may
be used for depositing a layer containing a metal, such as Ni or Co, or metal
compound, such as a Ni- or Co-containing compound. In some embodiments of the
present disclosure, the liquid precursor compositions may be used for depositing a
metal-containing layer, such as a Ni- or Co-containing layer, by a vapor deposition
process. For example, the liquid precursor compositions may be used in metal organic
chemical vapor deposition (MOCVD) or atomic layer deposition (ALD) processes.
The type of deposition process is not limited thereto, and other deposition process in
which the liquid precursor compositions may be used will be apparent to the skilled
artisan.

In some embodiments, the liquid precursor compositions comprise a metal
compound represented by the following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);

wherein in the Chemical Formula 1,

M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R*)C(R*)NR?,
wherein each of R!to R*may be independently H, or a linear or branched C, 5 alkyl
group.

The diazadiene ligand as a neutral ligand may be present in the form of a compound,
and may be abbreviated throughout the present disclosure. For example, HNCHCHNH
may be abbreviated as H-DAD; MeNCHCHNMe may be abbreviated as Me-DAD; Et-
NCHCHNEt may be abbreviated as Et-DAD; "PrNCHCHN"Pr may be abbreviated as »
Pr-DAD; iPrNCHCHNPr may be abbreviated as ‘Pr-DAD; "BuNCHCHN"Bu may be
abbreviated as "Bu-DAD; ‘BuNCHCHN'Bu may be abbreviated as ‘Bu-DAD; s
BuNCHCHNs®*Bu may be abbreviated as **Bu-DAD. Herein, Me represents a methyl
group, Et represents an ethyl group, "Pr represents n-propyl group, 'Pr represents
isopropyl group, "Bu represents n-butyl group, ‘Bu represents tert-butyl group, and s
Bu represents a sec-butyl group.

In some embodiments of the present disclosure, the diazadiene ligand may include
one in which either independently or both of R! and R? may be an isopropyl group or

tert-butyl group, and both of R* and R* may be H, but is not intended to be limited
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thereto. By way of example, the diazadiene ligand may include ‘Pr-DAD or ‘Bu-DAD,
but is not intended to be limited thereto.

By way of example, in some embodiments, a liquid precursor composition may
comprise Co((PrNCHCHN'Pr), [abbreviation: Co(‘Pr-DAD),], which may have a
molecular weight of about 339 g/mol.

In some embodiments, a liquid precursor composition may comprise compound Ni(i
PrNCHCHN Pr), [abbreviation: Ni(‘Pr-DAD),], which may have a molecular weight of
about 339 g/mol.

In some embodiments of the present disclosure, the metal compound of Chemical
Formula 1 is at least about 80% or more, about 85% or more, about 90% or more, or
95% or more of the liquid precursor composition. Herein, the content may be de-
termined by, for example, chromatography as mentioned above. In some embodiments,
the chromatography may be a gas chromatography, but is not limited thereto.

In some embodiments of the present disclosure, a liquid precursor composition may
consist substantially or essentially of the metal compound of Chemical Formula 1.

In some embodiments, the purity of the liquid precursor composition with respect to
the metal compound of Chemical Formula 1 may be at least about 80% or more, about
85% or more, about 90% or more, or 95% or more. That is, impurities (components
other than the metal compound of Chemical Formula 1) are about 20% or less, about
15% or less, about 10% or less or even about 5% or less. Herein, the purity may be de-
termined by, for example, chromatography. In some embodiments, the chro-
matography may be a gas chromatography, but is not limited thereto.

In some embodiments, the liquid precursor composition may be diluted or otherwise
mixed with one or more additional components to form a liquid source material. For
example, the liquid precursor composition may be mixed with one or more inert in-
gredients, such as an inert diluent, for storage or use. A liquid source material
comprising the liquid precursor composition may be used in some embodiments
described herein rather than using the liquid precursor composition directly. In
addition, it is noted that the composition and purity of the liquid precursor com-
position, with respect to the M(DAD), compound, may differ from the composition
and purity of a liquid source material due to the presence of additional compounds in
the liquid precursor composition. When the composition and/or purity of a liquid
precursor composition is provided herein, the composition and purity is given relative
to the liquid precursor composition itself and does not take into account any additional
ingredients with which the liquid precursor composition may be combined, such as
diluents.

In some embodiments of the present disclosure, at least about 80% or more, about

85% or more, about 90% or more, or 95% or more of the liquid precursor composition
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is the compound Co((PrNCHCHN!Pr),. The content of the liquid precursor composition
may be determined by, for example, chromatography. In some embodiments, the chro-
matography may be a gas chromatography, but is not limited thereto.

In some embodiments, the purity of a liquid precursor composition comprising Co(!
PrNCHCHNPr), may be about 80% or more, about 85% or more, about 90% or more,
or 95% or more, but is not limited thereto. That is, impurities (components other than
the metal compound Co((PrNCHCHNPr),) may be about 20% or less, about 15% or
less, about 10% or less or even about 5% or less. Herein, the purity may be determined
by, for example, chromatography. In some embodiments, the chromatography may be
a gas chromatography, but is not limited thereto.

In some embodiments of the present disclosure, at least about 80% or more, about
85% or more, about 90% or more, or 95% or more of a liquid precursor composition is
the compound Ni((PrNCHCHN!Pr),. The content of the liquid precursor composition
may be determined by, for example, chromatography. In some embodiments, the chro-
matography may be gas chromatography, but is not limited thereto.

In some embodiments, the purity of the liquid precursor composition comprising Ni(!
PrNCHCHNPr), may be about 80% or more, about 85% or more, about 90% or more,
or 95% or more, but is not limited thereto. That is, impurities (components other than
the metal compound Ni((PrNCHCHN Pr),) are about 20% or less, about 15% or less,
about 10% or less or even about 5% or less. Herein, the purity may be determined by,
for example, chromatography. In some embodiments, the chromatography may be a
gas chromatography, but is not limited thereto.

In some embodiments of the present disclosure, a liquid precursor composition may
consist substantially or essentially of the metal compound represented by Co(i
PrNCHCHN Pr),. In some embodiments, the liquid precursor composition may have a
molecular weight of about 339 g/mol.

In some embodiments of the present disclosure, the liquid precursor composition
may consist substantially or essentially of the metal compound represented by Ni(i
PrNCHCHN Pr),. In some embodiments, the liquid precursor composition may have a
molecular weight of about 339 g/mol.

Liquid Precursor Preparation

In a second aspect of the present disclosure, methods for preparing a liquid precursor
composition in accordance with the first aspect of the present disclosure are provided.
In some embodiments, as illustrated in FIG. 1, the methods comprise: reacting a
mixture containing a halogenated metal compound represented by MX, or a
halogenated metal complex compound represented by ZMX, (where M is Ni or Co; X
is a halogen; and Z is one or more neutral ligands), a diazadiene ligand compound
DAD, and an alkali metal in a solvent (S100), followed by purification (5200). In some
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embodiments, Z may be selected from the group consisting of DME, THF,
2-methoxyethyl ether, ammonia, pyridine, N,N,N',N'-tetramethyl-1,2-ethylenediamine,
tricyclohexylphosphine, triphenylphosphine, 1,2-Bis(diphenylphosphino)ethane, and
1,3-Bis(diphenylphosphino)propane. In some embodiments, Z may be any neutral
ligand commonly known in the art, preferably one that does not interfere the synthesis
of M(DAD),.

As illustrated in several embodiments discussed below, and in FIGs. 1 to 3, In some
embodiments, the DAD and alkali metal are not combined prior to the combination of
one or both of the DAD and/or alkali metal with the halogenated metal compound or
halogenated metal complex compound.

A liquid precursor composition containing a metal compound represented by the
following Chemical Formula 1 is obtained:

<Chemical Formula 1>

M(DAD);

wherein,

M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R*)C(R4)NR?,

wherein each of R! to R* includes independently H; or a linear or branched alkyl
group of C; 5

In some embodiments of the present disclosure, at least about 80% or more, about
85% or more, about 90% or more, or 95% or more of the liquid precursor composition
obtained by the preparation methods is a metal compound of Chemical Formula 1.

The preparation process may produce a liquid precursor composition that includes
some amount of components other than the metal compound of Chemical Formula 1.
In some embodiments, the liquid precursor composition obtained by the preparation
methods may have a purity with respect to Chemical Formula 1 of about 80% or more,
about 85% or more, about 90% or more, or 95% or more, but may not be limited
thereto. That is, impurities (components other than the metal compound of Chemical
Formula 1) are about 20% or less, about 15% or less, about 10% or less or even about
5% or less.

In some embodiments, the content and/or purity may be determined by, for example,
chromatography. In some embodiments, the chromatography may be gas chro-
matography, but is not limited thereto.

In some embodiments of the present disclosure, the purification may be performed
by a single or multiple step(s) of reduced-pressure distillation, but the purification is
not limited thereto and may be carried out by other methods known in the art. In some
embodiments, one, two or three reduced-pressure distillation steps are carried out.

In some embodiments of the present disclosure, the liquid precursor compositions
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obtained by the preparation methods may be used for depositing a metal-containing
layer by vapor deposition, such as by organic metal chemical vapor deposition
(MOCVD) or atomic layer deposition (ALD), but not limited thereto.

In some embodiments of the present disclosure, at least about 80% or more, about
85% or more, about 90% or more, or 95% or more of the liquid precursor composition
obtained by the preparation methods may be the compound Co((PrNCHCHNPr),. The
content may be determined by, for example, using chromatography. In some em-
bodiments, the chromatography may be gas chromatography, but is not limited thereto.

In some embodiments of the present disclosure, the purity of the liquid precursor
composition with respect to the metal compound Co('PrNCHCHNPr), and obtained by
the preparation methods may be about 80% or more, about 85% or more, about 90% or
more, or 95% or more, but is not limited thereto. That is, impurities (components other
than the metal compound Co((PrNCHCHNPr),) may be about 20% or less, about 15%
or less, about 10% or less or even about 5% or less in some embodiments. The purity
may be determined by, for example, using chromatography. In some embodiments, the
chromatography may be gas chromatography, but is not limited thereto.

In some embodiments, the preparation methods are used to produce Co((PrNCHCHN!
Pr), [abbreviation: Co(‘Pr-DAD),], which may have a molecular weight of about 339 g/
mol.

In an example embodiment of the present disclosure, at least about 80% or more,
about 85% or more, about 90% or more, or 95% or more of the liquid precursor com-
position obtained by the preparation methods may be the metal compound represented
by Ni((PrNCHCHNPr),. The content may be determined by, for example, using chro-
matography. In some embodiments, the chromatography may be gas chromatography,
but is not limited thereto.

