SPIN-ON INORGANIC OXIDE CONTAINING COMPOSITION USEFUL AS HARD
MASKS AND FILLING MATERIALS WITH IMPROVED THERMAL STABILITY

FIELD OF INVENTION

[0001] The present invention relates to compositions comprising a soluble, multi-ligand-
substituted metal compound, a high performance an optional polyol additive, and a solvent which are
uscful as air stable precursors to high K metal oxides. These precursors show improved void filling
capacity for trench or via microlithographic features and can yield, afier processing these filled
lithographic features, a substrate containing a patterned high K metal oxide without employing
chemical vapor deposition (CVD). These materials may also be used as hard mask materials.

BACKGROUND

[0002] Metal oxide films are useful in a variety of applications in the semiconductor industry such

as, lithographic hard masks, underlayers for anti-reflective coatings and electro-optical devices.

[0003] As an example, photoresist compositions are used in microlithography processes for making
miniaturized electronic components such as in the fabrication of computer chips and integrated circuits.
Generally, a thin coating of a photoresist composition is applied to a substrate, such as a silicon wafer used
for making integrated circuits. The coated substrate is then baked to remove a desired amount of solvent from
the photoresist. The photoresist film on the substrate is then image-wise exposed to actinic radiation, such as,
visible, ultraviolet, extreme ultraviolet, electron beam, particle beam and X-ray radiation and developed to
form a pattern. The radiation causes a chemical transformation in the exposed areas of the photoresist. The
exposed coating is treated with a developer solution to dissolve and remove either the radiation-exposed or

the unexposed areas of the photoresist.

[0004] The trend towards the miniaturization of semiconductor devices has led to the use of new
photoresists that are sensitive to shorter and shorter wavelengths of radiation and has also led to the use of

sophisticated multilevel systems to overcome difficulties associated with such miniaturization.

[0005] Absorbing antireflective coatings and underlayers in photolithography are used to diminish
problems that result from radiation that reflects from substrates which often are highly reflective. Reflected
radiation results in thin film interference effects and reflective notching. Thin film interference, or standing
waves, result in changes in critical line width dimensions caused by variations in the total light intensity in the
photoresist film as the thickness of the photoresist changes. Interference of reflected and incident exposure
radiation can cause standing wave effects that distort the uniformity of the radiation through the thickness.

Reflective notching becomes severe as the photoresist is patterned over reflective substrates containing



topographical features, which scatter light through the photoresist film, leading to line width variations, and in
the extreme case, forming regions with complete loss of desired dimensions. An antireflective coating film
coated beneath a photoresist and above a reflective substrate provides significant improvement in lithographic
performance of the photoresist. Typically, the bottom antireflective coating is applied on the substrate and
cured, followed by application of a layer of photoresist. The photoresist is imagewise exposed and developed.
The antireflective coating in the exposed area is then typically dry etched using various etching gases, and the

photoresist pattern is thus transferred to the substrate.

[0006] Underlayers containing high amount of refractory elements can be used as hard masks as well
as antireflective coatings. Hard masks are useful when the overlying photoresist is not capable of providing
high enough resistance to dry etching that is used to transfer the image into the underlying semiconductor
substrate. In such circumstances a material called a hard mask is used whose etch resistance is high enough to
transfer any patterns created over it into the underlying semiconductor substrate. This is made possible
because the organic photoresist is different than the underlying hard mask and it is possible to find an etch gas
mixture which will allow the transfer of the image in the photoresist into the underlying hard mask. This
patterned hard mask can then be used with appropriate etch conditions and gas mixtures to transfer the image
from the hard mask into the semiconductor substrate, a task which the photoresist by itself with a single etch

process could not have accomplished.

[0007] Multiple antireflective layers and underlayers are being used in new lithographic techniques.
In cases where the photoresist does not provide sufficient dry etch resistance, underlayers and/or antireflective
coatings for the photoresist that act as a hard mask and are highly etch resistant during substrate etching are
preferred. One approach has been to incorporate silicon, titanium or other metallic materials into a layer
beneath the organic photoresist layer. Additionally, another high carbon content antireflective or mask layer
may be placed beneath the metal containing antireflective layer, such as a trilayer of high carbon film/hard
mask film/photoresist is used to improve the lithographic performance of the imaging process. Conventional
hard masks can be applied by chemical vapor deposition, such as sputtering. However, the relative simplicity
of spin coating versus the aforementioned conventional approaches makes the development of a new spin-on

hard mask or antireflective coating with high concentration of metallic materials in the film very desirable.

[0008] Underlayer compositions for semiconductor applications containing metal oxides have been
shown to provide dry etch resistance as well as antireflective propertiecs. Conventional soluble metal
compounds to form metal oxide films, such as metal alkoxides, however, have been found to be very unstable
to moisture in air thus creating a variety of issues, including shelf life stability, coating problems and
performance shortcomings. Metal oxides have solubility problems in solvents typically used and accepted in

the semiconductor industry.



[0009] For many decades Silicon dioxide (SiO;) has been used as a gate oxide material.
However, to increase device performance, as transistors have decreased in size, the thickness of the
silicon dioxide gate dielectric thickness has steadily decreased in order to increase the gate
capacitance and thereby drive current. Equation | illustrates this relationship between capacitance
gate oxide where a MOSFET (metal-oxide—semiconductor field-effect transistor) is modeled as a
simple parallel plate capacitor, ignoring quantum mechanical and depletion effects from the Si
substrate and gate. In Equation I, A is the capacitor area; k is the relative dielectric constant of the
material (3.9 for silicon dioxide); € is the permittivity of free space and t is the thickness of the

capacitor oxide insulator.
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[0010] However, as the thickness scales much below 2 nm, leakage currents, due to quantum
tunneling increases drastically. This leads to high power consumption and reduced device
reliability. In order to increase gate capacitance without this leakage current, the silicon dioxide gate
dielectric, needs to be replaced with a high-k (high K) material (ak.a. larger x in Equation 1).
Certain metal oxides are useful as high K metal oxides having K values of 10 or higher. However,
these high K metal oxides are always deposited using CVD (chemical vapor deposition). CVD is a
process that is expensive and which needs special equipment and does not have good planarization on the
pattern substrate with deep via or trenches. Thus there is an outstanding need to prepare spin-on high K
material that can be spun from solution which are stable after exposure to air. There is also a need for such
air-stable-and thermally stable high K metal oxide formulations which can additionally act as good via and
trench filling materials showing very low void formation. These needs are meet with the present inventive
composition, which can fill a patterned substrate with a high K metal oxide precursor. Upon processing,
these filled lithographic features, yield a substrate which has a patterned high K metal oxide, originating from
the inventive composition. Apart from their use as high K materials, these novel compositions are useful as
hard masks and in this capacity they may also be used to create a patterned hard mask on a semiconductor
substrate (e.g. Silicon, Germanium and the like), allowing patterning of the substrate through a plasma
etching process. These hard mask patterns may be created by patterning a coating of the novel composition
on an unpatterned substrate through a conventional photoresist patterning approach. Alternatively this pattern
may result from filling of topography already existing in either a semiconductor substrate or in an overlying
patterned resist or patterned spin on carbon layer. In either hard mask application, after pattern transfer into

the substrate is complete, any remaining hard mask pattern is the strippable in chemical solutions.



SUMMARY OF THE INVENTION
[0011] The present invention relates to a composition comprising; components a. c¢. and d.
and optional component b.

Wherein, component a. is a metal compound having the structure (I).
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[0012] In Structure (I), M is a metal having a valence of four (4); n is an integer from 1 to

20 and each Ry, Ry, R3, and R4 is a moiety independently selected from the group consisting of 1),
2) and 3).

[0013] In Structure (I), moiety 1), is a first organic moiety having the structure (II).
Wherein, in structure (1), Rs is selected from the group consisting of C>-Cyg alkylenes, C3-Ciz
branched alkylenes, Cs-Cy; cycloalkylenes, C»-Cyg alkylenes containing a C=C double bond, C3-C;»
branched alkylenes containing a C=C double bond, and Cs-C, cycloalkylenes containing a C=C
double bond; and Rg is hydrogen or an alkyloxycarbonyl having the structure (IIT). Wherein, in
structure (I1I), R is a C;-Cs alkyl.
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[0014] In Structure (I), moiety 2), is a silicon bearing organic moiety having at least 2

carbons and having the structure (IV). Wherein, in structure (IV), Rg and Ro are each independently
selected from the group consisting of C;-Cy alkyls, C3-Cj; branched alkyls, C;-Cg alkyloxys, C3;-Ci»
branched alkyloxys, and Ce-Cjg aryls; Rg is selected from the group consisting of C-Cg alkyls, Cg-
Ci¢ aryls, and hydroxyl and siloxanes having the structure (V). Wherein, in structure (V), Ry; is
selected from the group consisting of hydrogen, C;-Cg alkyls, Ci-Cg alkyls substituted with a
hydroxyl, Ce-Ci¢ aryls, an a silyl moicties having structure (IVa) and R;; and Rz are cach
independently selected from the group consisting of C;-Cg alkyls, C3-Cy2 branched alkyls and Ce-Ci

aryls; and p represents the number of repeat units in the siloxane moiety (V). Wherein, in structure



(IVa), Rga and Ro, are cach independently selected from the group consisting of C;-Cg alkyls, C3-Cy»
branched alkyls, C;-Cg alkyloxys, C3-Cj; branched alkyloxys, and Ce-Cjs aryls and R, is sclected
from the group consisting of C-Cs alkyls, and Cs-C¢ aryls.
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[0015] In Structure (I), moicty 3) is a second organic moicty selected from the group

consisting of C,-Cs alkyls, C,-Cg alkyl carboxyls, C¢-Cy aryl carboxyls, fluorenyl carboxyls,
fluorinated C,-Cs alkyl carboxyls, C»-Cs alkyl sulfonyls, fluorinated C,-Cs alkyl sufonyls, and
mixtures thereof. .

[0016] In Structure (I), the moicties selected may be a mixtures thercof of the
aforementioned moieties in this structure.

[0017] Optional Component b., in the aforementioned inventive compositions, is a polyol
additive having the structure (VI) wherein, X is C or N; r is at least 2; q is from 0 to 2; provided that
the sum of q and r is 4 when X is C, and the sum of q and ris 3. When X is N; R4 is selected from
the group consisting of hydrogen, C;-Cs alkyls and C,-Cg hydroxyalkyls. When X is N, Y is a C;-Cg
alkylene. When X is C, Y is selected from the group consisting of a direct valence bond, Ci-Cs
alkylenes and moicties having the structure (VII). Wherein, in Structure (VII), R;s is a C»-Cg

alkylene; sis0to2;and tis 1 to 2
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[0018] Component c., in the aforementioned inventive compositions, is a high performance

(VII).

polymer additive.

[0019] Component d., in the aforementioned inventive compositions, is a solvent.

[0020] The present invention also pertains to the process using the aforementioned inventive
compositions, as precursors to high K metal oxides. The present invention further pertains to using
the inventive composition to fill lithographic features on a substrate which, after processing, yield a
substrate comprising a patterned high K metal oxide.

[0021] Specifically, it relates to using these novel air stable compositions to coat a patterned
substrate which is a patterned photoresist, patterned spin on carbon, or patterned semiconductor
comprising, Vias, trenches, holes or other hollow topographical features patterns filling these voids
with low void formation, and using these filled patterns in a process to form a patterned metal oxide

on the substrate.

