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CYCLIC CARBOSILANE DIELECTRIC FILMS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The embodiments of the invention relate generally to semiconductor processing
and manufacture, integrated circuits, dielectric materials, interlayer dielectric materials,
spin-on dielectric materials, and materials comprising cyclic carbosilanes.

BACKGROUND INFORMATION

The desire for ever-smaller integrated circuits (IC) devices places enormous
performance demands on the techniques and materials used to construct IC devices. In
general, an integrated circuit chip is also known as a microchip, a silicon chip, or a chip.
IC chips are found in a variety of common devices, such as the microprocessors in
computers, cars, televisions, CD players, and cellular phones. A plurality of IC chips are
typically built on a silicon wafer (a thin silicon disk, having a diameter, for example, of
300 mm) and after processing the wafer is diced apart to create individual chips. A 1 cm®
IC chip having feature sizes around of about 90 nm can comprise hundreds of millions of
components. Current technologies are pushing feature sizes even smaller than 45 nm.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 shows cyclic carbosilane precursors useful for making dielectric films
and low-k dielectric films.

FIGURE 2 illustrates a method for the synthesis of cyclic carbosilane precursors
useful for making dielectric films and low-k dielectric films.

FIGURE 3 shows an additional cyclic carbosilane precursor useful for making
dielectric films and low-k dielectric films.

FIGURE 4 illustrates a method for the synthesis of additional cyclic carbosilane
precursors useful for making dielectric films and low-k dielectric films.

FIGURES 5A-C illustrate cyclic carbosilane precursor molecules useful for
making dielectric films and low-k dielectric films.

FIGURES 6A-C show additional cyclic carbosilane precursor molecules useful for
making dielectric films and low-k dielectric films.

FIGURE 7 provides a cyclic carbosilane-attached porogen molecule.

FIGURE 8 shows the acid or base catalyzed polymerization of cyclic carbosilane

molecules.
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FIGURE 9 illustrates a synthesis scheme for making dielectric films and low-k
dielectric films.

FIGURE 10 describes a method for making a dielectric films and low-k dielectric
films.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention provide dielectric films for integrated circuits.
Cyclic carbosilane precursors are capable of providing films with small dielectric
constants and the cyclic carbosilane precursors are useful in semiconductor processing
applications. Dielectric films according to embodiments of the invention are useful in a
variety of applications for integrated circuit devices. For example, the films described
herein are useful as dielectric films, and low-k dielectric films, spin-on dielectric films,
interlayer dielectric films (ILDs, intermetal dielectric films, or IMDs), and etch-selective
layers.

Figure 1 illustrates linear oligomers of cyclic carbosilane molecules that are useful
as precursors for making dielectric films and low-k dielectric films. In Figure 1, R is a
functional group, such as, for example, an alkyl group comprising hydrogen atoms and
from 1 to 10 carbon atoms or from 1 to a large number of carbon atoms. In addition, R
also optionally comprises, oxygen atoms, nitrogen atoms, sulfur atoms, chlorine atoms,
and or fluorine atoms. The functional group R is a group such as, for example, -CHs,
-CH,CHs;, -CH,CH,CH3, -CH,CH,CH,CH3, -CH,CH,CH,CH,CH3, -CH,CH(CH3),,
-CH,CH,CH(CH3;),, -CH,CH,CH(CH,CHj3),, -CH,OCHj;, -CH,CH,0OCHj3;, and others. In
embodiments of the invention, the R group is less than 50 % larger than the size of the
porogen molecule chosen. In Figure 1, m is a number from 1 to 10. In embodiments of
the invention m is a number from 3 to 10. Other values for m are also possible, such as
larger numbers. Further, one or two of the carbon atoms (i.e., -CH,- groups) in the cyclic
carbosilane molecules is optionally replaced with an oxygen atom. The carbosilane
oligomer composition that is used to create a dielectric film is typically a mixture of
different oligomers having different lengths (different numbers of cyclic carbosilane
units), so that m represents an average oligomer length for the molecules present in the
mixture.