In some embodiments of the present disclosure, the purity of the liquid precursor
composition with respect to the metal compound Ni('PrNCHCHNPr), and obtained by
the preparation methods may be about 80% or more, about 85% or more, about 90% or
more, or 95% or more, but is not limited thereto. That is, impurities (components other
than the metal compound Ni(PrNCHCHN!Pr),) are about 20% or less, about 15% or
less, about 10% or less or even about 5% or less. The purity may be determined by, for
example, using chromatography. In some embodiments, the chromatography may be
gas chromatography, but is not limited thereto.

In some embodiments, the preparation methods are used to produce Ni(PrNCHCHN!
Pr), [abbreviation: Ni(Pr-DAD),], which may have a molecular weight of about 339 g/
mol.

In some embodiments of the present disclosure, the liquid precursor composition

formed by the preparation methods may consist substantially or essentially of the metal
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compound represented by Co(PrNCHCHN Pr),.

In some embodiments of the present disclosure, the liquid precursor composition
formed by the preparation methods may consist substantially or essentially of the metal
compound represented by Ni(PrNCHCHN'Pr),.

As mentioned above, in some embodiments, such as that disclosed in FIG. 1, a
mixture is formed containing one equivalent of a halogenated metal compound rep-
resented by MX, or a halogenated metal complex compound represented by ZMX,
(where M is Ni or Co; X is a halogen; and Z is one or more neutral ligand(s)), about
two equivalents of a diazadiene ligand compound DAD, and about two equivalents of
an alkali metal in a solvent. The mixture is reacted to form a reaction product (S100),
which can then be purified as described above to form a liquid precursor composition
comprising a metal compound represented by Chemical Formula 1 (M(DAD),) (5200).
In some embodiments, the metal compound makes up at least about 80%, about 85%,
about 90%, about 95% or more of the liquid precursor composition.

It was determined that it can be advantageous if the dissolution reaction of the alkali
metal occurs at a final step in the mixing of the reactants. Thus, in some embodiments,
the DAD compound and the alkali metal are not reacted together initially. For
example, in some embodiments, in forming the mixture the DAD compound and alkali
metal are not combined prior to the combination of either (a) the DAD compound with
the halogenated metal compound or halogenated metal complex compound or (b) the
alkali metal with the halogenated metal compound or halogenated metal complex
compound.

In some embodiments, for example as disclosed in FIG. 2, the mixture is obtained by
mixing the halogenated metal compound represented by MX, or halogenated metal
complex compound represented by ZMX, with the diazadiene ligand compound DAD
(550), and then subsequently adding the alkali metal (S60). In this way, the alkali
metal is not dissolved but remains in a solid state until it is added to the mixture.In
some embodiments, the alkali metal may be dissolved while adding the alkali metal; or
the alkali metal may be dissolved after completely adding the alkali metal. For one
example, the alkali metal may be added at a very low temperature at which no dis-
solution of the alkali metal occurs (S60), and then subsequently the mixture warms up
to be reacted while the dissolution of the alkali metal occurs (S100). For another
example, the alkali metal may be added at a temperature at which the dissolution of the
alkali metal occurs and thus the reaction of the mixture occurs while adding the alkali
metal, which means that S60 and S100 in FIG. 2 occur concurrently.

In some embodiments, for example as disclosed in FIG. 3, the mixture may be
obtained by mixing the halogenated metal compound represented by MX, or

halogenated metal complex compound represented by ZMX, with the alkali metal
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(570), and then subsequently adding the diazadiene ligand compound DAD (S80). In
this way, during the step of mixing the halogenated metal compound represented by
MX, or halogenated metal complex compound represented by ZMX, with the alkali
metal, the alkali metal is not dissolved but remains in a solid state. Then, in the step of
adding the diazadiene ligand compound DAD, a dissolution reaction of the alkali metal
occurs (S100).The dissolution of the alkali metal may occur while adding the DAD
compound; or it may occur after completely adding the DAD compound. For one
example, the DAD compound may be added at a very low temperature at which no dis-
solution of the alkali metal occurs (S80), and then subsequently the mixture warms up
to be reacted while the dissolution of the alkali metal occurs (S100). For another
example, the DAD compound may be added at a temperature at which the dissolution
of the alkali metal occurs and thus the reaction of the mixture occurs while adding the
alkali metal, which means that S80 and S100 in FIG. 3 occur concurrently.

A composition which is prepared by mixing two equivalents of an alkali metal with
two equivalents of a diazadiene ligand compound DAD to completely dissolve the
alkali metal, and then, subsequently adding one equivalent of the halogenated metal
compound represented by MX, or halogenated metal complex compound represented
by ZMX,, is greatly different from a composition prepared in accordance with the
exemplary embodiments disclosed above, both in terms of gas chromatography
analysis results and deposition results of a layer containing a metal or metal compound
by CVD or ALD.

According to the preparation method in which two equivalents of the alkali metal and
two equivalents of the diazadiene ligand compound DAD are mixed first to completely
dissolve the alkali metal, and then one equivalent of the halogenated metal compound
represented by MX, or halogenated metal complex compound represented by ZMX, is
added, a liquid precursor composition wherein at least about 80% or more of the liquid
precursor composition is a metal compound represented by the Chemical Formula 1 is
not produced. In addition, such a process does not produce a composition which has a
purity of at least about 80%.

In some embodiments, a preparation process for preparing a liquid precursor com-
position comprising a compound of Chemical Formula 1 comprises a reaction scheme
as represented by the following Reaction Formula 1 or 2. In particular, in some em-
bodiments as illustrated in Reaction Formula 1, a mixture is formed of a diazadiene
ligand DAD represented by the following Chemical Formula 2 and the halogenated
metal compound represented by M X, or halogenated metal complex compound rep-
resented by ZMX,. Subsequently, an alkali metal (M") is added to the mixture to allow
a reaction therebetween and the production of the M(DAD), product. A single or

multiple step(s) of reduced-pressure distillation may then be carried out for pu-
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rification. For example, one, two or three reduced-pressure distillations may be carried
out.

In some embodiments, as illustrated in Reaction Formula 2, a mixture of a
halogenated metal compound represented by MX, or halogenated metal complex
compound represented by ZMX, and an alkali metal (M’) diazadiene is prepared. The
ligand DAD represented by the following Chemical Formula 2 is added to the mixture
to allow reaction there between, which produces M(DAD),. A single or multiple
step(s) of reduced-pressure distillation can then be performed for purification. For
example, one, two or three reduced-pressure distillations may be carried out.

[Chemical Formula 2]

R2
R2 |
_—N
R3 \'}'
R‘I

[Reaction Formula 1]

MX, or ZMX, + 2DAD — 2M' added — M(DAD), + 2M'X;

[Reaction Formula 2]

MX, or ZMX,; + 2M'— 2DAD added — M(DAD), + 2M'X;;

wherein in the above formulas,

M denotes Co or Ni; and DAD denotes a diazadiene ligand compound represented by
RINC(R*)C(R*)NR? wherein each of R!to R*includes independently H, or a linear or
branched C, 5 alkyl group; X is a halogen and in some embodiments may be Cl, Br, or
I; M' is an alkali metal and in some embodiments may be selected from the group
consisting of Li, Na, K, Rb, and Cs; and Z is one or more neutral ligands and in some
embodiments may be at least one selected from the group consisting of DME, THF,
2-methoxyethyl ether, ammonia, pyridine, N,N,N',N'-tetramethyl-1,2-ethylenediamine,
tricyclohexylphosphine, triphenylphosphine, 1,2-Bis(diphenylphosphino)ethane,
1,3-Bis(diphenylphosphino)propane. As mentioned above, in some embodiments any
neutral ligand commonly known in the art may be used for Z, preferably one that does
not interfere with the synthesis of M(DAD),.

In some embodiments, in Reaction Formula 1, a reaction mixture is prepared by
mixing a diazadiene ligand compound and a halogenated metal compound represented
by MX, or halogenated metal complex compound represented by ZMX, in an organic
solvent. The halogenated metal compound or halogenated metal complex compound

may be dissolved in the organic solvent or may be dispersed in the form of powder in
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the organic solvent. Then, an alkali metal may be added with stirring. The added alkali
metal may be dissolved while causing an exothermic reaction. After the added alkali
metal is completely dissolved, a salt insoluble in the organic solvent is removed by
filtering. After removing the organic solvent, a liquid precursor composition is
obtained by purification such as by a single or multiple step(s) of reduced-pressure dis-
tillation.

In some embodiments, a different order of the addition of the reactants is utilized as
in Reaction Formula 2. The halogenated metal compound represented by MX, or
halogenated metal complex compound represented by ZMX, can be mixed with an
alkali metal in an organic solvent. Herein, the halogenated metal compound rep-
resented by MX, or halogenated metal complex compound represented by ZMX, may
be dissolved in the organic solvent or may be dispersed in the form of powder in the
organic solvent. During this step, the alkali metal is not dissolved but remains in a
solid hen, a diazadiene ligand DAD may be slowly added to the mixture with stirring.
The alkali metal may be dissolved while causing an exothermic reaction. Then, a salt
insoluble in the organic solvent is removed by filtering. After removing the organic
solvent, a liquid precursor composition may be obtained by purification, such as by a
single or multiple step(s) of reduced-pressure distillation.

In some embodiments, the organic solvent may be a non-polar or weakly polar
organic solvent, without limitation. By way of example, the organic solvent may
include tetrahydrofuran (THF), 1, 2-dimethoxyethane (DME), or 2-methoxyethyl ether,
but is not limited thereto.

The reaction may be performed in the presence of an inert gas such as a nitrogen gas
(N,) or an argon gas (Ar) in order to suppress a reaction with atmospheric moisture or,
but may not be limited thereto.

Deposition Methods

In a third aspect of the present disclosure, methods are provided for forming layers
using the provided liquid precursor compositions, such as vapor deposition methods.
For example, the liquid precursor composition can be used in CVD or ALD processes.
In some embodiments, a layer comprising nickel or cobalt is deposited by CVD or
ALD. In particular, a metallic layer containing about 80 at% or more of nickel or
cobalt is deposited in some embodiments.

In some embodiments, a layer containing a metal or metal compound is deposited
using a liquid precursor composition comprising a metal compound represented by the
following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);

wherein in the Chemical Formula 1,
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M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R*)C(R*)NR?,
wherein each of R!to R*includes independently H; or a linear or branched C, 5 alkyl
group.

In some embodiments, a layer may be deposited by metal organic chemical vapor de-
position (MOCVD) or atomic layer deposition (ALD), but deposition methods are not
limited thereto.