DETAILED DESCRIPTION

[0022] It is to be understood that both the foregoing general description and the following
detailed description are illustrative and explanatory, and are not restrictive of the subject matter, as
claimed. In this application, the use of the singular includes the plural, the word “a” or “an” means
“at least one™, and the use of “or” means “and/or”, unless specifically stated otherwise. Furthermore,
the use of the term “including”, as well as other forms such as “includes™ and “included”, is not
limiting. Also, terms such as “clement” or “component” encompass both elements and components
comprising one¢ unit and clements or components that comprise more than one unit, unless
specifically stated otherwise. As used herein, the conjunction “and” is intended to be inclusive and
the conjunction “or” is not intended to be exclusive unless otherwise indicated. For example, the

phrase “or, alternatively™ is intended to be exclusive. As used herein, the term “and/or” refers to any

combination of the foregoing elements including using a single element.



[0023] The section headings used herein are for organizational purposes and are not to be
construed as limiting the subject matter described. All documents, or portions of documents, cited in
this application, including, but not limited to, patents, patent applications, articles, books, and
treatises, are hereby expressly incorporated herein by reference in their entirety for any purpose. In
the event that one or more of the incorporated literature and similar materials defines a term in a
manner that contradicts the definition of that term in this application, this application controls.

[0024] As used herein, the conjunction “and” is intended to be inclusive and the conjunction

or’ is not intended to be exclusive unless otherwise indicated. For example, the phrase “or,

alternatively” is intended to be exclusive.

[0025] As used herein, the term “and/or” refers to any combination of the foregoing elements

including using a single element.

[0026] As used herein the term “M is a metal having a valence of four (4),” M and the term
“metal,” is inclusive of metalloids having a valence of four (4) such as Silicon, Germanium and the

like unless otherwise indicated.

[0027] As used herein the term “alkyl” refers to straight, or cyclic chain alkyl substituents as
well as any of their branched isomers. More specifically, herein, unless otherwise indicated, alkyl
refers to hydrocarbon groups which can be linear, branched (e.g. methyl, ethyl, propyl, isopropyl,
tert-butyl and the like) or cyclic (e.g. cyclohexyl, cyclopropyl, cyclopentyl and the like) multicyclic
(e.g. norbornyl, adamantly and the like). These alkyl moicties may be substituted or unsubstituted as
described below. The term alkyl refers to such moieties with C; to Cy carbons. It is understood that
for structural reasons linear alkyls start with C;, while branched alkyls and linear start with Cs and
multicyclic alkyls start with Cs. Moreover, it is further understood that moicties derived from alkyls
described below such as substituted alkyls, have the same carbon number ranges unless otherwise
indicated. If the length of the alkyl group is specified as other than described above, the above
described definition of alkyl still stands with respect to it encompassing all types of alkyl moictics as
described above and that the structural consideration with regards to minimum number of carbon for

a given type of alkyl group still apply.

[0028] Alkyloxy (a.k.a. Alkoxy) refers to an alkyl group as defined above on which is

attached through an oxy (-O-) moicty (e.g. methoxy, ethoxy, propoxy, butoxy, 1,2-isopropoxy,



cyclopentyloxy cyclohexyloxy and the like). These alkyloxy moictics may be substituted or

unsubstituted as described below.

[0029] Herein when referring to an alkyl, alkyloxy, moieties with a possible range carbon
atoms which starts with C; such as for instance “C; to Cy alkyl,” or “C- C; to Cy fluoroalkyl,” as a
non-limiting examples, this range encompasses linear alkyls, alkyloxy, fluoroalkyl and
fluoroalkyloxy starting with C; but only designated branched alkyls, branched alkyloxy, cycloalkyl,
cycloalkyloxy, branched fluoroalkyl, and cyclic fluoroalkyl starting with Cs.

[0030] Herein, the term “alkylene,” refers to hydrocarbon groups which can be a linear,
branched or cyclic which has two or more attachment points (e.g. of two attachment points:
methylene, cthylene, 1,2-isopropylene, a 1,4-cyclohexylene au the like; of three attachment points
1,1,1-subsituted methane, 1,1,2-subsituted cthane, 1,2,4-subsituted cyclohexane and the like ). Here
again, when designating a possible range of carbons, such as C; to Cy, as a non-limiting example,
this range encompasses linear alkylenes starting with C; but only designates branched alkylenes, or
cycloalkylene starting with C;. These alkylene moicties may be substituted or unsubstituted as
described below. More specifically, as used herein the term “linear alkylene” refers to straight chain
di-functionalized alkylene substituents having the general formula —CH,-(CH»),-CH»-, as used
herein the term “branched alkylene” refers an alkylene substituent which cither has alkyl substituents

present.

[0031] As used herein the term “aryl” refers to any functional group or substituent derived
from an aromatic ring, such as phenyl, naphthyl, thienyl, indolyl etc. More specifically,herein the
term Aryl or aromatic groups refers to such groups which contain 6 to 24 carbon atoms including
phenyl, tolyl, xylyl, naphthyl, anthracyl, biphenyls, bis-phenyls, tris-phenyls and the like. These aryl
groups may further be substituted with any of the appropriate substituents e.g. alkyl, alkoxy, acyl or

aryl groups mentioned hereinabove.

[0032] The term halide refers to a halo substituent selected from the group consisting of F,

Cl, Br,and L.

[0033] Unless otherwise indicated in the text, the term “substituted” when referring to an
aryl, alkyl, alkyloxy, refers to onc of these moictics which also contain with onc or more

substituents, selected from the group consisting of unsubstituted alkyl, substituted alkyl,



unsubstituted  aryl, alkyloxyaryl (alkyl-O-aryl-), dialkyloxyaryl ((alkyl-O-);-aryl), haloaryl,
alkyloxy, alkylaryl, haloalkyl, halide, hydroxyl, cyano, nitro, acetyl, alkylcarbonyl,

[0034] The term “substituted,” when designating a moiety, unless otherwise denoted, is when
the substituent is selected from any of the above described substituents. Similarly, the term
“unsubstituted” refers to these same moictics, wherein, no substituents apart from hydrogen is

present.

[0035] As used herein the term “diketone” refers to any solvent having two ketone groups

non limiting examples are diacetyl, acetylacetone, and hexane-2,5-dione.

[0036] As used herein the terms “composition™ and “formulation™ are used interchangeable

and mean the same thing.

[0037] As used herein the terms. “spin on carbon layer,” and “organic high carbon coating,”

are interchangeable and mean the same thing.

[0038] Herein, unless otherwise indicated, the term” patterned substrate,” refers to the
following: 1) A patterned semiconductor substrate; 2) a patterned photoresist overcoating a
semiconductor, or a semiconductor coated with an underlayer such as antireflective coating; 3) a
patterned organic high carbon coating on a semiconductor substrate, wherein the original high
carbon material coating, may derived from a coated high carbon polymer film; a coated, spin on
carbon material; or a film of high carbon content deposited on the semiconductor substrate by other
means such as by a vapor deposition process and the like.

[0039] Herein, as used herein the term high k material, high k metal oxide, and high k

comprised of a metal oxide, are interchangeable.

[0040] The present invention relates to a composition comprising; components a. ¢. and d,
and optional component b.

Wherein, component a. is a metal compound having the structure (I).
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[0041] In Structure (I), M is a metal having a valence of four (4); n is an integer from 1 to

20 and cach Ry, Ry, R3, and R4 is a moiety independently sclected from the group consisting of 1),
2) and 3.

[0042] In Structure (I), moiety 1), is a first organic moiety having the structure (II).
Wherein, in structure (I1), Rs is selected from the group consisting of C,-C)¢ alkylenes, C3-Cz
branched alkylenes, Cs-C;; cycloalkylenes, C»-Cjg alkylenes containing a C=C double bond, C;3-C;;
branched alkylenes containing a C=C double bond, and Cs-C, cycloalkylenes containing a C=C
double bond; and Rg is hydrogen or an alkyloxycarbonyl having the structure (III), wherein, in

structure (I11), R is a C;-Cs alkyl.

ci ﬁ
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[0043] In Structure (I), moiety 2), is a silicon bearing organic moicty having at least 2

carbons and having the structure (IV). Wherein, in structure (IV), Rs and Ry are each independently
selected from the group consisting of C;-Cy alkyls, C3-Cj, branched alkyls, C;-Cg alkyloxys, C3-Ci2
branched alkyloxys, and Ce-Ci6 aryls; Ry is selected from the group consisting of C-Cg alkyls, Ce-
Ci¢ aryls, and hydroxyl and siloxanes having the structure (V). Wherein, in structure (V), Ry is
selected from the group consisting of hydrogen, C;-Cg alkyls, C;-Cg alkyls substituted with a
hydroxyl, C¢-Ci¢ aryls, an a silyl moicties having structure (IVa) and Rj; and Rys; are cach
independently selected from the group consisting of C;-Cg alkyls, C3-C;, branched alkyls and Cg-C6
aryls; and p represents the number of repeat units in the siloxane moiety (V). In structure (IVa), Rg,
and Ro, are cach independently selected from the group consisting of C;-Cg alkyls, C3-C,, branched
alkyls, C-Cg alkyloxys, C3-Ci2 branched alkyloxys, and Ce-Cis aryls and Rig, is selected from the
group consisting of C;-Cg alkyls, and Ce-Cj¢ aryls.
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[0044] In Structure (I), moiety 3) is a second organic moiety selected from the group

consisting of C,-Cg alkyls, C»-Cs alkyl carboxyls, Cs-Cog aryl carboxyls, fluorenyl carboxyls,
fluorinated C,-Cys alkyl carboxyls, C>-Cg alkyl sulfonyls, fluorinated C,-Cg alkyl sufonyls, and
mixtures thereof.

[0045] In Structure (I), the moieties selected may be a mixtures thereof of the
aforementioned moieties in this structure.

[0046] Optional Component b., in the aforementioned inventive compositions, is a polyol
additive having the structure (V1) wherein, X is C or N; r is at least 2; q is from 0 to 2; provided that
the sum of q and r is 4 when X is C, and the sum of q and r is 3. When X is N; R4 is sclected from
the group consisting of hydrogen, C;-Cs alkyls and C,-Cs hydroxyalkyls. When X is N, Y is a C;-Cg
alkylene. When X is C, Y is selected from the group consisting of a direct valence bond, C-Cg
alkylenes and moieties having the structure (VII). In Structure (VII), Ris is a C2-Csalkylene; s is 0

to2;and tis | to 2.
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[0047] Component c., in the aforementioned inventive compositions, is a high performance
polymer additive.

[0048] Component d., in the aforementioned inventive compositions, is a solvent.

COMPOSITIONS

Component a., the Metal Compound

[0049] In one embodiment of the aforementioned inventive compositions, in structure (1), M
is selected from the group consisting of Si, Zr, Ta, Hf, Ti, Sn, Si, Pb, Nb, Mo, Ge and W. In another
embodiment of this aspect of the inventive compositions, M is selected from the group consisting of
Zr, Hf, Ti, Ta, Nb and Sn. In yet another embodiment M is selected from Zr, Hf and Ti. In still
another embodiment M is Zr. In still another embodiment M is Hf. In yet another embodiment, M

is Ti.
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[0050] In another embodiment, component a, is a mixture of two or more different metal
compounds having structure (I).