Figure 2 provides a synthesis scheme for oligomers of cyclic carbosilane molecules
that are useful as precursors for making dielectric films and low-k dielectric films. The
cyclic carbosilane monomer is functionalized with crosslinking groups and then
crosslinked with carbosilane monomers. Although, in Figure 2, ethyl (-Et) functional
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groups are shown, other alkyl groups are also possible, such as, for example, an alkyl
group comprising hydrogen atoms and from 1 to 10 carbon atoms or from 1 to a large
number of carbon atoms. In addition, R also optionally comprises, oxygen atoms, nitrogen
atoms, sulfur atoms, chlorine atoms, and or fluorine atoms. The functional group R is a
group such as, for example, -CH3, -CH,CH3, -CH,CH,CH3, -CH,CH,CH,CH3,
-CH,CH,CH,CH,CH3, -CH,CH(CHy3),, -CH,CH,CH(CH3),, -CH,CH,CH(CH,CH3),,
-CH,OCHz3, -CH,CH,0OCH3, and others. In embodiments of the invention, the R group is
less than 50 % larger than the size of the porogen molecule chosen. Further, one or two of
the carbon atoms of the cyclic carbosilanes is optionally replaced with an oxygen atom. In
Figure 2, scheme (1), molecule I (in this case, 1,3,5-triethoxy-1,3,5-trimethyl-
1,3,5-trisilacyclohexane) is reacted with #-butyl lithium and then subsequently Me,SiHCI
to form molecule II, in which one of the cyclic carbosilane ring carbons has been
silanated. Molecule II is then reacted with molecule I in the presence of B(CgFs)s to yield
a mixture of oligomers in which m is a function of the number of equivalents of molecule
IT used, such that m =n - 1. The cyclic carbosilane oligomer composition produced by the
method of Figure 2 is often a mixture of different oligomers having different lengths, so
that m represents an average oligomer length for the molecules present in the mixture.

Figure 3 provides an additional oligomeric cyclic carbosilane precursor useful for
making dielectric and low-k dielectric films. The molecule of Figure 3 is a branched
oligomer. In Figure 3, R is a functional group, such as, for example, an alkyl group
comprising hydrogen atoms and from 1 to 10 carbon atoms or from 1 to a large number of
carbon atoms. In addition, R also optionally comprises, oxygen atoms, nitrogen atoms,
sulfur atoms, chlorine atoms, and fluorine atoms. The functional group R is a group such
as, for example, -CH3, -CH,CH3;, -CH,CH,CH3, -CH,CH,CH,CH3, -CH,CH,CH,CH,CH3,
-CH,CH(CH3),, -CH,CH,CH(CH3),, -CH,CH,CH(CH,CH3),, -CH,OCH3,
-CH,CH,OCH3, and others. In embodiments of the invention, the R group is less than
50 % larger than the size of the porogen molecule chosen. Further, one or two of the
carbon atoms of the cyclic carbosilanes is optionally replaced with an oxygen atom. In
additional embodiments, there are, for example, 1, 2, or 3 modified cyclic carbosilane
groups around the central cyclic carbosilane group. Different oligomers comprising
different numbers of cyclic carbosilane groups are possible.

Figure 4 illustrates methods for synthesizing a branched oligomeric cyclic
carbosilane precursor. Although, in Figure 4, ethyl (-Et) functional groups are shown,

other alkyl groups are also possible, such as, for example, an alkyl group comprising
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hydrogen atoms, and from 1 to 10 carbon atoms or from 1 to a large number of carbon
atoms. In addition, R also optionally comprises, oxygen atoms, nitrogen atoms, sulfur
atoms, chlorine atoms, and or fluorine atoms. The functional group R is a group such as,
for example, -CH3, -CH,CH3;, -CH,CH,CH3;, -CH,CH,CH,CHj3;, -CH,CH,CH,CH,CH3,
-CH,CH(CH3),, -CH,CH,CH(CH3),, -CH,CH,CH(CH,CH3),, -CH,OCH3,
-CH,CH,OCH3, and others. In embodiments of the invention, the R group is less than
50 % larger than the size of the porogen molecule chosen. Further, one or two of the
carbon atoms of the cyclic carbosilanes is optionally replaced with an oxygen atom. In
Figure 4, two different methods of dendrimeric cyclic carbosilane precursor synthesis are
shown. In Figure 4, molecule la is reacted with #-butyl lithium to form molecule Ia.
Molecule Ib is reacted with three equivalents of Ila to condense the molecules into
molecule III. Alternately, in Figure 4, molecule Ib is reacted with three equivalents of
molecule IIb in the presence of SiMe,HCI and B(CgF5s); in toluene to make molecule III.
Figures SA-C provide additional useful dielectric film precursor molecules that
have attached porogens (pore-creating functional groups). In Figure 5A, a cyclic
carbosilane ring comprises a porogen functional group, X, linked to a silicon of the
carbosilane ring through a linker group, L. In Figure 5B the cyclic carbosilane ring
comprises two porogen functional groups, X, linked to silicon atoms of the carbosilane
ring through a linker group, L. In Figure 5C the cyclic carbosilane ring comprises three
porogen functional groups, X, linked to silicon atoms of the carbosilane ring through a
linker group, L. In alternate embodiments, one or two of the carbon atoms (i.e., -CH,-
groups) of the cyclic carbosilane ring is replaced with an oxygen atom. In an embodiment
of the invention, porogen functional groups have dimensions (widths, lengths, and heights
or radii) that are from 0.25 nm to 2 nm. In alternate embodiments, the porogen functional
groups have dimensions that are from 0.25 nm to 0.5 nm or from 0.5 nm to 5 nm. Pore
sizes in the resulting films have dimensions (widths, lengths, and heights or radii,
depending on the shape of the pore) that are from 0.25 nm to 2 nm (or from 0.25 nm to
0.5 nm or from 0.5 nm to 5 nm), depending on the porogen group chosen. Further,
porogen groups decompose (upon heating, UV curing, or electron beam curing, for
example) with approximately 100 % volatile yield (approximately indicating 80 % =+
20 %). Porogen functional groups are, for example, cyclodextrins, polyethylene oxides,
polystyrenes, polyacrylates, or poly-alpha-methylstyrenes. Linker groups are carbon-
containing groups containing hydrogen and carbon atoms. Linker groups also optionally
contain oxygen atoms. Linkers include groups, such as for example, -CH;-, -OCH,-,
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-CH,0O-, -CH;CH,;-, -CH,0OCH,;-, -CH,(CH3)CH;-. The functional group labeled R in
Figures 5A-C is an alkyl group comprising hydrogen atoms and from 1 to 10 carbon atoms
or from 1 to a large number of carbon atoms. In addition, R also optionally comprises,
oxygen atoms, nitrogen atoms, sulfur atoms, chlorine atoms, and or fluorine atoms. The
functional group R is a group such as, for example, -CH3, -CH,CH3, -CH,CH,CH3,
-CH,CH,CH,CH3, -CH,CH,CH,CH,CH3, -CH,CH(CH3),, -CH,CH,CH(CHas),,
-CH,CH,CH(CH,CHs;),, -CH,OCH3;, -CH,CH,;OCHj3, and others. In embodiments of the
invention, the R group is less than 50 % larger than the size of the porogen molecule
chosen.