In some embodiments of the present disclosure, a layer containing Co or Ni may be
formed using a liquid precursor composition in accordance with the first aspect of the
present disclosure by CVD or ALD, but not limited thereto. For example, in some em-
bodiments to deposit a layer containing Co or Ni on a substrate, the liquid precursor
composition (or a liquid source material as discussed above) is vaporized and in-
troduced in the deposition chamber of a CVD or ALD equipment. One or more ad-
ditional appropriate reactant gases may also be introduced into the deposition chamber.
The vapor of the liquid precursor composition and the reactant gases are introduced
onto the surface of the substrates concurrently (in the case of CVD) or alternately (in
the case of ALD).

In some embodiments, a metal-containing layer is deposited on a substrate, for
example by a vapor deposition process, at a deposition temperature of from about 50°C
to about 700°C, but may not be limited thereto. In some embodiments, the deposition
temperature may be from about 50°C to about 700°C, from about 50°C to about 600°C,
from about 50°C to about 500°C, from about 50°C to about 400°C, from about 50°C to
about 300°C, from about 50°C to about 200°C, from about 50°C to about 100°C, from
about 50°C to about 80°C, from about 80°C to about 700°C, from about 100°C to about
700°C, from about 200°C to about 700°C, from about 300°C to about 700°C, from
about 400°C to about 700°C, from about 500°C to about 700°C, from about 600°C to
about 700°C, from about 100°C to about 600°C, from about 100°C to about 500°C,
from about 100°C to about 400°C, from about 100°C to about 300°C, from about 150°C
to about 700°C, from about 150°C to about 600°C, from about 150°C to about 500°C,
from about 150°C to about 400°C, or from about 150°C to about 300°C, but may not be
limited thereto.

In some embodiments, the liquid precursor composition may be vaporized by any of
a variety of ways known in the arts such as by flowing a carrier gas through a bubbler
containing the liquid precursor composition, or by direct liquid injection (DLI) into a
vaporizer. The carrier gas flow may be controlled, for example, by a mass flow
controller (MFC). A liquid deliver system (LDS) may be used with DLI.

In some embodiments, argon (Ar), helium (He), nitrogen (N,), hydrogen (H,) or a

gaseous mixture thereof may be used as a carrier gas for delivering the vapor of the
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liquid precursor composition on the substrate, and/or as a purge gas.

In order to deposit a metal or metal compound-containing layer by CVD or ALD,
various gases may be used as a reactant gas in combination with vapor of the liquid
precursor composition disclosed herein. Particularly, oxygen reactants such as water
vapor (H,0), oxygen (O,) or ozone (O;) may be used to deposit a metal oxide layer.
Hydrogen (H,), ammonia (NH;), or silanes may be used as a reactant gas in order to
deposit metal or metal silicide layers. Ammonia with or without plasma may be used
as a reactant gas in order to deposit a metal nitride layer. But the reactant gases may
not be limited thereto. Other second reactants may be selected by the skilled artisan
based on the particular circumstances and the nature of the layers to be deposited. Ad-
ditional reactants may also be included in order to form more complex films. In order
to deposit the metal or metal compound-containing layer, in some embodiments one or
more plasma reactants may be used, such as in a plasma chemical vapor deposition or
plasma atomic layer deposition process, but not limited thereto.

In some embodiments, a vapor phase reactant is prepared from a liquid precursor
composition wherein about 80% or more, about 85% or more, about 90% or more, or
about 95% or more of the liquid precursor composition is a metal compound of
Chemical Formula 1. The composition may be determined, for example, by chro-
matography, such as gas chromatography. As mentioned above, in some embodiments,
a vapor phase reactant may be prepared from a liquid source material which comprises
a liquid precursor composition as described herein.

In some embodiments, a vapor phase reactant is prepared from a liquid precursor
composition comprising a metal compound of Chemical Formula 1 and having a purity
of about 80% or more, about 85% or more, about 90% or more, or 95% or more, but
may not be limited thereto. That is, impurities (components other than the metal
compound of Chemical Formula 1) are about 20% or less, about 15% or less, about
10% or less or even about 5% or less. The purity may be determined, for example, by
chromatography, such as gas chromatography.

In some embodiments of the present disclosure, a vapor phase reactant is prepared
from a liquid precursor composition wherein about 80% or more, about 85% or more,
about 90% or more, or 95% or more of the liquid precursor composition is the metal
compound Co((PrNCHCHN'Pr),. In some embodiments, the liquid precursor com-
position is at least about 80%, about 90%, about 95% or more pure. That is, impurities
(components other than the metal compound Co((PrNCHCHN'Pr),) are about 20% or
less, about 15% or less, about 10% or less or even about 5% or less. In some em-
bodiments, a vapor phase reactant is prepared from a liquid source material comprising
a liquid precursor composition of Co((PrNCHCHNPr), as described. Co(PrNCHCHN!
Pr), [abbreviation: Co(‘Pr-DAD),] may have a molecular weight of about 339 g/mol,
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but may not be limited thereto.

In some embodiments of the present disclosure, a vapor phase reactant may be
prepared from a liquid precursor composition wherein about 80% or more about 85%
or more, about 90% or more, or 95% or more, of the liquid precursor composition is
the metal compound Ni(PrNCHCHN Pr),. In some embodiments, the liquid precursor
composition is at least about 80%, about 90%, or about 95% or more pure. That is, im-
purities (components other than the metal compound of Ni((PrNCHCHN Pr),) are about
20% or less, 15% or less, about 10% or less or even about 5% or less. In some em-
bodiments, a vapor phase reactant is prepared from a liquid source material comprising
a liquid precursor composition of Ni(PrNCHCHNIPr), as described. Ni(PrNCHCHN!
Pr), [abbreviation: Ni(‘Pr-DAD),] may have a molecular weight of about 339 g/mol,
but may not be limited thereto.

In some embodiments of the present disclosure, a vapor phase reactant may be
prepared from a liquid precursor composition that substantially or essentially consists
of the metal compound represented by Co((PrNCHCHN!Pr),, but may not be limited
thereto.

In some embodiments of the present disclosure, a vapor phase reactant may be
prepared from a liquid precursor composition that substantially or essentially consists
of the metal compound represented by Ni((PrNCHCHNPr),, but may not be limited
thereto.

As discussed above, In some embodiments, the liquid precursor composition may
form part of a liquid source material. For example, the liquid precursor composition
may be diluted to form a liquid source material that is vaporized for the deposition
reactions. The content and purity of the liquid precursor compositions discussed above
are given in relation to the liquid precursor composition and thus are given without
consideration for any diluent, solvent, carrier or the like.

In some embodiments, a Co-containing thin film is deposited by CVD or ALD using
a vapor phase reactant prepared from a liquid precursor composition containing metal
compound represented by Co(PrNCHCHNIPr),. In some embodiments, the film
comprises greater than 80% Co.

In some embodiments, a CVD process for forming a Co-containing thin film
comprises contacting a substrate with a vapor phase reactant comprising Co(!
PrNCHCHN Pr), at an appropriate deposition temperature. One or more additional
reactants may be included in order to deposit the desired film. In some embodiments,
an ALD process for forming a Co-containing thin film comprises alternately and se-
quentially contacting a substrate with a vapor phase reactant comprising Co(!
PrNCHCHN'Pr), and at least one additional reactant at an appropriate deposition tem-
perature. For example, a cobalt oxide film may be deposited by ALD by alternately
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and sequentially containing a substrate with vapor phase Co(‘Pr-DAD), prepared from
a liquid precursor composition described herein and ozone or a different oxygen
reactant. For example, the cobalt oxide film may be a Co;0, film. In some em-
bodiments, a cobalt nitride film may be deposited by ALD by alternately and se-
quentially containing a substrate with vapor phase Co(‘Pr-DAD), prepared from a
liquid precursor composition described herein and ammonia or a different nitrogen
reactant.

In some embodiments, a Ni-containing thin film is deposited by CVD or ALD using
a vapor phase reactant prepared from a liquid precursor composition containing metal
compound represented by Ni(PrNCHCHNPr),. In some embodiments, the {ilm
comprises greater than 80% Ni.

In some embodiments, a CVD process for forming a Ni-containing thin film
comprises contacting a substrate with a vapor phase reactant comprising Ni(
PrNCHCHN'Pr), at an appropriate deposition temperature. One or more additional
reactants may be included in order to deposit the desired film. In some embodiments,
an ALD process for forming a Ni-containing thin film comprises alternately and se-
quentially contacting a substrate with a vapor phase reactant comprising Ni(!
PrNCHCHN'Pr), and at least one additional reactant at an appropriate deposition tem-
perature. For example, a nickel oxide film may be deposited by ALD by alternately
and sequentially contacting a substrate with vapor phase Ni(‘Pr-DAD), prepared from a
liquid precursor composition described herein and ozone or a different oxygen
reactant. In some embodiments, a nickel nitride film may be deposited by ALD by al-
ternately and sequentially contacting a substrate with vapor phase Ni(‘Pr-DAD),
prepared from a liquid precursor composition described herein and ammonia or a
different nitrogen reactant.

Examples

Hereinafter, the present disclosure will be explained in detail with reference to
examples. However, the following examples are provided for understanding of the
present disclosure but are not intended to limit the present disclosure.

As mentioned above, all commonly known methods may be used to measure
elements contained in a liquid precursor composition. In some embodiments, a chro-
matography method may be used to separate the components and determine contents of
the components. In the following Examples and Comparative Examples the contents of
the components were determined by comparing the areas of the peaks of chro-
matograms measured by a gas chromatography (GC) using a flame ionization detector
(FID).

Example 1: Preparation 1 of liquid precursor composition containing 90% or more of
Co('Pr-DAD), (via addition of 2 equivalents of Na first and then addition of 2
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equivalents of iPr-DAD, using DME solvent)

Pieces of sodium 70.8 g (3.08 mol, 2 equivalents) were added into 1 liter(L) of
1,2-dimethoxyethane (DME) in a 10 L Schlenk flask under N, atmosphere. Anhydrous
CoC(l, 200 g (1.54 mol, 1 equivalent) was dispersed in 2 L. of DME in another 5 L
Schlenk flask to prepare a suspension. The CoCl, suspension was slowly added using a
cannula into the 10 L flask containing the sodium pieces with stirring. A ‘iPr-DAD
solution was prepared by dissolving 432 g (3.08 mol, 2 equivalents) of ‘Pr-DAD in 1 L
of DME, which was slowly added into the above 10 L flask in which stirring was being
performed at room temperature, to prepare a mixed solution. The mixed solution was
further stirred for 24 hours at room temperature, and the DME solvent and other
volatile components were removed under reduced pressure. Then, the resultant mixture
was dissolved by adding 3 L of anhydrous n-hexane. The mixture dissolved in the n-
hexane was filtered through Celite pad and glass frit. The n-hexane was removed from
the filtrate under reduced pressure, and 333 g of a dark brown liquid was obtained.
Reduced-pressure distillation at 0.3 torr was performed three (3) times to finally obtain
235 g [45.5% yield as Co(‘Pr-DAD),] of a yellow-brown liquid as the liquid precursor
composition.