[0051] In another embodiment, component a, is a mixture of two or more different metal
compounds having structure (I), having different M’s.

[0052] In another embodiment, component a, is a mixture of two or more different metal
compounds having structure (I), wherein, M is selected from the group consisting of Si, Zr, Ta, Hf,
Ti, Sn, Si, Pb, Nb, Mo, Ge and W, and further wherein, at least one metal compound in the mixture
does not have M equal to Si.

[0053] In another embodiment, component a, is a mixture of two different metal compounds
having structure (I), wherein, the first metal compound’s M is Si and the second metal compound
has M selected from the group consisting of Zr, Ta, Hf, Ti, Sn, Si, Pb, Nb, Mo, Ge and W.. In
another aspect of this embodiment, the second metal compound has M equal to Zr. In another aspect
of this embodiment, the second metal compound has M equal to Hf. In still another aspect of this
embodiment, the second metal compound has M equal to Ti.

[0054] In another embodiment of the aforementioned inventive compositions, in Structure
(I), at least one of the moicties for Ry, Ra, R3 and Ry is selected from the group consisting of: said
first organic moiety having the structure (II), and said silicon bearing organic moiety having at least
2 carbons and having the structure (IV).

[0055] In another embodiment of the aforementioned inventive compositions, in Structure (I)

at least one of the moieties for Ri, R2, Rz and Ry is selected from the group consisting of:

H.C ﬂ
3
0 \ C—
\\ CH._C/
/C“““C/ H
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[0056] In another embodiment of the aforementioned inventive compositions, in Structure

(I), each Ry, R2, R3 and Ry is independently selected from the group consisting of a first organic
moicty having the structure (II) and a silicon bearing organic moiety having at least 2 carbons and
having the structure (IV).

[0057] In another embodiment of the aforementioned inventive compositions, in Structure
(I), the silicon bearing organic moiety having at least 2 carbons and having the structure (IV) is
present in a range from 30 mole % to 60 mole % of the total moles of Ry, Ry, R3 and Ry of the metal
compound having the structure (I).

[0058] In another embodiment of the aforementioned inventive compositions, in Structure
(I), wherein, n is 2-20.

[0059] In another embodiment of the aforementioned inventive compositions, in Structure
(I), wherein, n is 1.

[0060] In another embodiment of the aforementioned inventive compositions, the first
organic moiety having the structure (II), is one wherein, Rs is a C»-Cyg alkylenes, a C,-Cj¢ alkylenes
containing a C=C double bond, or a Cs-C;> cycloalkylene. In another aspect of this embodiment, Rs
is a C2-Cp alkylene. In another aspect of this embodiment, Rs is a C,-Cyg alkylene containing a
C=C double bond. In yet another aspect, Rs is a Cs-C;; cycloalkylene.

[0061] In another embodiment of the aforementioned inventive compositions, the first
organic moiety having the structure (II), is one wherein, Rg is a C;-Cg alkyloxycarbonyl. In another
aspect of this embodiment, Rg is a C,-Cg alkyloxycarbonyl. In yet another embodiment Rg is a C3-Cy

alkyloxycarbonyl.



14

[0062] In another embodiment of the aforementioned inventive compositions, the first
organic moicty having the structure (II), R¢ has structure (IIT) wherein, R is a C;-Cg alkyl. In
another aspect of this embodiment, R7 is a C»-Cg alky. In yet another embodiment, Ry is C3-C4 alkyl.
[0063] In another embodiment of the aforementioned inventive compositions, structure (IV),
this embodiment is one wherein, Rg is methyl, ethyl, propyl, butyl or t-butyl.

[0064] In another embodiment of the aforementioned inventive compositions, structure (IV),
this embodiment is one wherein, Ry is methyl, ethyl, propyl, butyl or t-butyl.

[0065] In another embodiment of the aforementioned inventive compositions, structure (IV),
this embodiment is one wherein, Rg is selected from the group consisting of C-Cg alkyloxys, C3-C
branched alkyloxys, and Cs-Cj¢ aryls.

[0066] In another embodiment of the aforementioned inventive compositions, structure (IV),
this embodiment is one wherein, Ry 1s selected from the group consisting of C,-Cs alkyloxys, C3-C
branched alkyloxys, and Cs-C¢ aryls.

[0067] In another embodiment of the aforementioned inventive compositions, in structure
(IV), this embodiment is one wherein, Rygis a C;-Cg alkyls, a C¢-C)6 aryls, or a hydroxyl.

[0068] In another embodiment of the aforementioned inventive compositions, in structure
(IV), this embodiment is one wherein, Rypis a C;-Cg alkyls, or a C4-Ci¢ aryls.

[0069] In another embodiment of the aforementioned inventive compositions, in structure
(IV), this embodiment is one wherein, Rjg1s a C;-Cg alkyls.

[0070] In another embodiment of the aforementioned inventive compositions, in structure
(IV), this embodiment is one wherein, Rygis a siloxanes having the structure (V).

[0071] In another embodiment of the aforementioned inventive compositions, structure (IV),
this embodiment is one wherein, Rg and Ro are independently selected from the group consisting of
C-Cs alkyloxys, C3-Cj, branched alkyloxys, and Cs-Ci6 aryls; Rjgis a siloxanes having the structure
(V), wherein, Ry, is a silyl moiety having structure (IVa) wherein, Rg, and Ro, are each
independently selected from a C;-Cg alkyloxys, C3-Ci; branched alkyloxys, and Ry, is a C6-Cig
aryls.

[0072] In another embodiment of the aforementioned inventive compositions, this
embodiment is one wherein, in structure (IV), Rg and Ro are independently sclected from the group
consisting of C;-Cys alkyloxys, C3z-C2 branched alkyloxys, and Ce-C6 aryls; and wherein, Ciois
selected from the group consisting of C;-Cg alkyls, C3-C;, branched alkyls, C;-Cg alkyloxys, C3-Cy»
branched alkyloxys, and C¢-Cjg aryls.
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[0073] In another embodiment of the aforementioned inventive compositions, in structure
(IV), Ryg is methyl, ethyl, propyl, butyl or t-butyl.

[0074] In another embodiment of the aforementioned inventive compositions, in structure
(IV), Ry 1s a siloxane having the structure (V).

[0075] In another embodiment of the aforementioned inventive compositions, in structure
(IV), in structure (V), Ry, is a C;-Cg alkyl or hydrogen. In another aspect of this embodiment, Ry,
is a C;-Cy alkyls or hydrogen. In yet another embodiment, Ry;is a C-Cg alkyls. In still another
embodiment, Ry; is a C-C4 alkyls. In yet another embodiment, Ry; is hydrogen.

[0076] In another embodiment of the aforementioned inventive compositions, in structure
(IV), in structure (V) Rz is a C1-Cs alkyls. In another aspect of this embodiment, Ry is a C;-Cg
alkyls. In yet another embodiment R; 1s a C;-Cy alkyls.

[0077] In another embodiment of the aforementioned inventive compositions, in structure
(IV), RiyszisaC-Csgalkyls. In another aspect of this embodiment, Rys3 is a C;-Cgalkyls. In yet
another embodiment, Rj3 is a C;-Cy4 alkyls.

[0078] In another embodiment of the aforementioned inventive compositions, in structure
(IV), pis 1-500. In another aspect of this embodiment p is 1-200. In yet another embodiment, p is
1-50.

[0079] In another embodiment of the aforementioned inventive compositions, it comprises
metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Ial), structure (Ia2), structure (Ia3), or structure
(Ia4), wherein, Re,, Rg, and R, are independently selected from a C,-Cy alkyls, and further wherein,
n independently is an integer from 1 to 20. In another embodiment of this aspect of the invention n
is 6- 20. In another embodiment of this aspect of the invention n is 1. In yet another embodiment,
when n is 2-20, the metal compound comprises mixture of repeat unit designated by n, and the two
end groups found in the aforementioned structures. In another preferred embodiment of this aspect

of the inventionn is 6- 10.
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[0080] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of these each of which contains a
repeat unit designated by n (the number of repeat units), and two end groups: Wherein, the
structures are (Ib1), structure (Ib2), structure (Ib3), or structure (Ib4), and further wherein, n,
independently 1s an integer from 1 to 20. In another embodiment of this aspect of the invention n is
6- 20. In another embodiment of this aspect of the invention n is 1. In yet another embodiment,
when n is 2-20, the metal compound comprises mixture of repeat unit designated by n, and the two
end groups found in the aforementioned structures. In another preferred embodiment of this aspect

of the inventionn is 6- 10.
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[0081] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n ,(the number of repeat units), and two end
groups: Wherein, the structures are structure (Icl), structure (Ic2), structure (Ic3), structure (Ic4),
structure (IcS), or structure (Ic6), wherein, Ry is selected from the group consisting of hydrogen,
Ci-Cys alkyls, C-Cy alkyls substituted with a hydroxyl, a C¢-Ci¢ aryl, and a silyl moiety having
structure (IVb), and Rea, Reb and Re are independently sclected from a C;-Cy alkyls, wherein, n,
independently is an integer from 1 to 20 and p is independently an integer from 1 to 500. In another
embodiment of this aspect of this invention n is from 1 to 20. In another embodiment of this aspect
of the invention n is 6- 20. In another embodiment of this aspect of the invention nis 1. In yet
another embodiment, when n is 2-20, the metal compound comprises mixture of repeat unit

designated by n, and the two end groups found in the aforementioned structures.
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[0082] In another embodiment of the aforementioned inventive compositions, it comprises
metal compounds having the following structures or mixtures of compounds having these structures
each of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Id1), structure (I1d2), structure (I1d3), structure (1d4),
structure (Id5), or structure (I1d6), wherein, Ry, is a silyl moiety having structure (IVc), wherein, n
independently is an integer from 1 to 20, and p independently is an integer from 1 to 500. In another
embodiment of this aspect of the invention n is 6- 20. In another embodiment of this aspect of the
invention n is 1. In yet another embodiment, when n is 2-20, the metal compound comprises mixture

of repeat unit designated by n, and the two end groups found in the aforementioned structures.
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[0083] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end

groups: Wherein, the structures are structure (Iel), structure (Ie2), structure (Ie3), or structure (Ie4),



21

wherein, Rg, is sclected from a C-Cy4 alkyls, and Rg, and R, are each independently selected from
the group consisting of C-Cs alkyls, C3-C; branched alkyls, C;-Cs alkyloxys, C3-C;» branched
alkyloxys, and Ces-Cjs aryls, and R, 1s selected from the group consisting of C;-Csg alkyls, and Ce-
Ci6 aryls, wherein, n, independently is an integer from I to 20.. In another embodiment of this
aspect of the invention n is 6- 20. In another embodiment of this aspect of the inventionnis 1. In
yet another embodiment, when n is 2-20, the metal compound comprises mixture of repeat unit

designated by n, and the two end groups found in the aforementioned structures.
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[0084] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end

groups: Wherein, the structures are structure (Ifl), structure (If2), or structure (If3), wherein, Rg, is



22

selected from a C;-Cy alkyls, and Rg, and Ro, are ecach independently selected from the group
consisting of C;-Cg alkyls, C3-Cy, branched alkyls, C;-Cs alkyloxys, Cz-Cj» branched alkyloxys, and
C6-Cig aryls, and Ryg, is selected from the group consisting of C-Cs alkyls, and Ce-C 6 aryls,
wherein, nis 1 to 20. In another embodiment of this aspect of the invention n is 6- 20. In another
embodiment of this aspect of the invention n is 1. In yet another embodiment, when n is 2-20, the
metal compound comprises mixture of repeat unit designated by n, and the two end groups found in

the aforementioned structures.