Figures 6A-C provide further additional useful dielectric film precursor molecules
that have attached porogens (pore-creating functional groups). In Figure 6A, a cyclic
carbosilane ring comprises a porogen functional group, X, linked to a carbon of the
carbosilane ring through a linker group, L. In alternate embodiments of the invention, one
or two of the carbon atoms (-CH,- groups) of the cyclic carbosilane ring is replaced with
an oxygen atom. In Figure 6B the cyclic carbosilane ring comprises two porogen
functional groups, X, linked to carbon atoms of the carbosilane ring through a linker
group, L. In alternate embodiments of the invention, one of the carbon atoms (-CH;-
groups) of the cyclic carbosilane ring is replaced with an oxygen atom. In Figure 6C the
cyclic carbosilane ring comprises three porogen functional groups, X, linked to carbon
atoms of the carbosilane ring through a linker group, L. In an embodiment of the
invention, porogen functional groups have dimensions (widths, lengths, and heights or
radii) that are from 0.25 nm to 2 nm. In alternate embodiments, the porogen functional
groups have dimensions that are from 0.25 nm to 0.5 nm or from 0.5 nm to 5 nm. Pore
sizes in the resulting films have dimensions (widths, lengths, and heights or radii,
depending on the shape of the pore) that are from 0.25 nm to 2 nm (or from 0.25 nm to
0.5 nm or from 0.5 nm to 5 nm), depending on the porogen group chosen. Further,
porogen groups decompose (upon heating, UV curing, or electron beam curing, for
example) with approximately 100 % volatile yield (approximately indicating 80 % =+
20 %). Porogen functional groups are, for example, cyclodextrins, polyethylene oxides,
polystyrenes, polyacrylates, or poly-alpha-methylstyrenes. Linker groups are carbon-
containing groups containing hydrogen and carbon atoms. Linker groups also optionally
contain oxygen atoms. Linkers include groups, such as for example, -CH;-, -OCH,-,
-CH,0-, -CH,CH,-, -CH,0CH,-, -CH,(CH3;)CH,-. The functional group labeled R in
Figures 5A-C is an alkyl group comprising hydrogen atoms and from 1 to 10 carbon atoms
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or from 1 to a large number of carbon atoms. In addition, R also optionally comprises,
oxygen atoms, nitrogen atoms, sulfur atoms, chlorine atoms, and or fluorine atoms. The
functional group R is a group such as, for example, -CH3, -CH,CH3, -CH,CH,CH3,
-CH,CH,CH,CH3, -CH,CH,CH,CH,CH3;, -CH,CH(CH3),, -CH,CH,CH(CH3),,
-CH,CH,CH(CH,CHs;),, -CH,OCH3;, -CH,CH,;OCHj3, and others. In embodiments of the
invention, the R group is less than 50 % larger than the size of the porogen molecule
chosen.