The resulting liquid precursor composition containing Co(‘Pr-DAD), was analyzed
using a gas chromatography - flame ionization detector (GC-FID), and a gas chro-
matography - mass spectroscopy (GC-MS), and the resulting chromatogram and mass
spectrum obtained by analysis were as shown in FIG. 4A and FIG. 4B and FIG. 5, re-
spectively. Agilent 7890A with HP-5 column and a FID and Agilent 7890A/5975C
with HP-5MS column (GC-MS) were used as analysis instruments. A sample was
injected while a temperature at a sample inlet was maintained at 200°C, and a tem-
perature of the FID was maintained at 300°C. A temperature of a GC oven was
maintained at 100°C for 5 minutes after the sample was injected and then increased
from 100°C to 265°C at a rate of 5°C per minute.

FIG. 4A and FIG. 4B show the chromatogram and the area% of the peaks in the
chromatogram according to the retention time obtained from a gas chromatography-
flame ionization detector (GC-FID) analysis of a liquid precursor composition
prepared in accordance with Example 1, and FIG. 5 shows a gas chromatography-mass
spectroscopy (GC-MS) analysis result of the liquid precursor composition prepared in
accordance with Example 1. It can be seen from the results shown in FIG. 4A and FIG.
4B that the content of the main component is 96.5% of the total by comparison of the
areas of the chromatogram peaks. It can be seen from the result shown in FIG. 5 that
the molecular mass of the main component is 339 g/mol, which corresponds to that of
Co(PPr-DAD),.

Gas chromatogram: The area of the peak at the retention time of 25.649 (min) was
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measured as 96.5% of the total peak areas.

Mass spectrum value (m/z): 32.1, 43.2, 56.2, 70.2, 86.0, 100.0, 116.1, 125.2, 133.6,
142.1, 157.1, 169.3, 183.1, 199.1, 214.1, 226.1, 239.1, 253.1, 268.1, 281.1, 296.1,
309.2, 324.3, 339.3, 353.2, 362.1, 378.3, 394.2, 405.2.

Example 2: Preparation 2 of liquid precursor composition containing 90% or more of
Co(‘Pr-DAD), (via addition of 2 equivalents of Li first and then addition of 2
equivalents of ‘PPr-DAD, using DME solvent)

Lithium (Li) 5.3 g (0.770 mol, 2 equivalents) was added into 500 mL of DME in a 3
L Schlenk flask under N, atmosphere. Anhydrous CoCl, 50 g (0.385 mol, 1 equivalent)
was dispersed in 200 mL of DME in another Schlenk flask to prepare a suspension.
The CoCl, suspension was slowly added using a cannula into the 3 L flask containing
lithium with stirring. An ‘Pr-DAD solution was prepared by dissolving 108 g (0.770
mol, 2 equivalents) of ‘PPr-DAD in 500 mL of DME, which was slowly added with
stirring into the 3 L flask in which stirring was being performed at room temperature,
to prepare a mixed solution. The mixed solution was further stirred for 12 hours at
room temperature, and the DME solvent and other volatile components were removed
under reduced pressure. Then, the resultant mixture was dissolved by adding 1.5 L of
anhydrous n-hexane. The mixture dissolved in the n-hexane was filtered through Celite
pad and glass frit. The n-hexane was removed from the filtrate under reduced pressure,
and 110 g of a dark brown liquid was obtained. Reduced-pressure distillation at 0.3 torr
was performed 3 times to finally obtain 60 g [46.2% yield as Co(‘Pr-DAD),] of a
yellow-brown liquid.

The finally obtained liquid precursor composition containing Co(‘Pr-DAD), was
analyzed using the same GC-FID as used in Example 1, and the analysis results were
as shown in FIG. 6A and FIG. 6B. It could be seen from the results shown in FIG. 6A
and FIG. 6B that in the liquid precursor composition prepared in accordance with
Example 2, the content of the main component is 93.9% of the total with respect to the
areas of the chromatogram peaks.

Gas chromatogram: Significant peaks appeared at 21.289 (min) and 25.976 (min).
The area of the peak at 25.976 (min) was measured as 93.9% of the total peak areas.

Comparative Example 1: Preparation of liquid precursor composition containing less
than 60% of Co(‘Pr-DAD), (via first reaction between 2 equivalents of Li and 2
equivalents of ‘Pr-DAD, using THF solvent)

Pr-DAD 432 g (3.08 mol, 2 equivalents) and lithium (Li) 21.38 g (3.08 mol, 2
equivalents) were added into 3 L of THF in a 10 L Schlenk flask under N, atmosphere
for reaction to prepare an in-situ prepared solution. Anhydrous CoCl, 200 g (1.54 mol,
1 equivalent) was dispersed in 1 L of THF in another Schlenk flask to prepare a

suspension. The suspension was slowly added using a cannula into the 10 L flask
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containing the in-situ prepared solution with stirring to prepare a mixed solution. The
mixed solution was further stirred for 12 hours at room temperature, and the THF
solvent and other volatile components were removed under reduced pressure. Then, the
resultant mixture was dissolved by adding 3 L of anhydrous n-hexane. The mixture
dissolved in the n-hexane was filtered through Celite pad and glass frit. The n-hexane
was removed from the filtrate reduced pressure, and 420 g of a dark brown liquid was
obtained. Reduced-pressure distillation at 0.3 torr was performed 5 times to finally
obtain 37 g [7.1% yield as Co(‘Pr-DAD),] of a yellow-brown liquid.

The finally obtained liquid precursor composition containing Co(‘Pr-DAD), was
analyzed using the same GC-FID and GC-MS as used in Example 1, and the analysis
results were as shown in FIG. 7A and FIG. 7B and FIG. 8, respectively. It could be
seen from the GC-MS result shown in FIG. § that the molecular mass of the main
component is 339 g/mol, which corresponds to that of Co('Pr-DAD),. However, it
could be seen from the GC-FID results shown in FIG. 7A and FIG. 7B that the liquid
precursor composition obtained in accordance with Comparative Example 1 contains
the metal compound, as the main element, in a content of 52.4% of the total and
contains a lot of impurities despite reduced-pressure distillation repeated 5 times.

Gas chromatogram: Peaks appeared at 4.170 (min), 18.644 (min), 19.154 (min),
25.840 (min), 26.479 (min), and 27.163 (min). The area of the peak at 25.840 (min)
was measured as 52.4% of the total peak areas.

Mass spectrum value (m/z): 43.1, 56.1, 70.1, 86.0, 100.0, 116.0, 129.1, 142.0, 157.1,
169.2, 183.1, 199.1, 214.1, 226.1, 239.1, 253.1, 268.1, 281.1, 296.1, 309.2, 324.3,
339.3,355.2,378.0,394.2, 405.1, 415.0, 429.1, 479.2, 508.9.

It is difficult to obtain a NMR signal from Co(‘Pr-DAD),. Therefore, a purity could
not be determined by a typical NMR analysis method. In Examples herein, the com-
position substantially or essentially consisting of an component at a mass/charge ratio
(m/z) of 339 was obtained.

Example 3: Preparation 1 of liquid precursor composition containing 90% or more of
Ni(‘Pr-DAD), (via addition of 2 equivalents of ‘Pr-DAD first and then addition of 2
equivalents of Li, using THF solvent)

Anhydrous NiBr, 220 g (1.007 mol, 1 equivalent) and ‘Pr-DAD 282 g (2.014 mol, 2
equivalents) were added into 3 L of THF in a 5 L. Schlenk flask under N, atmosphere,
and a resultant mixed solution was stirred at room temperature for 3 hours. Then,
lithium (Li) 14.0 g (2.014 mol, 2 equivalents) was slowly added with stirring to
prepare a mixed solution. The mixed solution was stirred at room temperature for 12
hours, and the THF solvent and other volatile components were removed under
reduced pressure. Then, the resultant mixture was dissolved by adding 2 L of

anhydrous n-hexane. The mixture dissolved in the n-hexane was filtered through Celite
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pad and glass frit. The n-hexane was removed from the filtrate under reduced pressure,
and 268 g of a dark brown liquid was obtained. Reduced-pressure distillation at 0.3 torr
was performed 3 times to finally obtain 240 g [70.7% yield as Ni ((Pr-DAD),] of a
yellow-brown liquid.

The finally obtained liquid precursor composition containing Ni(‘Pr-DAD), was
analyzed using the same GC-FID as used in Example 1, and the analysis result was as
shown in FIG. 9A and FIG. 9B. It could be seen from the result shown in FIG. 9A and
FIG. 9B that the liquid precursor composition contains a single compound represented
by Ni(‘Pr-DAD), as a main component in a content of 98.3% of the total. A nuclear
magnetic resonance (NMR) spectrum of the liquid precursor composition is shown in
FIG. 10. NMR signals other than those of Ni(‘Pr-DAD), are hardly observed.

Gas chromatogram: Significant peaks appeared at 4.068 (min) and 26.192 (min). The
area of the peak at 26.192 (min) was measured as 98.3% of the total peak areas.

'H-NMR(400 MHz, CsDs, 25°C) d 8.747 (s, 4H, NCH), 2.823 (septet, 4H, CH(CHj;),
), 1.853 (d, 24H, CH(CH>),).

Example 4: Preparation 2 of liquid precursor composition containing 90% or more of
Ni(‘Pr-DAD), (via addition of 2 equivalents of Na first and then addition of 2
equivalents of 'Pr-DAD, using THF solvent)

Sodium (Na) 21.1 g (0.915 mol, 2 equivalents) was added into 1 L of THF ina 3 L
Schlenk flask under N, atmosphere. Anhydrous NiBr, 100 g (0.458 mol, 1 equivalent)
was dispersed in 500 mL of THF in another Schlenk flask to prepare a suspension. The
suspension was slowly added using a cannula into the 3 L flask containing sodium with
stirring. A ‘Pr-DAD solution was prepared by dissolving 128.3 g (0.915 mol, 2
equivalents) of ‘Pr-DAD in 500 mL of THF, which was slowly added with stirring into
the 3 L flask in which stirring was being performed at room temperature, to prepare a
mixed solution. The mixed solution was stirred at room temperature for 12 hours, and
the THF solvent and other volatile components were removed under reduced pressure.
Then, the resultant mixture was dissolved by adding 1 L of anhydrous n-hexane. The
mixture dissolved in the n-hexane was filtered through Celite pad and glass frit. The n-
hexane was removed from the filtrate under reduced pressure, and 110 g of a dark
brown liquid was obtained. Reduced-pressure distillation at 0.3 torr was performed 3
times to finally obtain 45 g [28.9% yield as Ni ((Pr-DAD),] of a dark brown liquid.