O=——n-Bu

CHs o] CHj

oy :
HyC——8i—0 Hf =0 Si——CHs
| | CHy C

n

CH3 CH, |
HaC——Si——0—H
0= |

(o]
H\""‘n-Bu CH3 0

[e]

(If1). CHy (12)
o
n-Bu, n-Bu
n-Bu ~
0 e / ©
o, /2 |
O, H:C——Si——CH; 0=
i T
0+I—||f—0 n-Bu—0+Hf—0]7n-Bu
et |k
[e] o] o] O
HaC——Si——CH; HsC——Si——CH;
CHs (If3) CHa (1f4)
[0085] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Igl), structure (Ig2), structure (Ig3), or structure

(Ig4), wherein, R, 1s selected from a C;-Cy alkyls, and Rgsand Ro, are each independently selected
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from the group consisting of C;-Cs alkyls, C3-C;; branched alkyls, C;-Cs alkyloxys, C3-C;, branched
alkyloxys, and C¢-C 6 aryls, and R, is selected from the group consisting of C;-Cs alkyls, and Cg-
Cie aryls, wherein, nis 1 to 20. In another embodiment of this aspect of the invention n is 6- 20. In
another embodiment of this aspect of the invention n is 1. In yet another embodiment, when n is 2-
20, the metal compound comprises mixture of repeat unit designated by n, and the two end groups

found in the aforementioned structures.
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[0086] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Ih1), structure (Ih2), structure (Ih4), or structure (Ih3),
wherein, n is 1 to 20. In another embodiment of this aspect of the invention n is 6- 20. In another

embodiment of this aspect of the invention n is 1. In yet another embodiment, when n is 2-20, the
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metal compound comprises mixture of repeat unit designated by n, and the two end groups found in

the aforementioned structures.
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[0087] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Iil), structure (li2), structure (1i3), or structure (1i4),
wherein, Rg, and Rgq are independently selected from a C;-Cy alkyls, and Rg, and Ro, are each
independently selected from the group consisting of C;-Cg alkyls, C3-C,, branched alkyls, C-Cg
alkyloxys, C3-C; branched alkyloxys, and Cs-Cj¢ aryls, and R is selected from the group
consisting of C-Csg alkyls, and Cs-C) aryls, and further wherein, n is 1 to 20. In another



25

embodiment of this aspect of the invention n is 6- 20. In another embodiment of this aspect of the
invention n is I. In yet another embodiment, when n is 2-20, the metal compound comprises mixture

of repeat unit designated by n, and the two end groups found in the aforementioned structures.
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[0088] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
each of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Ij1), structure (Ij2), structure (1j3), or structure (1j4),
wherein, n is 1 to 20. In another embodiment of this aspect of the invention n is 6- 20. In another
embodiment of this aspect of the invention n is 1. In yet another embodiment, when n is 2-20, the

metal compound comprises mixture of repeat unit designated by n, and the two end groups found in

the aforementioned structures.
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[0089] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (Ik1), structure (Ik2), structure (Ik3), or structure
(Ik4), wherein, R, 1s selected from a C;-Cy alkyls, and Rgss and Ro, are each independently selected
from the group consisting of C;-Cs alkyls, C3-C;, branched alkyls, C;-Cs alkyloxys, C3-C;; branched
alkyloxys, and Cs-C¢ aryls, and R g, is a C;-Cs alkyls, wherein, n is 6- 20. In yet another
embodiment, when n is 6-20, the metal compound comprises mixture of repeat unit designated by n,

and the two end groups found in the aforementioned structures.
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[0090] In another embodiment of the aforementioned inventive compositions, it comprises

metal compounds having the following structures or mixtures of compounds having these structures
cach of which contains a repeat unit designated by n (the number of repeat units), and two end
groups: Wherein, the structures are structure (I11), structure (112), structure (113), or structure (113),
wherein, n is 6- 20.  In yet another embodiment, when n is 6-20, the metal compound comprises
mixture of repeat unit designated by n, and the two end groups found in the aforementioned

structures.
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[0091]

In another embodiment of the aforementioned inventive composition, the wt. % of

component a., the metal compound, as the total wt. % of all solid components, when component b,
the polyol, is present, is from about 20 wt. % to about 98 wt. %. In another aspect of this
embodiment the wt. % total solid component is from about 25 wt. % to about 80 wt. %. In another
aspect of this embodiment the wt. % total solid component is from about 30 wt. % to about 70 wt. %.
In another aspect of this embodiment the wt. % total solid component is from about 35 wt. % to
about 65 wt. %. In another aspect of this embodiment the wt. % total solid component is from
about 40 wt. % to about 60 wt. %. In another aspect of this embodiment the wt. % total solid
component is from about 45 wt. % to about 60 wt. %. In another aspect of this embodiment the wt.

% total solid component is from about 50 wt. % to about 60 wt. %. In another aspect of this

embodiment the wt. % total solid component is from about 55 wt. % to about 60 wt. %
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[0092] In another preferred embodiment of the aforementioned inventive composition, when
component b., the polyol, is present, the wt. % of component a., the metal compound, is present
from about 20 wt. % to about 85 wt. %. In another aspect of this embodiment the wt. % total solid
component a. is from about 30 wt. % to about 80 wt. %. In another aspect of this embodiment the
wt. % total solid component a. is from about 50 wt. % to about 75 wt. %.

[0093] In all the above described embodiment where component b., the polyol, is present the
total combined solid content, adds up to 100 wt. %, if no additional solid components are present. .
If an additional solid component is present the total wt. % solid of all solids component a.,
component b., component ¢ and any additional component(s) adds up to 100 wt. % of total solids, if
no additional solid components are present. If an additional solid component is present the total wt.
% solid of all solids, component a., component b., component ¢ and any additional component(s)
adds up to 100 wt. % of total solids.

[0094] In another embodiment of the aforementioned inventive composition, the wt. % of
component a., the metal compound, as the total wt. % of all solid components, when component b.,
the polyol, is not present, is from about 20 wt. % to about 98 wt. %. In another aspect of this
embodiment the wt. % total solid component is from about 25 wt. % to about 80 wt. %. In another
aspect of this embodiment the wt. % total solid component is from about 30 wt. % to about 70 wt. %.
In another aspect of this embodiment the wt. % total solid component is from about 35 wt. % to
about 65 wt. %. In another aspect of this embodiment the wt. % total solid component is from
about 40 wt. % to about 60 wt. %. In another aspect of this embodiment the wt. % total solid
component is from about 45 wt. % to about 55 wt. %.. In another aspect of this embodiment the wt.
% total solid component is from about 50 wt. %. In all the above described embodiment where
component b. is absent the total combined solid wt. % solids of component and component ¢, if no
other additional solid components are present. . If an additional solid component is present the total
wt. % solid of all solids, component a., component ¢ and any additional other component(s) adds up

to 100 wt. % of total solids.

Optional Component b., the Polyol

[0095] In one embodiment of the aforementioned inventive compositions, component b., the
polyol, is present.

[0096] In another embodiment of the aforementioned inventive compositions, in component

b., in the polyol additive having the structure (VI), this embodiment is one wherein, X is C.
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[0097] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, X is N.

[0098] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, Y is a direct
bond, methylene, ethylene or a moiety having the structure (VII).

[0099] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment this embodiment is one wherein,
ris2,3 or4.

[0100] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, R4 is hydrogen.
[0101] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, q is 0, 1 or 2.
[0102] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, s is 0 or 2.
[0103] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, s is 0.

[0104] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, s is 2.

[0105] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), this embodiment is one wherein, s is 1.

[0106] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), when X is N, Y is a C;-Cs alkylene, or, when X is
C, Y is selected from the group consisting of a direct valence bond, C-Cs alkylene and moieties
having the structure (VII), this embodiment is one wherein, R;s is ethylene or propylene.

[0107] In another embodiment of the aforementioned inventive compositions, in component
b., in the polyol additive having the structure (VI), when X is N, Y is a C;-Cs alkylene, or, when X is
C, Y is selected from the group consisting of a direct valence bond, a C-Cs alkylene and moieties
having the structure (VII), this embodiment is one wherein, t is 1.

[0108] In another embodiment of the aforementioned inventive compositions, in component
b., this embodiment is one wherein, in the polyol additive is selected from the group consisting of
tetracthylene glycol, tricthylene glycol, glycerol, tricthanolamine, dicthanolamine, neopentyl glycol,

glycerol propoxylate, and pentaerythritol ethoxylate.
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[0109] In another embodiment of the aforementioned inventive compositions, when

component b., is present this embodiment is one wherein, in the polyol additive is selected from the

group consisting of:
" oH

Ho N o HOCsHEOI~ _CH__(OCaH OH .

(OC3Hg)yOH
|

HO(CH,CH,0), (OCH,CH,),OH
HO(CHQCHZO)dX(OCHECHQ)bOH . where at+b+c+d =3-4,

HO OH
HsC CH
HOCHQCHENHCHQCHQOH H3C CH3 and SHXOHB

[0110] In another embodiment of the aforementioned inventive composition, when
component b) is present it is selected from the group consisting of

(\OH (CI)C?,HG)”{OH
Ho Ny HOCaHEO) i~ CH_(OCsHgWOH W )

HO(CHZCHzO)cX(OCHQCHQ)aOH
HO(CH2CH,0)4 (OCH2CH2)OH | where atb+et+d =3-4, and

HOCH,CH,NHCH,CH,OH

In another embodiment of the aforementioned inventive composition, component b) is selected from

(\OH (?CSHS)n'OH
HO/\/N\/\OH 1 01_HO(C3H6O)H. \/CH\/(OC:,,HS),,-OH fliore ti=112;

In another embodiment of the aforementioned inventive composition, component b) is selected from

" oH

HO >N~
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[0111] In another embodiment of the aforementioned inventive composition, when
component b., the polyol, is present, the wt. % of this component as a wt. % of all solid components
is about 1 wt. % to about 30 wt. %. In another aspect of this embodiment the wt. % total solid
component is from about 5 wt. % to about 30 wt. %. In another aspect of this embodiment this wt.
% of component b. as wt. % of total solid components is from about 10 wt. % to about 25 wt. %. In
another aspect of this embodiment this wt. % of component b. as wt. % of total solid components, is
from about 10 wt. % to about 20 wt. %. In another aspect of this embodiment this wt. % of
component b. as wt. % of total solid components, is from about 12 wt. % to about 15 wt. %. In all
the above described embodiment where component b. is present the total combined solid content,
adds up to 100 wt. % of total solids, if no additional component is present. If an additional
component is present, the total wt. % solid of all solids component a., component b., component ¢
and any of these additional component(s) add up to 100 wt. % oftotal solids.

[0112] In another embodiment of the aforementioned inventive compositions, in component
b., this embodiment is one wherein, in the polyol additive has a molecular weight of less than 500.
[0113] In another embodiment of the aforementioned inventive compositions, in component
b., this embodiment is one wherein, the polyol additive has a molecular weight of less than 300.
[0114] In another embodiment of the aforementioned inventive compositions, in component
b., the polyol additive has a boiling point of at least 200°C.