The finally obtained liquid precursor composition containing Ni(‘Pr-DAD), was
analyzed using the same GC-FID as used in Example 1, and the analysis result is
shown in FIG. 11A and FIG. 11B. It can be seen from the result shown in FIG. 11A
and FIG. 11B that the liquid precursor composition contains a main component in a
content of 97.8% of the total. An NMR spectrum of the liquid precursor composition is
shown in FIG. 12. NMR signals other than those of Ni(‘Pr-DAD), are hardly observed.
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Gas chromatogram: Significant peaks appeared at 4.328 (min), 17.819 (min), and
26.768 (min). The area of the peak at 26.768 (min) was measured as 97.8% of the total
peak areas.

'H-NMR (400 MHz, CsDs, 25°C) 08.744 (s, 4H, NCH), 2.825 (septet, 4H, CH(CH;),),
1.853 (d, 24H, CH(CHs;),).

Example 5: Preparation 3 of liquid precursor composition containing 90% or more of
Ni(‘Pr-DAD), (via addition of 2 equivalents of Li first and then addition of 2
equivalents of PPr-DAD, using THF solvent

Lithium (Li) 6.4 g (0.92 mol, 2 equivalents) was added into ] Lof THFina3 L
Schlenk flask under N, atmosphere. Anhydrous NiBr, 100 g (0.458 mol, 1 equivalent)
was dispersed in 500 mL of THF in another Schlenk flask to prepare a suspension. The
suspension was slowly added using a cannula into the 3 L flask containing lithium with
stirring. An ‘Pr-DAD solution was prepared by dissolving 128.3 g (0.915 mol, 2
equivalents) of ‘Pr-DAD in 500 mL of THF, which was slowly added with stirring into
the 3 L flask in which stirring was being performed at room temperature, to prepare a
mixed solution. The mixed solution was stirred at room temperature for 12 hours, and
the THF solvent and other volatile components were removed under reduced pressure.
Then, the resultant mixture was dissolved by adding 1 L of anhydrous n-hexane. The
mixture dissolved in the n-hexane was filtered through Celite pad and glass frit. The n-
hexane was removed from the filtrate under reduced pressure, and 102 g of a dark
brown liquid was obtained. Reduced-pressure distillation at 0.3 torr was performed 3
times to finally obtain 85 g [55.1% yield as Ni ((Pr-DAD),] of a dark brown liquid.

The finally obtained liquid precursor composition containing Ni(‘Pr-DAD), was
analyzed using the same GC-FID as used in Example 1, and the analysis result was as
shown in FIG. 13A and FIG. 13B. It could be seen from the result shown in FIG. 13A
and FIG. 13B that the liquid precursor composition contains a main component in a
content of 96.5% of the total. An NMR spectrum of the liquid precursor composition is
shown in FIG. 14. NMR signals other than those of Ni(‘Pr-DAD), are hardly observed.

Gas chromatogram: Significant peaks appeared at 4.005 (min), 4,133 (min), 7.018
(min), and 26.241 (min). The area of the peak at 26.241 (min) was measured as 96.5%
of the total peak areas.

'H-NMR (400 MHz, CsDs, 25°C) 6 8.740 (s, 4H, NCH), 2.829 (septet, 4H, CH(CH,),
), 1.855 (d, 24H, CH(CH,),).

Example 6: Preparation 4 of liquid precursor composition containing 90% or more of
Ni(‘Pr-DAD), (via addition of 2 equivalents of Li first and then addition of 2
equivalents weight of ‘PPr-DAD, using DME solvent)

Lithium (Li) 6.4 g (0.92 mol, 2 equivalents) was added into ] Lof DME ina2 L.
Schlenk flask under N, atmosphere. Anhydrous NiBr, 100 g (0.458 mol, 1 equivalent)
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was dispersed in 500 mL of DME in another Schlenk flask to prepare a suspension.
The suspension was slowly added using a cannula into the 2 L flask containing lithium
with stirring. A PPr-DAD solution was prepared by dissolving 128.3 g (0.915 mol, 2
equivalents) of ‘Pr-DAD in 500 mL of DME, which was slowly added with stirring
into the 2 L flask in which stirring was being performed at room temperature, to
prepare a mixed solution. The mixed solution was stirred at room temperature for 12
hours, and the DME solvent and other volatile components were removed under
reduced pressure. Then, the resultant mixture was dissolved by adding 1 L of
anhydrous n-hexane. The mixture dissolved in the n-hexane was filtered through Celite
pad and glass frit. The n-hexane was removed from the filtrate under reduced pressure,
and 150 g of a dark brown liquid was obtained. Reduced-pressure distillation at 0.3 torr
was performed 2 times to finally obtain 106 g [68.3% yield as Ni ((Pr-DAD),] of a dark
brown liquid.

The finally obtained liquid precursor composition containing Ni(‘Pr-DAD), was
analyzed using the same GC-FID as used in Example 1, and the analysis result is
shown in FIG. 15A and FIG. 15B. It could be seen from the result shown in FIG. 15A
and FIG. 15B that the liquid precursor composition contains a main component in a
content of 98.1% of the total. An NMR spectrum of the liquid precursor composition is
shown in FIG. 16. NMR signals other than those of Ni(‘Pr-DAD), are hardly observed.

Gas chromatogram: Significant peaks appeared at 3.995 (min), 21.084 (min), and
26.230 (min). The area of the peak at 26.230 (min) was measured as 98.1% of the total
peak areas.

'H-NMR 400 MHz, CsDs, 25°C) 08.740 (s, 4H, NCH), 2.828 (septet, 4H, CH(CH;),),
1.855 (d, 24H, CH(CH,),).

Comparative Example 2: Preparation of liquid precursor composition containing less
than 60% of Ni(‘Pr-DAD), (via first reaction between 2 equivalents of Na and 2
equivalents of ‘PPr-DAD, using NiBr,)

Pr-DAD 40 g (0.28 mol, 2 equivalents) and sodium (Na) 6.6 g (0.28 mol, 2
equivalents) were added into 0.3 L of THF in a 1 L Schlenk flask under N, atmosphere
for reaction to prepare an in-situ prepared solution. NiBr, 31 g (0.14 mol, 1 equivalent)
was dispersed in 0.2 L of THF in another 1L Schlenk flask to prepare a suspension.
The suspension was slowly added using a cannula into the 1 L flask containing the in-
situ prepared solution with stirring to prepare a mixed solution. The mixed solution
was further stirred for 12 hours at room temperature, and the THF solvent and other
volatile components were removed under reduced pressure. Then, the resultant mixture
was dissolved by adding 0.2 L of anhydrous n-hexane. The mixture dissolved in the n-
hexane was filtered through Celite pad and glass frit. The n-hexane was removed from

the filtrate under reduced pressure, and 44 g of a dark brown liquid was obtained.
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Reduced-pressure distillation at 0.5 torr was performed once and 5.5 g of a dark brown
liquid was obtained. Because GC-FID and NMR spectrum indicate only a minute
content of Ni(‘Pr-DAD), in the liquid precursor composition, further purification was
not performed.

The obtained liquid precursor composition was analyzed using the same GC-FID as
used in Example 1, and the analysis result is shown in FIG. 17A and FIG. 17B. An
NMR spectrum of the liquid precursor compositions is shown in FIG. 18. An NMR
signal of Ni(‘Pr-DAD), is indicated by the arrow. It could be seen that the content of
Ni(‘Pr-DAD), in this liquid composition is insignificant since the area of the peak for
the signal of Ni(Pr-DAD), in the NMR spectrum is much smaller than the other peak
areas. Further, it could be seen that the content of Ni(‘Pr-DAD), is less than 2% since
an area of any peak around 26 (min) where the signal of Ni(‘Pr-DAD), appears in the
gas chromatogram is less than 2% of the total peak areas.

Comparative Example 3: Preparation of liquid precursor composition containing less
than 60% of Ni(‘Pr-DAD), (via first reaction between 2 equivalents of Na and 2
equivalents of ‘PPr-DAD, using (DME)NiBr,)

Pr-DAD 36 g (0.26 mol, 2 equivalents) and sodium (Na) 6.0 g (0.26 mol, 2
equivalents) were added into 0.3 L of THF in a 1 L Schlenk flask under N, atmosphere
for reaction to prepare an in-situ prepared solution. (DME)NiBr, 40 g (0.129 mol, 1
equivalent) was dispersed in 0.2 L of THF in another 1L Schlenk flask to prepare a
suspension. The suspension was slowly added using a cannula into the 1 L flask
containing the in-situ prepared solution with stirring to prepare a mixed solution. The
mixed solution was further stirred for 12 hours at room temperature, and the THF
solvent and other volatile components were removed under reduced pressure. Then, the
resultant mixture was dissolved by adding 0.2 L of anhydrous n-hexane. The mixture
dissolved in the n-hexane was filtered through Celite pad and glass frit. The n-hexane
was removed from the filtrate under reduced pressure, and 40.5 g of a dark brown
liquid was obtained. Reduced-pressure distillation at 0.5 torr was performed once and 9
g of a dark brown liquid was obtained.

The obtained liquid precursor composition was analyzed using the same GC-FID as
used in Example 1, and the analysis result was as shown in FIG. 19A and FIG. 19B.
An NMR spectrum of the liquid precursor composition is shown in FIG. 20, and a
NMR signal of Ni(‘Pr-DAD), was as indicated by the arrow. It can be seen that the
content of Ni(Pr-DAD), in this composition is less than 30% because the areas of the
most significant peaks at 25.634 (min) and 26.162 (min) in the gas chromatogram are
measured as 23.9% and 24.4%, respectively, of the total peak areas, even though it is
not known which of the two peaks at 25.634 (min) and 26.162 (min) is for Ni(* Pr-

DAD),. Further, such materials, of which peaks are so close to each other in retention
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time in the gas chromatogram, cannot be substantially separated by fractional dis-
tillation.