[0115] In another embodiment of the aforementioned inventive compositions, the polyol
additive has a boiling point of at least 250°C

[0116] In another embodiment of the aforementioned inventive compositions, the polyol
additive has a boiling point of at lecast 400°C.

[0117] In another embodiment of the aforementioned inventive compositions, component c.
the high performance polymer additive, is selected from the group consisting of polyethers,

polyesters, polysulfones and polyethersulfones.

Component c., the High Performance Polymer
[0118] In another embodiment of the aforementioned inventive compositions, component c.,

the high performance polymer component, comprises a unit having the structure (VIII):
[0119] +A-B-ci- (VII)

wherein,
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A comprises a fused aromatic ring;

B has the structure (IX):

(IX),
wherein, R and R7 are each independently hydrogen or a C;-C4 alkyl; and

C is a hydroxybiphenyl having the structure (X):

ﬁ\ =
A
L 4 X).
[0120] In another embodiment of the aforementioned inventive compositions, component c.

the high performance polymer additive the high performance polymer additive comprises a unit

having the structure (VIII), wherein, A has the structure (XI):

wherein, D is a group comprising 2-8 fused aromatic rings.

[0121] In another embodiment of the aforementioned inventive compositions, component c.
where the high performance polymer additive comprises a unit having the structure (VIII), this is an
embodiment wherein, A has the structure (XI), and further wherein, D in this structure is anthracene.
[0122] In another embodiment of the aforementioned inventive compositions, where
component c. the high performance polymer additive the high performance polymer additive
comprises a unit having the structure (VIII), this is an embodiment wherein, A is anthracene.

[0123] In another embodiment of the aforementioned inventive compositions, where
component ¢. the high performance polymer additive the high performance polymer additive

compriscs a unit having the structure (VIII), this is an embodiment wherein, A has the structure:
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[0124] In another embodiment of the aforementioned inventive compositions, where
component c. the high performance polymer additive the high performance polymer additive

comprises a unit having the structure (VIII), this is an embodiment wherein, B has the structure:

ne

[0125] In another embodiment of the aforementioned inventive compositions, where

component c. the high performance polymer additive the high performance polymer additive

comprises a unit having the structure (VIII), this is an embodiment wherein, C has the structure:

N OH
|
=
[0001] L g s
[0126] In another embodiment of the aforementioned inventive compositions, where

component ¢. the high performance polymer additive the high performance polymer additive

comprises a unit having the structure (VIII), wherein, C has the structure:

IOH

[0127] In another embodiment of the aforementioned inventive compositions, where the high
performance polymer additive comprises a unit having the structure (VIII), wherein, A comprises a
fused aromatic ring, B has the structure (IX), Ry7 is hydrogen or a C;-C, alkyl, and Cis a
hydroxybiphenyl having the structure (X), this is an embodiment wherein, R 6 is hydrogen or
methyl.

[0128] In another embodiment, where the high performance polymer additive comprises a
unit having the structure (VIII), wherein, A comprises a fused aromatic ring, B has the structure
(IX), Ri¢ is hydrogen or a C-Cy alkyl, and C is a hydroxybiphenyl having the structure (X), this is
an embodiment wherein, R;7 is hydrogen or methyl.

[0129] In another embodiment of the aforementioned inventive compositions, where the high

performance polymer additive comprises a unit having the structure (VIII), wherein, A comprises a
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fused aromatic ring, B has the structure (IX), R16 and R;7 are independently selected from
hydrogen or a C-C4 alkyl, and C is a hydroxybiphenyl having the structure (X), this embodiment of

the high performance polymer additive further comprises a unit having the structure (XVI):
—E— xv)

wherein, E is a group comprising 2-8 fused aromatic rings.
[0130] In another embodiment of the aforementioned inventive compositions, component c,
the high performance polymer additive comprises a unit having a structure selected from the group

consisting of:

-OFO--OFOF OO}

O O
0 e as
|[?1a ’?19
—en{ Yenl( e ) () Q)
v O

[0131] In another aspect of this embodiment, Rs and R ¢ are each independently hydrogen
ora C;-Cy alkyl. In yet another embodiment Rig is hydrogen or methyl. In still another embodiment
Rjo is hydrogen or methyl.

[0132] In another embodiment of the aforementioned inventive compositions, component c,
the high performance polymer additive, is present in an amount that is from about 1 wt. % up to
about 50 wt. % of the metal compound.

[0133] In another embodiment of the aforementioned inventive compositions, when
component b., the polyol, is present, component ¢, the high performance polymer additive, is present
as a wt. % of total solid components from about 1 wt. % to about 50 wt. %. In another aspect of this
embodiment component b. is present from about 5 wt. % to about 50 wt. %. . In another aspect of
this embodiment component b. is present from about 10 wt. % to about 50 wt. %. %. In another
aspect of this embodiment component b. is present from about 15 wt. % to about 50 wt. %. %. In
another aspect of this embodiment component b. is present from about 20 wt. % to about 50 wt. %.
%. In another aspect of this embodiment component b. is present from about 20 wt. % to about 45

wt. %. In another aspect of this embodiment component b. is present from about 20 wt. % to about
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40 wt. %. In another aspect of this embodiment component b. is present from about 25wt. % to
about 35 wt. %. In all aspects of these embodiments to total wt. % of solids components a. b. and c.,
adds up, to 100 wt. %, if no additional solid components are present. . If an additional solid
component is present, the total wt. % solid of all solids component a., component b., component ¢
and any additional component(s) adds up to 100 wt. % of'total solids.

[0134] In another embodiment of the aforementioned inventive compositions, when
component b. is not present, component c, the high performance polymer additive, is present in as a
wt. % of total solid from about I wt. % to about 60 wt. %. In another aspect of this embodiment
component c. is present from about 5 wt. % to about 60 wt. %. . In another aspect of this
embodiment component c. is present from about 10 wt. % to about 60 wt. %. %. In another aspect
of this embodiment component c. is present from about 15 wt. % to about 55 wt. %. %. In another
aspect of this embodiment component c. is present from about 20 wt. % to about 55 wt. %. %. In
another aspect of this embodiment component c. is present from about 25 wt. % to about 55 wt. %.
In another aspect of this embodiment component c. is present from about 30 wt. % to about 55 wt.
%. In another aspect of this embodiment component c. is present from about 35 wt. % to about 55
wt. %. In another aspect of this embodiment component c. is present from about 40 wt. % to about
55 wt. %. In another aspect of this embodiment component c. is present from about 45 wt. % to
about 55 wt. %. In another aspect of this embodiment component c. is present from about 50 wt. %.
In all aspects of these embodiments when component b is absent the total wt. % of solids
components a. and c. adds up to 100 wt. %, if no other additional solid components are present. If
an additional solid component is present the total wt. % solid of all solids component a., component
¢ and any other additional component(s) adds up to 100 wt. % of total solids.

Component d., the Solvent

[0135] The solvent usually is a solvent or solvent mixture containing alcohol, ester, ketone,
lactone, diketones. Additional component (<1%) such as surfactant can be added to improve coating
quality. The composition of the baked film contains 20-70% of total oxide at the above condition
[0136] In the above described novel composition the solid components may be dissolved in a
solvent component f) which is an organic solvent. Examples of suitable organic solvents include,
without limitation, 1-Methoxy-2-propanyl acctate(PGMEA), 1-Methoxy-2-propanol (PGME) butyl
acetate, amyl acetate, cyclohexyl acetate, 3-methoxybutyl acetate, methyl ethyl ketone, methyl amyl
ketone, cyclohexanone, cyclopentanone, ethyl-3-cthoxy propanoate, methyl-3-ethoxy propanoate,

methyl-3-methoxy propanoate, methyl acetoacetate, ethyl acetoacetate, diacetone alcohol, methyl
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pivalate, cthyl pivalate, propylene glycol monomethyl cther, propylene glycol monocthyl cther,
propylene glycol monomethyl ether propanoate, propylene glycol monoethyl ether propanoate,
cthylene glycol monomethy! cther, cthylene glycol monocthyl ether, dicthylene glycol monomethyl
cther, dicthylene glycol monoethyl ether, 3-methyl-3-methoxybutanol, N-methylpyrrolidone,
dimethyl sulfoxide, gamma-butyrolactone, gamma valerolactone, propylene glycol methyl ether
acctate, propylene glycol ethyl ether acetate, propylene glycol propyl ether acetate, methyl lactate,
cthyl lactate, propyl lactate, tetramethylene sulfone, propylene glycol dimethyl ether, dipropylene
glycol dimethyl ether, ethylene glycol dimethyl ether or diethylene glycol dimethyl ether, and
anisole. These solvents may be used singly or in a mixture of two or more.

[0137] In one embodiment the solid components are dissolved in PGMEA/PGME 70:30.
[0138] In another embodiment of the aforementioned inventive compositions, component d,
the solvent, is selected from the group consisting of alcohols, esters, ketones, lactones, diketones,
aromatic moieties, carboxylic acids, amides and mixtures thereof.

[0139] In one embodiment the solvent is cyclohexanone.

Optional Components
[0140] In another embodiment of the aforementioned inventive compositions, in addition to

components a. b. ¢. and d. these compositions may further comprise at least one additional
component sclected from the group consisting of surfactants, levelling agents, crosslinking additives
and thermally activated catalysts.

[0141] Optional component such as surfactant can be added to improve coating quality in
small amount such as level smaller than | wt. %.

[0142] More specifically, which have compatibility with and can be added to the novel
composition disclosed and claimed herein according to need, include auxiliary resins, plasticizers,
surface leveling agents and stabilizers to improve the properties of the coated composition on the
surface, and the like. Surface leveling agents may include surfactants. There is no particular
restriction with regard to the surfactant, and the examples of it include a polyoxyethylene alkyl ether
such as polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether,
and polyoxyethylene olein ether; a polyoxyethylene alkylaryl ether such as polyoxyethylene
octylphenol ether and polyoxyethylene nonylphenol ether; a polyoxyethylene polyoxypropylene
block copolymer; a sorbitane fatty acid ester such as sorbitane monolaurate, sorbitane

monovalmitate, and sorbitane monostearate; a nonionic surfactant of a polyoxyethylene sorbitane
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fatty acid ester such as polyoxyethylene sorbitane monolaurate, polyoxyethylene sorbitane
monopalmitate, polyoxyethylene sorbitane monostearate, polyethylene sorbitane trioleate, and
polyoxyethylene sorbitane tristearate; a fluorinated surfactant such as F-Top EF301, EF303, and
EF352 (manufactured by Jemco Inc.), Megafac F171, F172, F173, R08, R30, R90, and R94
(manufactured by Dainippon Ink & Chemicals, Inc.), Florad FC-430, FC-431, FC-4430, and FC-
4432 (manufactured by Sumitomo 3M Ltd.), Asahi Guard AG710, Surflon S-381, S-382, S-386,
SC101, SC102, SC103, SC104, SC105, SC106, Surfinol E1004, KH-10, KH-20, KH-30, and KH-40
(manufactured by Asahi Glass Co., Ltd.); an organosiloxane polymer such as KP-341, X-70-092,
and X-70-093 (manufactured by Shin-Etsu Chemical Co., Ltd.); and an acrylic acid or a methacrylic
acid polymer such as Polyflow No. 75 and No. 95 (manufactured by Kyoeisha Yushikagaku Kogyo
K. K)).

[0143] In another embodiment of the aforementioned inventive compositions, is wherein, the

surfactant is present in an amount that is less than 1% of the total weight of the composition.

Compositions: Content of Total Solid Components in Solvent

[0144] In one embodiment the total wt. % solid content of all solid components in solvent
(wt/wt) for these novel composition ranges from about 1 wt. % to about 40 wt. % total solid
components in this solvent. In another embodiment from about 2 wt. % to about 40 wt. %. In yet
another embodiment of this aspect of the invention, from about 5 wt. % to about 35 wt. %. In yet
another embodiment of this aspect of the invention, the wt. % of solid components is from about 10
wt. % to about 35 wt. %. In yet another embodiment of this aspect of the invention, from about 10
wt. % to about 35 wt. %. In still another embodiment of this aspect of the invention, the wt. % of
solid components is from about 15 wt. % to about 30 wt. %. In another from about 20 wt. % to
about 30 wt. %. In yet another embodiment of this aspect of the invention, the wt. % of solid

components is about 25 wt. %.

METHOD OF USING COMPOSITION

Process for filling voids in substrate having topographical features.

[0145] One aspect of this invention is a process of manufacturing an electronic device by
forming a patterned high K materials produced by filling voids such a Vias in a pattemed substrate,
by a coating process with any of the above described novel compositions. The patterned substrate

may be a patterned semiconductor (Silicon, germanium and the like), a patterned spin on carbon, or
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a patterned resist. The resultant patterned material, apart from its utility as a high K material, may
alternatively be used in the manufacturing of electronic devices, in the role of a hard mask. This
patterned hard mask, by virtue of the refractory nature of the content of metal compounds in the
inventive composition which imparts high ctch resistance to various plasmas, and allows a pattern to
be etched and transferred into the substrate.

[0146] The novel compositions may be applied to a substrate ( unpatterned or patterned
substrate) to form a coating film as follows:

a) Applying any one of the above described inventive compositions, onto a substrate to form a
coating film; and

b) Heating the coating film at a temperature between 150°C and 400°C and for a time from 30
to 240 seconds, forming a cured coating film.

[0147] In another aspect of this embodiment, the coating film is heated for a time of up to
120 seconds. In another aspect, the inventive hard mask composition is applied onto the substrate by
a spin-on coating process. In yet another aspect this composition is applied onto the substrate in step
a) by a one-step spin-on coating process to form the coating film.

[0148] In one embodiment of this process, pertaining to the inventive composition’s utility as
a void filling material, the substrate coated with the composition to form the coated film is a
patterned substrate comprising topographical features. In this instance, said coating film is coated
with a thickness sufficient such that it and the cured coating film formed in step b) overlays said
topographical features, and further wherein, after baking the film in step b), the process further

compriscs an additional step, step ¢) as follows:

c) Removing the portion of said cured coating film overlaying the top of the topography using a
chemical stripper or a fluorinated plasma etch, thereby producing filled topographical features

wherein the cured coating film is flush with the top of said topographical features.

[0149] In another embodiment of this void filling aspect of the inventive process, said
topographical features are in a patterned spin on carbon layer overlying a silicon substrate.In another
embodiment of this process, said topographical features are in a patterned semiconductor such as
silicon, germanium and the like. In yet another, said topographical features are in a patterned resist
overlaying said semiconductor substrate. In yet another embodiment of any of these void filling

inventive processes, the said topographical features filled are Vias. In yet another embodiment of
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any of these void filling processes the said topographical features are Contact holes, Vias or a
mixture of both.

[0150] In still another embodiment, of the any of these processes, when the topographical
features are a patterned photoresist or a patterned organic high carbon coating, overlying a
semiconductor substrate (¢.g. Silicon, Germanium and the like), the processes further comprise, after
step ¢), an additional step, step d), as follows:

d) Removing said patterned organic high carbon coating or said patterned photoresist with an
oxygen plasma, thereby forming a negative tone image of said patterned photoresist, or said
patterned organic high carbon coating, wherein, the remaining said filled topographic features, after
removal of said pattemed photoresist or said patterned organic high carbon coating, forms a pattern
comprised of metal oxide. In one aspect of this invention, this pattern comprised of metal oxide has
utility as either a patterned high K material, useful in producing microelectronic components
incorporating such a high K material. Alternatively, in another aspect of this invention, the pattern
comprised of a metal oxide, may be used as a patterned hard mask for pattern transfer into the
underlying semiconductor substrate using an approximate plasma such as a fluorinated plasma and
the like.

[0151] In the inventive process in which the remaining patterned novel composition after
step d) is not used as a patterned high K material, but as a patterned hard mask, the above inventive
process comprises an additional step, after step d), step e) as follows:

e) Using said pattern comprised of metal oxide as patterned hard mask, etch barrier, and
etching into the semiconductor substrate with a fluorinated plasma.

[0152] In still another embodiment of the any of these above processes (a.k.a. cither to
produce a patterned high K material or a patterned hard mask, said topographical features have an
aspect ratio of 1:1 to 10:1. In still another embodiment of the any of these processes
said topographical features have an aspect ratio of 1 to 10 and may be selected from ones that range
in critical dimension (CD) from 5 nm to 100 nm.

[0153] In still another embodiment of any above described processes in step b) baking the
film at a temperature from 150°C to 400°C, is done in two baking steps bl) and b2) where baking
step bl) is done from 250°C to 275°C and baking step b2) is done from 300°C to 400°C. In another
aspect of this embodiment, said baking step bl) is 200°C to 250°C and the baking step b2) is 350°C
to 400°C. In another embodiment of this aspect, said baking step bl) is 250°C and the baking step
b2) is 400°C. In yet another aspect, said baking step bl) is done for 30 to 120 seconds and said
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baking step b2) is done for 60 to 120 seconds. In still another aspect, said baking step bl is done for
60 seconds to 120 seconds and said baking step b2) is done for 90 second to 120 seconds. In yet
another aspect, said baking step bl) is done for 60 seconds. In still another aspect said baking step
b2) is done for 120 seconds.

[0154] In still another aspect, said baking step bl is done for 1 minute and said baking step
b2) is done for 120 seconds. In yet another aspect, said baking step bl) is done for 60 seconds. In

still another aspect said baking step b2) is done for 120 seconds.

Process for using the inventive compositions on a silicon substrate to produce a patterned hard
mask

[0155] Another aspect of this invention is a process for producing a patterned hard mask on
an unpatterned substrate, using any one of the above described inventive hard mask compositions,
and using this pattern to create a pattemed substrate, wherein, this process comprises steps a3) to h3)

as follows:

a3)  Applying a composition from any one of claims 1 to 94 onto said substrate to form a coating
film,

b3)  Baking the coating filmat a temperature from 150°C to 400°C to form a hard mask film

c3)  Coating a bottom antireflective coating on top of said hard mask film,

d3)  Coating a photoresist on top of said antireflective coating,

e¢3)  Patterning the photoresist resist forming a photoresist pattern,
3) Etching through said bottom antireflective coating not protected by said photoresist pattern

down to the hard mask coating with a fluorinated plasma,

g3)  Etching through said hard mask film not protected by the bottom antireflective coating and
said photoresist pattern down to the silicon substrate with a chlorine plasma producing a
patterned hard mask film,

h3)  etching with a fluorinated plasma into the silicon substrate in those area not protected by said

patterned hard mask film producing topographical features into the silicon features.

[0156] In another aspect of this process in step in b3) the film is baked at a temperature from
150°C to 400°C is done in two baking steps bl”) and b2’) where baking step bl’) is done from
150°C to 250°C and baking step b2”) is done from 300°C to 400°C. In another aspect of this
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embodiment, said baking step b1”) is 200°C to 250°C and the baking step b2”) is 350°C to 400°C.
In another aspect of this embodiment, said baking step bl’) is 250°C and the baking step b2’) is
400°C. In yet another aspect said baking step b1°) is done for 30 seconds to 120 seconds and said
baking step b2’) is done for 60 seconds to 120 seconds.
[0157] In still another aspect, the baking step bl”) is done for 90 to 120 seconds. In yet
another aspect said baking step b2”) is done for 90 seconds to 120 seconds.
[0158] In still another, said baking step bl’) is done for 60 seconds and said baking step
b2’) is done for 120 seconds.
[0159] In one embodiment the cured films of inventive composition cured as described
above contains about 15 wt. % to about 75 wt. % total metal oxide. In another aspect of this
embodiment the cured films contain from about 20 wt. % to about-70 wt. % metal oxide.
[0160] As discussed above, patterned cured inventive composition films, used as patterned
hard masks, are produced in two manners, as follows: 1) Through a filling of topographical features
comprised of patterned photoresist or patterned organic high carbon coating on as semiconductor
substrate; or, 2) through a photoresist patterning process of a cured film of the inventive composition
on an unpatterned semiconductor substrate. In either case, after etch transfer with a fluorine plasma,
some of the patterned hard mask, after this transfer. In this instance, any remaining hard mask pattern
is the strippable in chemical solutions.

EXAMPLES
[0161] Reference will now be made to more specific embodiments of the present disclosure
and experimental results that provide support for such embodiments. However, Applicants note that
the disclosure below is for illustrative purposes only and is not intended to limit the scope of the

claimed subject matter in any way.

[0162] The molecular weight of the polymers was measured on a Gel Permeation
Chromatograph using a Water 2695 Alliance Separation Module, or equivalent equipped with a
Waters Dual Wavelength UV Detector, Model 2487, or equivalent and a Waters Differential
Refractometer, Model 2414, Dectector equivalent, a Shodex Columns set as follows: one Shodex
GPC KF-801 (1.5 x 10% column, Two Shodex GPC KF-802 (5 x 10°) columns and one Shodex
GPC KF-804 (4 x 10°) column. The mobile phase was UV stabilized THF HPLC grade and the
molecular weight standard was as set of polystyrene standards supplied by American Standards
Corporation and Millipore Corporation or equivalent.
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[0163] AZ®ATF Thinner (ArF thinner) (a.k.a. 70/30 PGMEA/PGME) was obtained from EMD
Performance Materials Corp. (70, Meister Ave., Somerville, NJ). Ti(IV), Butoxide Polymer (BTP),
Pentaerythritol ethoxylate (3/4 EO/OH) and other chemicals, unless otherwise indicated, were purchased from

the Sigma-Aldrich Corp (St. Louis, MO, USA).

[0002] The refractive index (n) and the extinction coefficient (k) values of the examples
metal oxide coatings below were measured on a J. A. Woollam VASE32 cllipsometer.

[0164] Thermogravetric measurements use to measure Ti wt. % or content of other metals
were done using A Perkin Elmer Thermogravimetric Analyzer TGA7 with heating from 50°C to
800°C at a heating rate of 120°C/min in a O, atmosphere and maintaining this temperature for 60

minutes.

[0165] Elemental analysis used to measure Ti or content of other metal content in wt. % and
Si content in wt. % were done by Intertek of Whitehouse NJ.
[0166] The amount of the high performance polymer additives is usually less than 100% of

the metal compound, preferably less than 50% of the metal compound.

[0167] The solvent usually is a solvent or solvent mixture containing alcohol, ester, ketone,
lactone, diketones. Additional component (<1%) such as surfactant can be added to improve coating

quality.