A liquid precursor composition substantially or essentially consisting of Ni(‘Pr-DAD)
» only has not been reported previously. By comparing the NMR spectra of the liquid
precursor compositions obtained in the above Examples and Comparative Examples, it
is clear that the methods of the present invention is advantageous in obtaining a liquid
composition substantially or essentially consisting of Ni(‘Pr-DAD),.

Example 7: Layer deposition by CVD using liquid precursor composition containing
Co(PPr-DAD), prepared by Example 2

Film deposition was performed by CVD using a liquid precursor composition
containing Co(‘Pr-DAD), as prepared by Example 2. A silicon wafer covered by a
titanium nitride (TiN) film was used as a substrate. The substrate was placed in a de-
position chamber of a reactor, and a temperature of a substrate heater, on which the
substrate was placed, was maintained in a range of from 240°C to 300°C. The liquid
precursor composition was placed in a stainless steel container. While the container
was heated at 100°C, the liquid precursor composition was evaporated using argon (Ar)
as a carrier gas having a flow rate of 60 standard cubic centimeters per minute (sccm).
The pressure of the deposition chamber was maintained at 0.5 torr. The vapor of the
liquid precursor composition carried by Ar and an ammonia (NH;) gas at a flow rate of
60 sccm were alternatively supplied into the deposition chamber to be brought onto the
heated substrate. A gas supply cycle consisting of the liquid precursor composition
supply for 20 seconds, Ar gas flow for 10 seconds, NH; gas flow for 10 seconds, and
Ar gas flow for 10 seconds was repeated 300 times to deposit a cobalt-containing
layer.

The cobalt-containing layer deposited at the substrate heater temperature of 240°C
was analyzed by Auger electron spectroscopy to measure an atomic content depending
on a depth of the film. The depth-profile analysis result was shown in FIG. 21.

Comparative Example 4: Layer deposition by CVD using liquid precursor com-
position containing Co(‘Pr-DAD), prepared by Comparative Example 1

Film deposition was performed by CVD using the liquid precursor composition
prepared by Comparative Example 1. A deposition condition was the same as Example
7. Further, the prepared layer was analyzed by Auger electron spectroscopy to measure
an atomic content depending on a depth of the film. The depth-profile analysis result
was as shown in FIG. 22.

Example 8: Layer deposition by CVD using liquid precursor composition containing
Ni(‘Pr-DAD), prepared by Example 4

Film deposition was performed by CVD using the liquid precursor composition

containing Ni(‘Pr-DAD), and prepared by Example 4. A silicon wafer covered by a
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titanium (T1) film and a gold (Au) film was used as a substrate. The substrate was
placed in a deposition chamber of a reactor, and a temperature of a substrate heater, on
which the substrate was placed, was maintained in a range of from 160°C to 200°C.
The liquid precursor composition was placed in a stainless steel container. While the
container was heated at 90°C, the liquid precursor composition was evaporated using
Ar as a carrier gas having a flow rate of 60 sccm. The pressure of the deposition
chamber was maintained at 0.5 torr. The vapor of the liquid precursor composition
carried by Ar and a hydrogen (H,) gas at a flow rate of 60 sccm were alternatively
supplied into the deposition chamber to be brought into contact with the heated
substrate. A gas supply cycle consisting of the liquid precursor composition supply 20
seconds, Ar gas flow 10 seconds, H, gas flow 10 seconds, and Ar gas flow 10 seconds
was repeated 100 times to deposit a layer.

The nickel-containing layer deposited at the substrate heater temperature of 160°C
was analyzed by Auger electron spectroscopy to measure an atomic content depending
on a depth. The depth-profile analysis result was shown in FIG. 23. A surface and a
cross section of the nickel-containing layer deposited at the substrate heater tem-
perature of 200°C was observed by scanning electron microscopy (SEM), and the
results thereof were as shown in FIG. 24A and FIG. 24B.

Comparative Example 5: Layer deposition by CVD using liquid precursor com-
position containing Ni(‘Pr-DAD), prepared by Comparative Example 2

Film deposition was performed by CVD using the liquid precursor composition
prepared by Comparative Example 2. A deposition condition was the same as Example
8. No deposition of any layer was observed.

Example 9: Cobalt oxide layer deposited by ALD using liquid precursor composition
containing Co(‘Pr-DAD), prepared by Example 2

Cobalt oxide film was deposited by ALD using the liquid precursor composition
containing Co(‘Pr-DAD), as prepared by Example 2 and ozone (O;) gas inside a hot
wall tube furnace reactor. The liquid precursor composition was vaporized at 65°C
and the vapor was delivered into the chamber with an Ar carrier gas at a flow rate
of 50 sccm. The temperature of the gas delivery line was gradually increased from 80
to 110°C. The concentration of O; generated by an ozone generator was 11%. Ar gas
was used as the purge gas at a flow rate of 500 sccm. The ALD window (region of
constant growth per cycle) was found between 120 to 250°C and the growth-per-cycle
is 0.12 nm/cycle. FIG. 25 shows a tunneling electron microscopy (TEM) diffraction
pattern image of the cobalt oxide film prepared at 250°C. The interplanar spacings of
the cobalt oxide film were 0.464, 0.283, 0.246, and 0.164 nm, each corresponding to
the (111), (220), (311), and (422) planes of Co;0, (JCPDS No. 80-1534). No peaks
corresponding to the planes of CoO (JCPDS No. 75-0533) were observed. A liquid
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precursor composition containing Co(‘Pr-DAD), enables ALD of Co;0,, which was not
been reported previously. It is because the superior thermal stability of Co(‘Pr-DAD),
allows higher ALD process temperature compared to previously used dicobalt hex-
acarbonyl tert-butylacetylene (CCTBA) or cyclopentadielycobalt dicarbonyl [(CsHs
)Co(CO),].

FIG. 21 shows an analysis result of an atomic composition depending on a depth of
the cobalt-containing layer deposited in accordance with Example 7 using Auger
electron spectroscopy, and FIG. 22 shows an analysis result of an atomic composition
depending on a depth of the layer deposited in accordance with Comparative Example
4 using Auger electron spectroscopy. Referring to FIG. 21, titanium (Ti) and nitrogen
(N) was not detected during 120-minute sputtering for the layer deposited by Example
7 using the liquid precursor composition prepared by Example 2. Thus, it could be seen
that a metallic cobalt layer having a cobalt content of about 90 at% was formed on a
TiN substrate. Referring to FIG. 22, nitrogen was detected at the surface of the layer
deposited by Comparative Example 4 using the liquid precursor composition prepared
by Comparative Example 1. Thus, it could be seen that the TiN substrate was not
completely covered by the cobalt-containing layer. Further, referring to FIG. 22, after
15-minute sputtering, the Co content decreased to near 0 at%; and the layer consisted
of mainly Ti, N, and O. Thus, it could be seen that most of the deposited layer was
removed after 15-minute sputtering and the TiN substrate was exposed, which
contrasted with the result as shown in FIG. 21 in which a Co content was about 90 at%
until 120-minute sputtering. By comparison in result between FIG. 21 and FIG. 22, it
can be seen that the layer deposited in Example 7 is much thicker even though the de-
position conditions were the same. Thus, it can be concluded that a liquid precursor
composition containing 90% or more of Co(‘Pr-DAD), in accordance with the present
disclosure is superior to form a cobalt-containing layer compared to a liquid precursor
composition containing less than 60% of Co(‘Pr-DAD), with respect to the layer
growth rate and the Co content in the deposited layer.

Referring to FIG. 23 showing an Auger depth-profile analysis result a nickel-
containing layer deposited in accordance with Example 8, it can be seen that a layer
having a nickel content of about 80 at% is formed on the substrate. Referring to FIG.
24A and FIG. 24B showing SEM images of a surface and a cross section of the
deposited layer, it can be seen that the substrate is completely covered by a metallic
nickel layer having a thickness of 181 nm. Accordingly, it can be seen that a liquid
precursor composition according to the present disclosure is suitable to form a nickel-
containing layer.

According to the generally known CVD or ALD, a metal oxide layer can be formed

using a reactive gas including oxygen and a metal nitride layer can be formed using a
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reactive gas including nitrogen. By way of example, a cobalt oxide layer or a nickel
oxide layer can be formed using the liquid precursor composition of the present
disclosure and an oxygen (O,) gas. A cobalt oxide layer or a nickel oxide layer can be
formed using the liquid precursor composition of the present disclosure and an ozone
(Os) gas. Further, a cobalt nitride layer or a nickel nitride layer can be formed using the
liquid precursor composition of the present disclosure and an ammonia (NH;) gas.
When a metal film, a metal oxide film, or a metal nitride film is formed, plasma CVD
or plasma ALD using plasma may be used.

Experimental Example 1: Thermogravimetry analysis and differential scanning
calorimetry

A thermogravimetry (TG) analysis result and a differential scanning calorimetry
(DSC) analysis result of the liquid precursor composition prepared in accordance with
Example 1 were as shown in FIG. 26 and FIG. 27, respectively.

FIG. 26 shows a thermogravimetry analysis result of the liquid precursor com-
position prepared in accordance with Example 1, and FIG. 27 shows a differential
scanning calorimetry analysis result of the liquid precursor composition prepared in ac-
cordance with Example 1. As shown in FIG. 26, the liquid precursor composition
prepared by Example 1 shows abrupt mass decrease at a temperature range of from
about 150°C and about 220°C, and T}, corresponding to a temperature at which a mass
decrease depending on a temperature reaches half the mass of an original sample is
205°C. As shown in FIG. 27, the liquid precursor composition prepared by Example 1
shows a heat-absorption (endothermic) peak at 293°C caused by decomposition of the
compound in the DSC graph.

The above description of the present disclosure is provided for the purpose of il-
lustration, and it would be understood by those skilled in the art that various changes
and modifications may be made without changing technical conception and essential
features of the present disclosure. Thus, it is clear that the above-described em-
bodiments are illustrative in all aspects and do not limit the present disclosure. For
example, each component described to be of a single type can be implemented in a dis-
tributed manner. Likewise, components described to be distributed can be implemented
in a combined manner.