Synthesis Example 1

[0168] 200 g. of Hf(1V) tetra n-butoxide (0.4247 mole) was dissolved in 276 g of 70/30
PGMEA/PGME and poured into the reaction vessel under N». The temperature was raised to 50°C
at stirring while trimethylsilanol 76 g. 0.8426 mole) was added dropwise in above solution with
stirring under N». The reaction was kept at 60°C for 2 h. 127 g of 1, 2-cyclohexanedicarboxylic
anhydride (0.8238 mole) and 127 g. of 70/30 PGMEA/PGME were then mixed with the above
reaction mixture and the reaction was continued at 60°C for about one hour. After cooling down to
room temperature overnight, the product was stored in a brown bottle and sealed carefully. The
measured total Hf content was 45 wt. % in films after baking at 250°C for 60s.

Synthesis Example 2
[0169] 200 g. of Zr tetra n-butoxide (80% in n-butanol) (0.4170 mole) was dissolved in

246.5 g of 70/30 PGMEA/PGME and poured into the reaction vessel under Na. The temperature
was raised to 50°C at stirring while trimethylsilanol 77.5 g. (0.8592 mole) was added dropwise in

above solution with stirring under N». The reaction was kept at 60°C for 2 h. 103 g. of 1, 2-
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cyclohexanedicarboxylic anhydride (0. 66814 mole) and 103 g of 70/30 PGMEA/PGME were then
mixed with the above reaction mixture and the reaction was continued at 60°C for about one hour.
After cooling down to room temperature overnight, the product was stored in a brown bottle and
scaled carefully. FT-IR spectrum of the product solution was taken in cyclohexane. The resonance at
1559 cm™ and 1456 cm™ was assigned to COO stretching frequency of in Zr complex. The measured

total Zr content was 26.8wt. % in films after baking at 250°C for 60s.

Synthesis Example 3

[0170] 20 g. of Zr n-butoxide (80% in n-butanol) (0.0417 mole) was dissolved in 27.6 g. of
70/30 PGMEA/PGME and poured into the reaction vessel under N». The temperature was raised to
50°C with stirring while trimethylsilanol 7.6 g. (0.08426 mole) was added dropwise in above
solution with stirring under Na. The reaction was kept at 60°C for 2 h. 9.3 g of citraconic anhydride
and 9.3 g (0.08300 mole) of 70/30 PGMEA/PGME were then mixed with the above reaction mixture
and the reaction was continued at 60°C for about one hour. After cooling down to room temperature
overnight, the product was stored in a brown bottle and sealed carefully. FT-IR spectrum of the
product solution was taken in cyclohexane. The resonance at 1565 cm™ and 1454 cm™ was assigned
to COO stretching frequency of in Zr complex. The measured total Zr content was 25.4wt. % in

films after baking at 250°C for 60 s.

Synthesis Example 4

[0171] A solution was prepared consisting of 12.76 g. (0.075 mole) 2-phenylphenol, 15.62 g.
(0.075 mole) 9-Anthracene Methanol, 9.76 g. (0.075 mole) divinylbenzene dissolved in 25 g
cyclopepentyl methyl ether (CPME) and 90 g. diethylelene glycol dimethyl ether (DEGME) and the
mixture was stirred for 5 minutes in a 250 mL, 4 neck flask equipped with an overhead mechanical
stirrer, condenser, thermo watch, Dean Stark trap and an N, purge. After this time, 1.14 g. of triflic
acid (3% wt of monomers) was added to the stirred mixture and it was stirred for another 5 minutes.
The temperature of the stirred mixture was then raised to 140°C. and heated for 3 hours. After
cooling the reaction mixture and diluting it with 250 mL of cyclopentyl methyl ether (CPME), it was
transferred to a separatory funnel, and it was washed with two aliquots of deionised (DI) water
(2.times.200 mL). The polymer was precipitated by drowning into hexane. The polymer was filtered,
washed and dried. The polymer was dissolved in THF and isolated using hexane two additional

times to remove all monomer and oligomers. This process yielded 40% finished polymer from the
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starting materials. The weight average molecular weight of the polymer was 1,859 with a
polydispersity of 1.40.

Synthesis Example 5

[0172] 40 g. of Titanium(IV) butoxide polymer (Ti(IV)BTP polymer) (Sigma-Aldrich
Corporation, St Louis Missouri) (0.1174 mole), (was dissolved in 52 g of 70/30 PGMEA/PGME
solvent and poured into the reaction vessel under N,. This solution was stirred and its temperature
raised to 50°C while trimethylsilanol 12 g. (0.1330 mole) was added dropwise under N». The
reaction mixture was kept at 60°C for 2 hours, after which time 20 g. of 1,2-cyclohexanedicarboxylic
anhydride (0.1297 mole) and 20 g. of 70/30 PGMEA/PGME were mixed with the above reaction
mixture and the reaction was continued at 60°C for about one hour. After cooling down to room
temperature overnight, the product was stored in a brown bottle and sealed carefully. FT-IR
spectrum of the product solution was taken in cyclohexane. The resonance at 970 cm™ was assigned
to Ti-O-Si stretching frequency. The measured total metal oxide content was 28 wt. % in films after
baking at 150°C for 60s.

Synthesis Example 6

[0173] 40 g. of TI(IV)BTP polymer ( 0.1175 mole) was dissolved in 58 g. of 70/30
PGMEA/PGME solvent and poured into the reaction vessel under N». The temperature was raised to
50°C while stirring and trimethylsilanol 18 g. (0.1996 mole) was added dropwise under N,. The
reaction was kept at 60°C for 2 hours. Then 20 g. of 1, 2-cyclohexanedicarboxylic anhydride
(0.1297 mole) and 20 g. of 70/30 PGMEA/PGME solvent was mixed with the reaction mixture and
the reaction was continued at 60°C for about one hour. After cooling down to room temperature
overnight, the product was stored in a brown bottle and sealed carefully. The measured total metal
oxide content was 32 wt. % in films after baking at 150°C for 60s.

Synthesis Example 7

[0174] 7.99 g. [0.0235 mole] of Ti(IV)BTP polymer was dissolved in 14.36 g. of 70/30
PGMEA/PGME solvent and poured into the reaction vessel under N,. The temperature was raised to
50 °C while stirring and Then 7.0 g. [0.0455 mole] of 1, 2-cyclohexanedicarboxylic anhydride and
10.5 g. of 70/30 PGMEA/PGME solvent was added slowly under N,. The reaction was kept at 60°C
for 2 hours. Then 9.8 g. [0.0465 mole] of p-tolyltriemethoxy silane was added and the reaction was
continued at 60°C for about three hours. After cooling down to room temperature overnight, the

product was stored in a brown bottle and sealed carefully. FT-IR spectrum of the product solution
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was taken. The resonance at 1568.06 cm™ and 970 cm™ were assigned to Ti-O-C and Ti-O-Si
stretching frequency respectively.

Formulation and Coating Example 1

[0175] 25 % wt/wt solutions containing of 20.0 wt. % of metal compound from Synthesis
Example | and 5.0 % of triethanolamine are prepared in PGMEA/PGME 70:30 solvent. After
sufficient mixing, the solution was spin-coated on the silicon wafer and bake at 250°C for 60
seconds. The coated wafer shows good coating quality by XSEM picture.

Formulation and Coating Example 2
[0176] 25% wt/wt solutions containing of 20 wt. % of metal compound from Synthesis

Example 2 (or Synthesis Example 3) and 5 % of tricthanolamine are prepared in PGMEA/PGME
70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon wafer and bake at
250 C for 60 seconds. The coated wafer shows good coating quality by XSEM picture.

Formulation and Coating Example 3
[0177] 20 % wt/wt solutions containing of 14 wt. % of metal compound from Synthesis

Example 2 (or Synthesis Example 3) and 6 % of tricthanolamine are prepared in PGMEA/PGME
70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon wafer and bake at
250 C for 60 seconds. The coated wafer shows good coating quality by XSEM picture.

Formulation and Coating Example 4
[0178] 20 % wt/wt solutions containing of 13.3 wt. % of metal compound from Synthesis

Example 1, 3.3 % of triethanolamine and 3.3% of polymer from synthesis example 4 are prepared in
PGMEA/PGME 70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon
wafer and bake at 250 C for 60 seconds. The coated wafer shows good coating quality by XSEM
picture.

Formulation and Coating Example 5
[0179] 20 % wt/wt solutions containing of 13.3 wt. % of metal compound from Synthesis

Example 2, 3.3 % of triethanolamine and 3.3% of polymer from synthesis example 4 are prepared in
PGMEA/PGME 70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon
wafer and bake at 250 C for 60 seconds. The coated wafer shows good coating quality by XSEM
picture.

Formulation and Coating Example 6

[0180] 20 % wt/wt solutions containing of 11.4 wt. % of metal compound from Synthesis
Example 5, 2.9 wt. % of triethanolamine and 5.7 wt. % of polymer from synthesis example 4 are

prepared in cyclohexanone solvent. After sufficient mixing, the solution was spin-coated on the
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silicon wafer and bake at 250 C for 60 seconds. The coated wafer shows good coating quality by
XSEM picture.

Formulation and Coating Example 7

[0181] 20 % wt/wt solutions containing of 10 wt. % of metal compound from Synthesis
Example 6 and 10 wt. % of polymer from synthesis example 4 arc prepared in PGMEA/PGME
70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon wafer and bake at
250 C for 60 seconds. The coated wafer shows good coating quality by XSEM picture.
Determination of metal wt. % in films after baking example 1

[0182] Formulation examples 1 - 5 was coated and baked at appropriate temperature
normally at 250°C /60s -300°C /60 s. on a silicon wafer. Metal wt. % in the films were measured by
clemental analysis and TGA weight loss measurement. The results from two methods are consistent.
The measured total metal oxide content is ranging from 20 to 40 wt. % in films at 250°C /60 s. —
300°C /60s baking conditions. The film is mostly comprised of metal compounds with little silicon
content based on elemental analysis in all cases.

Via filling performance evaluation example 1
[0183] Formulation examples 1-5 was coated and baked at appropriate temperature normally

at 250°C /60 s. targeting a film thickness of 250 nm.. The coated wafers for example 4-5 were
subsequently baked at 400°C /120s on a silicon wafer from Albany. The Albany wafers have 650 nm
deep Vias with 130, 140, 160, 200 and 300 nm via sizes. Via holes were patterned at various pitches:
dense, semi-dense and isolated with hole to space ratios at 1:1, 1:1.4 and 1:6. Other via wafer used
has 700 nm deep Vias with ~ 140 nm via size. The coated wafers were examined under a scanning
clectron microscope. The good filling performances were observed without any voids under above
processing conditions.

Trench filling performance evaluation example 1
[0184] The solution of Formulation Example 1-5 with the adjusted solid content targeting

final film thickness of 250 nm at 250°C/60s baking temperature was spin-coated on a patterned
wafer with trench size of 100 nm (depth) x15 nm (width) and line/space (L/S) 1:1 at a spin speed of
1500rpm. The coated wafers for formulation examples 4-5 were subsequently baked at 400°C /120s.
The Cross-section scanning electron microscope (XSEM) data showed excellent film coating quality
and good filling performances.

Comparative via filling performance evaluation example 1
[0185] Formulation examples 1-5 was coated and baked at appropriate temperature normally

at 250°C /60 s. targeting a film thickness of 250 nm.. The coated wafers for example 1-3 were
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subsequently baked at 300°C/120s on a silicon wafer from Albany. The Albany wafers have 650 nm
deep Vias with 130, 140, 160, 200 and 300 nm via sizes. Via holes were patterned at various pitches:
dense, semi-dense and isolated with hole to space ratios at 1:1, 1:1.4 and 1:6. Other via wafer used
has 700 nm deep Vias with ~ 140 nm via size. The coated wafers were examined under a scanning
clectron microscope. Voids in the Vias were observed by cross-section imaging.

Comparative trench filling performance evaluation example 1
[0186] The solution of Formulation Example 1-5 with the adjusted solid content targeting

final film thickness of 250 nm at 250°C/60s baking temperature was spin-coated on a patterned
wafer with trench size of 100 nm (depth) x15 nm (width) and line/space (L/S) 1:1 at a spin speed of
1500rpm. The coated wafers for formulation examples 1-3 were subsequently baked at 300°C/120s.
The Cross-section scanning electron microscope (XSEM) data showed voids in the trench filling.

Formulation and Coating Example 6
[0187] 100% wt/wt solutions containing of 80.0 wt. % of metal compound from Synthesis

Example 7 and 20.0 % of tricthanolamine, and 20.0% of u-981 polymer are prepared in
PGMEA/PGME 70:30 solvent. After sufficient mixing, the solution was spin-coated on the silicon
wafer and bake at 250°C for 60 seconds. The coated wafer shows good coating quality by XSEM
picture.

Determination of metal wt. % in films after baking example 2

[0188] Formulation examples 1 7 was coated and baked at appropriate temperature normally
at 250°C/60s on a silicon wafer. Metal wt. % in the films were measured by clemental analysis and
TGA weight loss measurement. The results from two methods are consistent. The measured total
metal oxide content is 29.735 wt. % in films at 250°C/60s baking conditions.

Via filling performance evaluation example 2

[0189] Formulation examples 7 was coated and baked at appropriate temperature normally at
250°C/60s targeting a film thickness of 250 nm. The Albany wafers have 650 nm deep Vias with
130, 140, 160, 200 and 300 nm via sizes. Via holes were patterned at various pitches: dense, semi-
dense and isolated with hole to space ratios at 1:1, 1:1.4 and 1:6. Other via wafer used has 700 nm
deep Vias with ~ 140 nm via size. The coated wafers were examined under a scanning electron
microscope. The good filling performances were observed without any voids under above processing
conditions.

Via filling performance evaluation example 3
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[0190] Formulation examples 6 was coated and baked at appropriate temperature normally at
250°C /60s which was subsequently baked at 400°C /60s targeting a film thickness of 250 nm on a
silicon wafer. The Albany wafers have 600 nm deep vias with 70, 75, 80, 90 and 100 nm via sizes.
Via holes were patterned at various pitches: dense, semi-dense and isolated with hole to space ratios
at 1:1, 1:1.5 and 1:9. The coated wafers were examined under a scanning electron microscope. The
good filling performances were observed without any voids under above processing conditions.

Via filling performance evaluation example 4

[0191] Formulation examples 7 was coated and baked at appropriate temperature normally at
250°C /60s which was subsequently baked at 400°C /60s targeting a film thickness 0of 250 nm on a
silicon wafer. The Albany wafers have 600 nm deep vias with 70, 75, 80, 90 and 100 nm via sizes.
Via holes were patterned at various pitches: dense, semi-dense and isolated with hole to space ratios
at 1:1, 1:1.5 and 1:9. The coated wafers were examined under a scanning electron microscope. The

good filling performances were observed without any voids under above processing conditions.
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We claim:
1. A composition comprising:
a. a metal compound having the structure (I):
- RZ
o
R1 O { hﬂ Q } R4
n
D -
e R
: @
wherein,

M is a metal having a valence of four (4);

n is an integer from 1 to 20;

each of R1, Rz, R3, and R4 1s independently selected from the group consisting:

1) a first organic moiety having the structure (II):
7
RE RE - C - (II)
wherein,

Rs 1s selected from the group consisting of C2-Cio alkylenes, C3-Ci2 branched
alkylenes, Cs-Ci2 cycloalkylenes, C2-Cio alkylenes containing a C=C double bond,
C3-C12 branched alkylenes containing a C=C double bond, and Cs-Ci2 cycloalkylenes
containing a C=C double bond; and

Re 1s hydrogen or an alkyloxycarbonyl having the structure (III):

7
Rp—0—=¢C (I1D),
wherein, R7 1s a C1-Cg alkyl;
2) a silicon bearing organic moiety having at least 2 carbons and having

the structure (IV):
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[ a}

—m

—

: Iv)
wherein,
Rs and Ry are each independently selected from the group consisting of Ci-Csg alkyls,
C3-Ci2 branched alkyls, Ci-Cs alkyloxys, C3-Ci2 branched alkyloxys, and Cs-Cis
aryls;
Rio 1s selected from the group consisting of C1-Csg alkyls, Cs-Cis aryls, hydroxyl and

siloxanes having the structure (V):

Ryz

R1.3

wherein,
Ri1 is selected from the group consisting of hydrogen, Ci-Cg alkyls, Ci-Cs alkyls
substituted with a hydroxyl, a Cs-Ci¢ aryl, and a silyl moiety having structure (IVa):

Rila

Si—Rg.

Rea (IVa)
wherein, Rgaand Roa are each independently selected from the group consisting of Ci-
Cs alkyls, C3-C12 branched alkyls, Ci-Cs alkyloxys, C3-Ci2 branched alkyloxys, and
Cs-Cis aryls, and Rioa 1s selected from the group consisting of C1-Cs alkyls, and a Cs-
Cis aryls;
Ri2 and Rz are each independently selected from the group consisting of Ci-Cg
alkyls, C3-Ci2 branched alkyls, C;-Cs alkyloxys, C3-Ci2 branched alkyloxys, and Cs-
Cis aryls; and
p represents the number of repeat units in the siloxane moiety (V);
3) a second organic moiety selected from the group consisting of C»-Cs

alkyls, C2-Csg alkyl carboxyls, C¢-Cao aryl carboxyls, fluorenyl carboxyls, fluorinated
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C»-Cs alkyl carboxyls, C»-Cg alkyl sulfonyls, fluorinated Cz-Cs alkyl sufonyls, and
mixtures thereof; and

4) mixtures thereof;,

b. an optional component comprised of a polyol additive having the structure (VI):

wherein,

XisCorN;

ris at least 2;

q 1s from O to 2;

provided that the sum of q and r is 4 when X is C, and the sum of q and r 1s 3 when X
1s N;

Ris 1s selected from the group consisting of hydrogen, Ci;-Cg alkyls and C2-Cg
hydroxyalkyls;

when X 1s N, Y 1s a Ci-Cs alkylene, or, when X 1s C, Y is selected from the group
consisting of a direct valence bond, C;1-Cg alkylenes and moieties having the structure

(VID):

[ CHz+ [O Ris
S Y v

wherein,
Ris is a C2-Cgalkylene;
s1s 0to 2; and

tis 1to 2;

c. a high performance polymer additive comprising a unit having the structure (VIII):
TA-B=C (v

wherein,
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A comprises a fused aromatic ring;

B has the structure (IX):

(IX),
wherein, Ris and Ri7 are each independently hydrogen or a C1-C4 alkyl; and

C 1s a hydroxybiphenyl having the structure (X):

HO
ﬁ\ X
A
L 4 (X); and
d. a solvent.
2. The composition of claim 1, wherein, M is selected from the group consisting of Zr, Ta, Hf,
Ti, Sn, Si, Pb, Nb, Mo, Ge and W.
3. The composition of claim 1, wherein, component a, is a mixture of two or more different
metal compounds having structure (I).
4, The composition of claim 1, wherein, at least one metal compound in the mixture does not
have M equal to Si.
5. The composition of claim 1, wherein, at least one of Ri, Rz, R3 and R4 is selected from the

group consisting of a first organic moiety having the structure (II) and a silicon bearing organic

moiety having at least 2 carbons and having the structure (IV).

6. The composition of any one of claims 1 to 5, wherein, at least one of R, R2, Rz and R4 1s

selected from the group consisting of:
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The composition of any one of claims 1 to 5, wherein, each of R, R2, Rz and R4 1s

independently selected from the group consisting of a first organic moiety having the structure (II)

and a silicon bearing organic moiety having at least 2 carbons and having the structure (IV).

10.

The composition of any one of claims 1 to 5, wherein, n is 2-20.

The composition of any one of claims 1 to 5, wherein, nis 1.

The composition of claim 1, wherein, A has the structure (XI):

+o-cH XD)

wherein, D is a group comprising 2-8 fused aromatic rings.
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12.

13.

14.

15.

16.

17.

methyl.
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The composition of claim 10, wherein, D is anthracene.
The composition of claim 1, wherein, A is anthracene.

The composition of claim 1, wherein, A has the structure:

7N

4

—+ \\}}—(:Hg——
h

A ‘.\'.'

-’{:}

The composition of claim 1, wherein, B has the structure:

\

The composition of claim 1, wherein, C has the structure:

L

B
)

A_OH
o

The composition of claim 14, wherein, each of Ris and Ri7 is independently hydrogen or
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18. A method of manufacturing an electronic device comprising;:
a) applying a composition of claim 1, onto a substrate to form a coating film; and
b) heating the coating film at a temperature between 150°C and 400°C and for a time

from 30 to 240 seconds, thereby forming a cured coating film.

19. The method according to claim 18, wherein, the substrate comprises a topography

comprising topographical features, and further comprising one or more of the steps of:

c) removing the portion of said cured coating film overlaying a top of the topography
using a chemical stripper or a fluorinated plasma etch, thereby producing filled topographical
features wherein the cured coating film is flush with a top of said topographical features;

d) removing said patterned organic high carbon coating or said patterned photoresist
with an oxygen plasma, thereby forming a negative tone image of said patterned photoresist or said
patterned organic high carbon coating, wherein, the remaining said filled topographic features, after
removal of said patterned photoresist or said patterned organic high carbon coating, forms a pattern

comprised of metal oxide; and

e) using said pattern comprised of metal oxide as a patterned hard mask plasma etch

barrier and etching into the semiconductor substrate with a fluorinated plasma.

20. The process according to claim 19, wherein, said topographical features have an aspect ratio
of 1:1 to 10:1.
21. The process according to claim 20, wherein, said topographical features have an aspect ratio

of 1 to 10 and are selected from ones that range in critical dimension (CD) from 10 nm to 100 nm.

22. A process of coating a hard mask composition on a silicon substrate comprising:
a3)  applying a composition of claim 1 onto said silicon to form a coating film,
b3)  baking the coating film to form a hard mask film,
c3)  coating a bottom antireflective coating on top of said hard mask film,

d3)  coating a photoresist on top of said antireflective coating,
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e3)  patterning the photoresist to form a photoresist pattern,

3) etching through said bottom antireflective coating not protected by said photoresist

pattern down to the hard mask coating with a fluorinated plasma,

g3)  etching through said hard mask film not protected by the bottom antireflective coating
and said photoresist pattern down to the silicon substrate with a chlorine plasma producing a

patterned hard mask film, and

h3)  etching with a fluorinated plasma into the silicon substrate in those area not protected

by said patterned hard mask film producing topographical features into the silicon features.