The scope of the present disclosure is defined by the following claims rather than by
the detailed description of the embodiment. It shall be understood that all modi-
fications and embodiments conceived from the meaning and scope of the claims and

their equivalents are included in the scope of the present disclosure.
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[Claim 1]

[Claim 2]

[Claim 3]
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[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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Claims
A liquid precursor composition, comprising:
a metal compound represented by the following Chemical Formula 1:
<Chemical Formula 1>
M(DAD);;
wherein in the Chemical Formula 1,
M denotes Co or Ni, and
DAD denotes a diazadiene ligand compound represented by RINC(R3
JC(RH)NR?,
wherein each of R!to R*includes independently H or a linear or
branched C, s alkyl group; and
wherein the metal compound is 80% or more of the liquid precursor
composition.
The composition of Claim 1,
wherein the liquid precursor composition is combined one or more ad-
ditional components to form a liquid source material.
The composition of Claim 1, wherein M is Co.
The composition of Claim 1 or 3,
wherein the metal compound is 90% or more of the liquid precursor
composition.
The composition of Claim 4,
wherein the metal compound is 95% or more of the liquid precursor
composition.
The composition of Claim 1 or 3,
wherein the metal compound is Co(PrNCHCHNPr),.
The composition of Claim 1,
wherein the metal compound is Ni(PrNCHCHNPr),.
The composition of Claim 1 or 3,
wherein the composition comprises less than 20% impurities.
The composition of Claim §,
wherein composition comprises less than 10% impurities.
The composition of Claim §,
wherein the composition comprises less than 5% impurities.
The composition of Claim §,
wherein the level of impurities is measured by chromatography.
The composition of Claim 11, wherein the chromatography is a gas

chromatography.
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[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]
[Claim 19]
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The composition of Claim 1 or 3,

wherein the composition consists essentially of the metal compound.
The composition of Claim 1,

wherein the composition consists essentially of the metal compound
Co((PrNCHCHN'Pr),.

The composition of Claim 1,

wherein the composition consists essentially of the metal compound
Ni(PrNCHCHN Pr),.

The composition of Claim 1 or 3, wherein the molecular weight of the
metal compound is 339 g/mol.

A method for preparing a liquid precursor composition, comprising:
reacting a mixture containing a halogenated metal compound rep-
resented by MX, or halogenated metal complex compound represented
by ZMX,, a diazadiene ligand compound (DAD compound), and an
alkali metal in a solvent, followed by purification to obtain a liquid
precursor composition containing a metal compound represented by the
following Chemical Formula 1:

<Chemical Formula 1>

M(DAD);;

wherein,

M denotes Co or Ni, and

DAD denotes the diazadiene ligand compound represented by RINC(R?
JC(RNR?

wherein each of R!to R*includes independently H; or a linear or
branched alkyl group of C,5;

X is a halogen; and

Z is one or more neutral ligands,

wherein in forming the mixture, the DAD compound and alkali metal
are not combined prior to the combination of either (a) the DAD
compound with the halogenated metal compound or halogenated metal
complex compound or (b) the alkali metal with the halogenated metal
compound or halogenated metal complex compound.

The method of Claim 17, wherein the halogen is CI, Br or L.

The method of Claim 17, wherein the neutral ligand is one or more of
DME, THF, 2-methoxyethyl ether, ammonia, pyridine,
N,N,N',N'-tetramethyl-1,2-ethylenediamine, tricyclohexylphosphine,
triphenylphosphine, 1,2-Bis(diphenylphosphino)ethane, or
1,3-Bis(diphenylphosphino)propane.
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[Claim 20]

[Claim 21]

[Claim 22]
[Claim 23]

[Claim 24]

[Claim 25]

[Claim 26]

[Claim 27]

[Claim 28]

[Claim 29]

[Claim 30]

[Claim 31]
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The method of Claim 17,

wherein the mixture is obtained by mixing the halogenated metal
compound represented by M X, or halogenated metal complex
compound represented by ZMX, with the DAD compound, and then
subsequently adding the alkali metal.

The method of Claim 17,

wherein the mixture is obtained by mixing the halogenated metal
compound represented by M X, or halogenated metal complex
compound represented by ZMX, with the alkali metal, and then sub-
sequently adding the DAD compound.

The method of Claim 17, wherein M is Ni.

The method of Claim 22,

wherein the mixture is obtained by mixing the halogenated Ni
compound or halogenated Ni complex compound with the alkali metal,
and then subsequently adding the DAD compound.

The method of Claim 17,

wherein the metal compound is 80% or more of the liquid precursor
composition.

The method of Claim 17,

wherein the metal compound is 90% or more of the liquid precursor
composition.

The method of Claim 17,

wherein the metal compound is 95% or more of the liquid precursor
composition.

The method of Claim 17,

wherein the purification is performed by one or more reduced-pressure
distillation steps

The method of Claim 27, wherein the reduced-pressure distillation is
carried out at least three times.

The method of Claim 17,

wherein the liquid precursor composition comprises less than 20% im-
purities.

The method of Claim 29,

wherein the liquid precursor composition comprises less than 10% im-
purities.

The method of Claim 29,

wherein the liquid precursor composition comprises less than 5% im-

purities.
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[Claim 32]

[Claim 33]

[Claim 34]

[Claim 35]

[Claim 36]

[Claim 37]

[Claim 38]

[Claim 39]
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The method of any of Claims 29 to 31, wherein the level of impurities
is determined by chromatography.

The method of Claim 32,

wherein the chromatography is a gas chromatography.

The method of Claim 17,

wherein the composition consists essentially of the metal compound.
The method of Claim 17, wherein the metal compound is Co(!
PrNCHCHNPr),.

The method of Claim 17, wherein the metal compound is Ni(
PrNCHCHNPr),.

A method for preparing a liquid precursor composition, comprising:
preparing a mixture containing a halogenated metal compound rep-
resented by MX, or halogenated metal complex compound represented
by ZMX,, a diazadiene ligand compound (DAD compound), and an
alkali metal in a solvent;

reacting the mixture to form a reaction product; and

purifying the reaction product to obtain a liquid precursor composition
containing a metal compound represented by the following Chemical
Formula 1:

<Chemical Formula 1>

M(DAD),;

wherein,

M denotes Co or Ni, and

DAD denotes the diazadiene ligand compound represented by RINC(R?
JC(RNR?

wherein each of R!to R*includes independently H; or a linear or
branched alkyl group of C,5;

X is a halogen; and

Z is one or more neutral ligands,

wherein the metal compound is at least about 80% of the liquid
precursor composition.

The method of Claim 37, wherein preparing the mixture comprises
mixing the halogenated metal compound or halogenated metal complex
compound with the DAD compound, and then subsequently adding the
alkali metal.

The method of Claim 37, wherein preparing the mixture comprises
mixing the halogenated metal compound or halogenated metal complex

compound with the alkali metal, and then subsequently adding the
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[Claim 41]

[Claim 42]

[Claim 43]

[Claim 44]

[Claim 45]

[Claim 46]

[Claim 47]

[Claim 48]

[Claim 49]
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DAD compound.

The method of Claim 37, wherein the metal compound is Co(!
PrNCHCHNPr),.

The method of Claim 37, wherein the metal compound is Ni(
PrNCHCHNPr),.

A method for forming a layer by vapor deposition, comprising:
depositing the layer containing a metal or metal compound using a
liquid precursor composition comprising a metal compound of
Chemical Formula 1: <Chemical Formula 1>

M(DAD),;

wherein in the Chemical Formula 1,

M denotes Co or Ni, and

DAD denotes a diazadiene ligand compound represented by RINC(R?
JC(RH)NR?,

wherein each of R!to R*includes independently H; or a linear or
branched alkyl group of C, 5, and

wherein the metal compound is 80% or more of the liquid precursor
composition.

The method of Claim 42,

wherein depositing a layer comprises a metal organic chemical vapor
deposition process or an atomic layer deposition process.

The method of Claim 42,

wherein the metal compound is 90% or more of the liquid precursor
composition.

The method of Claim 42,

wherein the metal compound is 95% or more of the liquid precursor
composition.

The method of Claim 42,

wherein the liquid precursor composition comprises less than 20% im-
purities.

The method of Claim 42,

wherein the liquid precursor composition comprises less than 10% im-
purities.

The method of Claim 42,

wherein the liquid precursor composition comprises less than 5% im-
purities.

The method of Claim 42,

wherein the liquid precursor composition consists essentially of the
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[Claim 50]

[Claim 51]

[Claim 52]

[Claim 53]

[Claim 54]

[Claim 55]

[Claim 56]

[Claim 57]

[Claim 58]

[Claim 59]

[Claim 60]

[Claim 61]

[Claim 62]

[Claim 63]

[Claim 64]
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metal compound.

The method of Claim 49, wherein the liquid precursor composition
consists essentially of Co(PrNCHCHNPr),.

The method of Claim 49, wherein the liquid precursor composition
consists essentially of Ni(PrNCHCHNIPr),.

The method of Claim 42, wherein the layer comprises greater than 80%
Coor Ni.

The method of Claim 42, wherein depositing the layer comprises
forming a vapor phase reactant from the liquid precursor composition.
The method of Claim 53, wherein the vapor phase reactant is formed
from a liquid source material comprising the liquid precursor com-
position.

A vapor deposition process for forming a Co-containing film on a
substrate comprising contacting a substrate with a vapor phase reactant,
wherein the vapor phase reactant is formed from a liquid precursor
composition that comprises at least about 80% Co((PrNCHCHNPr),.
The process of Claim 55, wherein the vapor phase reactant is formed by
vaporizing a liquid source material comprising the liquid precursor
composition.

The process of Claim 55, wherein the film comprises greater than 80%
Co.

The method of Claim 55, wherein the vapor deposition process is a
CVD process.

The method of Claim 55, wherein the vapor deposition process is an
ALD process.

A vapor deposition process for forming a Ni-containing film on a
substrate comprising contacting a substrate with a vapor phase reactant,
wherein the vapor phase reactant is formed from a liquid precursor
composition that comprises at least about 80% Ni((PrNCHCHNPr),.
The process of Claim 60, wherein the vapor phase reactant is formed by
vaporizing a liquid source material comprising the liquid precursor
composition.

The process of Claim 60, wherein the film comprises greater than 80%
Ni.

The method of Claim 60, wherein the vapor deposition process is a
CVD process.

The method of Claim 60, wherein the vapor deposition process is an

ALD process.
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[Fig. 1]

Reacting a mixture containing a halogenated metal compound
represented by MX, or halogenated metal complex compound
represented by ZMX,, a diazadiene ligand compound (DAD
compound), and an alkali metal in a solvent,

wherein, in forming the mixture, the DAD compound and
alkali metal are not combined prior to the combination of —_ 100
either (a) the DAD compound with the halogenated metal
compound or halogenated metal complex compound or (b) the
alkali metal with the halogenated metal compound or
halogenated metal complex compound

|

Purifying the mixture to obtain a liquid precursor composition
containing a metal compound represented by Chemical [ ™_

S200
Formula 1

[Fig. 2]

Mixing a halogenated metal compound represented by MX, or
halogenated metal complex compound represented by ZMX, with —~_
a DAD compound 590

Subsequently adding an alkali metal to form a mixture . 60
Reacting the mixture - S100

¥

Purifying the mixture to obtain a liquid precursor composition
containing a metal compound represented by Chemical Formula 1
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[Fig. 3]

Mixing a halogenated metal compound represented by MX, or
halogenated metal complex compound represented by ZMX, with | \_ S70
an alkali metal

¥

Subsequently adding a DAD compound to form a mixture R 530

\

Reacting the mixture [\ 5100

Y

Purifying the reaction product to obtain a liquid precursor
composition containing a metal compound represented by | \_ $200
Chemical Formula 1
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[Fig. 4B]

# | Time Area Height | Width | Area% | Symmetry
1 4.002 253.1 79 0.0438 0.201 0.304
2 15.671 156.7 35.2 0.0679 0.125 0.732
3 16.037 19.6 49 0.0612 0.016 0.766
4 | 18.086 370.7 96.5 0.0576 0.295 0.565
5 | 19.774 23.7 3.9 0.0888 0.019 0.693
6 | 20.013 36.5 8.9 0.0638 0.029 0.755
7 21.9 44.5 4.7 0.134 0.035 2.714
8 22.05 434 7 0.0945 0.035 1.247
9 | 22.204 794 13 0.0906 0.063 1.634
10 | 22.36 253.6 414 0.0923 0.202 1.982
11 | 22.458 330.1 49.7 0.0982 0.263 0.877
12 | 22.598 818.8 144 0.0838 0.065 0.654
13| 22.74 28.4 6 0.0748 0.023 0.966
14 | 23.22 21 3.5 0.0885 0.017 0.792
15| 24.25 12094 70.8 0.2073 0.962 0.299
16 | 24.817 835 12.8 0.0955 0.066 1.729
17 | 25.649 | 1212419 | 5914.1 0.2536 | 96.486 19.322
18 | 25.851 363 82.6 0.0625 0.289 1.396
19 | 25.923 445.7 95.5 0.0672 0.355 0.573
20 | 26.67 50 134 0.0581 0.04 1.029
21 | 26.772 186.4 50.8 0.0573 0.148 1.083
22 | 26.853 175.5 40.8 0.063 0.14 0.649
23 | 27.674 11.2 2.9 0.0597 0.009 1.141
24 | 28.383 57 114 0.0714 0.045 0.685
25 | 28.665 66.4 16.8 0.0622 0.053 0.758
26 | 29.668 244 5.9 0.0644 0.019 0.827
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[Fig. 5]
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#| Time Area | Height | Width | Area% | Symmetry
1 2.577 16.7 7.6 0.0305 0.012 0.267
2 2.665 8.4 3.2 0.0358 0.006 0.834
3 4.1 479.7 216.9 0.033 0.341 0.485
4 4.575 79.7 11.2 0.1033 0.057 0.279
5 7.071 65.4 6.3 0.1536 0.046 0.814
6 11.511 24 4.2 0.0819 0.017 0.526
7 18.372 168.5 52.5 0.0503 0.12 0.979
8 20.346 72.6 10.5 0.095 0.052 3.353
9 20.622 12.9 3.3 0.0592 0.009 0.692
10| 21.289 7347.3 1379.1 0.0734 5.216 3.14
11| 21.438 217.5 39.4 0.0788 0.154 0.804
12| 21.938 93 25.9 0.0547 0.066 0.436
13| 22223 11.2 3 0.0576 0.008 0.741
14| 23.226 24.8 6 0.0627 0.018 0.626
15| 25.976 132237.5| 6965.4 0.2295 93.879 17.652
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[Fig. 7A]
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[Fig. 7B]
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# | Time | Area | Height | Width | Area% | Symmetry
1| 4.17 | 13904 | 7435 | 0.029 2.02 0.736
2 | 4.622 289 42.6 | 0.1007 | 0.42 0.286
3 | 5.139 | 2416 | 80.8 | 0.0445 | 0.351 0.564
4 | 7.205 | 1137.7 | 110.9 | 0.1413 | 1.653 1.482
5| 8116 | 324 11.7 | 0.0426 | 0.047 0.666
6 | 10.714 | 26.8 7.8 0.0512 | 0.039 0.483
7 | 11407 | 1186 | 36.2 | 0.0502 | 0.172 0.449
8 | 16.091 | 114.3 18.6 | 0.0948 | 0.166 0.714
9 |16.479 | 594 18.7 | 0.0507 | 0.086 0.99
10| 17.53 9.7 2.8 0.0534 | 0.014 0.941
11| 18.644 | 6171.1 | 949.2 | 0.0927 | 8.965 2.907
12 | 19.154 | 15944 | 442 0.5557 | 2.316 1.502
13| 19.636 | 279.7 85 0.052 | 0.406 0.917
14| 19.9 77.1 22.7 | 0.0508 | 0.112 1.451
15| 19.992 | 566.8 | 160.2 | 0.0541 | 0.823 1.095
16 | 20.336 | 688.8 | 187.6 | 0.0572 | 1.001 0.992
17 | 20.474 | 486.7 | 1344 | 0.0559 | 0.707 0.971
18| 20.66 | 95.1 18.7 | 0.0721 | 0.138 0.594
19| 21.015 | 1864 | 51.5 | 0.5666 | 0.271 0.877
20| 21.287 | 19.8 4 0.0699 | 0.029 0.488
21| 21.573 | 939.5 | 139.2 | 0.0939 | 1.365 1.347
22| 21.744 | 523.1 | 82.2 | 0.0974 | 0.76 1.416
23| 23.176 | 47.7 12.1 | 0.0597 | 0.069 0.696
24| 23.354 | 597.5 | 1433 | 0.063 | 0.868 0.78
25| 23.775 | 1034 19 0.0796 | 0.15 0.433
26 | 24.208 | 542.9 | 7401 | 0.1087 | 0.789 0.698
27 | 25.84 |36129.6| 3058.6 | 0.1434 | 52.488 11.639
28 | 26.479 |13340.6| 1542.3 | 0.1097 | 19.381 4.665
29 | 27.163 | 1670.3 | 378.1 | 0.0667 | 2.427 2.037
30| 27.27 |1085.2| 307.9 | 0.0539 | 1.577 1.324
31| 27.916 | 127 32.4 | 0.0585 | 0.185 0.674
32| 28.844 | 141.8 | 42.4 | 0.0526 | 0.206 1.019
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[Fig. 8]
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[Fig. 9A]
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[Fig. 9B]
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# | Time Area Height | Width | Area% | Symmetry
1| 4.068 | 2131.5 169.7 | 0.1577 | 1.702 0.112
2 | 26.192 | 123132.6 | 5507.1 | 0.3726 [ 98.298| 5.032

98.3%
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[Fig. 10]
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[Fig. 11A]
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[Fig. 11B]

# | Time Area Height | Width | Area% | Symmetry
1| 2.685 11.3 56 | 0.0316 | 0.01 0.594
2 | 4.328 259.6 103.1 | 0.039 | 0.232 0.578
3| 4.753 33.1 13.4 | 0.0385 | 0.03 0.712
4 | 7.459 38.1 12.4 | 0.0469 | 0.034 0.82
5| 10.913 34.8 11 0.0512 | 0.031 0.927
6 | 16.36 21.2 51 | 0.0628 | 0.019 1.322
7 | 17.819 904.3 257.6 | 0.057 | 0.809 1.206
8 | 18.228 82.6 25.6 | 0.052 | 0.074 1.038
9 | 18.78 115 22.2 | 0.0747 | 0.103 0.474
10| 19.68 38.2 81 | 0.0713 | 0.034 0.809
11| 19.804 21.8 5.4 | 0.0597 | 0.02 0.975
12| 20.245 50.9 16.1 | 0.0496 | 0.046 0.981
13| 20.615 9 2.5 0.0564 | 0.008 1.013
14| 21.248 38.7 9.3 0.0613 | 0.035 0.797
15| 21.602 310 14.4 | 0.1098 | 0.277 0.634
16| 22.363 292.6 80.9 | 0.0566 | 0.262 1.068
17| 22.834 92.5 21.4 | 0.0647 | 0.083 1.411
18| 23.558 31.3 4 0.1039 | 0.028 1.381
19| 24.364 26.2 4.8 0.084 | 0.023 0.86
20| 24.559 24.8 4.7 | 0.0808 | 0.022 0.872
21| 26.768 | 109404.8 | 6060.2 | 0.2186 | 97.813 13.37
22| 27.95 10.6 3.1 | 0.0537 | 0.009 1.018

97.81%
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[Fig. 12]
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[Fig. 13A]
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[Fig. 13B]
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# | Time | Area | Height | Width | Area% | Symmetry
1| 2514 | 105 2.7 | 0.0581 | 0.009 0.464
2| 4.005 | 787.2 | 241.2 | 0.0477 | 0.655 0.676
3| 4133 | 2578 | 307.5 | 0.1218 | 2.146 0.856
4| 7.018 | 66.1 9.5 | 0.0969 | 0.055 0.415
5| 26.241 |115895| 6222 | 0.2333 | 96.48 11.88
6 | 38.962 | 786.5 | 180.4 | 0.0685 | 0.655 16.81

96.48%
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[Fig. 14]
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[Fig. 15A]
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[Fig. 15B]
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# | Time Area Height | Width | Area% | Symmetry
1| 2.58 96.4 42 0.0348 | 0.083 0.694
2| 3.995 | 1614.1 | 478.1 | 0.049 | 1.387 0.394
3| 6.994 79.9 17.2 | 0.0685 | 0.069 0.746
4| 1041 15.9 3.5 0.0669 | 0.014 0.607
5| 18.26 13 4 0.0526 | 0.011 0.965
6 | 20.498 7.7 2.5 0.0503 | 0.007 1.011
7 | 20.661 16.3 4.3 0.0585 | 0.014 0.852
8 | 21.084 | 128.9 30.4 | 0.0671 | 0.111 1

9 | 21.276 39.1 59 | 0.0944 | 0.034 0.61
10| 21.814 84.1 16.4 | 0.0806 | 0.072 0.991
11| 22.109 16.7 4.2 0.0604 | 0.014 0.912
12| 26.23 | 114108.5| 6239.9 | 0.2277 | 98.077| 11.48
13| 26.692 16.9 24 0.095 | 0.015 0.922
14| 27.399 15.2 4.7 | 0.0524 | 0.013 1.062
15| 31.81 29.3 9 0.0523 | 0.025 0.979
16| 32.07 7.1 2.1 | 0.0534 | 0.006 0.904
17| 38.949 57 12.1 | 0.0726 | 0.049 1.542

98.07%
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