Figure 7 provides a porogen molecule linked to a plurality of carbosilane rings. In
Figure 7, the porogen molecule is an alpha cyclodextrin molecule comprises six attached
cyclic carbosilanes. Each cyclic carbosilane is attached to one porogen molecule in this
embodiment. The carbosilane-linked porogen molecule of Figure 7 can be made, for
example, by reacting the cyclodextrin with about 6 equivalents of molecule II of Figure 2
in the presence of B(CgFs)s; in toluene.

Figure 8 illustrates generally the acid or base catalyzed crosslinking of an
exemplary cyclic carbosilane molecule. Through acid or base catalyzed reactions similar
to the one illustrated in Figure 8, liquid-phase carbosilane film precursors of Figures 1-7
become solidified films. In Figure 8, R is an alkyl functional group such as one described
with respect to any one of Figures 1-6.

Figure 9 shows the formation of a dielectric film on a substrate. In Figure 9, a
cyclic carbosilane precursor that is an oligomer of cyclic carbosilane units (molecule IIT in
Figure 9), is mixed with a photo acid generator (PAG), a photo base generator (PGB), a
thermally-activated acid generator (TAG) or a thermally-activated base generator (TBG),
spun onto a substrate surface, such as a semiconductor wafer surface, and exposed to
either heat or light to activate the acid- or base-producing compound. A photo acid
generator or photo base generator is exposed to light to produce an acid or a base
(respectively) and a thermally-activated acid or a thermally-activated base is exposed to
heat to produce an acid or a base (respectively). Once the acid or base species is
produced, crosslinking of the carbosilane precursors occurs and the film solidifies. In this
manner a dielectric and or a low-k dielectric film is produced. Cyclic carbosilane
precursors according to Figures 1, 3, SA-C, 6A-C, and 7 and mixtures thercof are useful
for forming dielectric films in the method described in Figure 9. Mixtures of
porogen-comprising precursors and non-porogen containing precursors are used to

generate films having desired porosities.
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In general, exemplary photo acid generators are diaryliodonium and
triarylsulfonium salts possessing weakly coordinating counter anions such as
trifluoromethanesulfonate, nonaflurorbutanesulfonate, hexafluorophosphate,
tetrafluoroborate, para-toluenesulfonate, and others. Examples of neutral photoacid
generators include those in the arylsulfonate family such as
phenyltrifluoromethanesulfonate and those in the N-sulfonated amine and imides family
such as N-trifluoromethanesulfonatomaleimide. Other classes of compounds common in
the photolithographic and photopolymerization fields are also useful in embodiments of
the invention. Examples of photobase generators include amines protected with
photodecomposable nitrobenzylcarbamate or other carbamate groups. Other classes of
compounds common in the photolithographic and photopolymerization fields and used as
PAGs and PBGs are also useful in embodiments of the invention. Through the
introduction of less stable substituents, the above described photoacid and photobase
generators can be tuned to also behave as thermal acid and thermal base generators,
respectively. For example, sulfonium salts possessing two aryl substituents and one alkyl
substituent can behave as thermal acid generators. Additionally, due to the thermal
instability of carbamate towards the release of CO,, common photobase generators can
also serve as thermal base generators in films. Typical temperatures for carbamate-
containing TAGs are temperatures between 200 and 400 °C. Although, other photo and
thermally-activated acid and photo and thermally-activated base generators are possible.

Figure 10 describes a method for the formation of a spin-on-diclectric film. In
Figure 10, a mixture of a polymerization initiator and oligomerized carbosilane precursors
is deposited onto a substrate surface. In an alternate embodiment the mixture of the
polymerization initiator and the oligomerized carbosilane precursors additionally
comprises porogen-linked cyclic carbosilanes. In further embodiments the mixture
comprises a polymerization initiator and porogen-linked cyclic carbosilanes. In
embodiments of the invention, oligomers comprise between 3 and 10 cyclic carbosilane
units The polymerization initiator is a photo acid generator, a photo base generator, a
thermally-activated acid, or a thermally-activated base. The substrate is spun distributing
the film precursor mixture across the substrate surface. The polymerization initiator is
then activated through exposing the substrate surface to light for photo-activated initiators
or heating the substrate surface for heat-activated initiators. Polymerization of the cyclic

carbosilanes creates a solidified film.
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Depending on the composition of the film precursors used, the resulting film has a
porosity that is between 5 % and 60 %. In additional embodiments the resulting film has a
porosity that is between 25 % and 60 %, between 35 % and 50 %, or between 35 % and
45 %. In general, porosity is a measure of the space taken up by empty space (pores) in
the material, and is described as a fraction of the volume of the empty space over the total
volume of the material. The pores in the resulting films have dimensions that are that are
from 0.25 nm to 2 nm. In alternate embodiments, the pores have dimensions that are from
0.25 nm to 0.5 nm or from 0.5 nm to 5 nm

Additionally, the resulting films are hydrophobic. As used herein, hydrophobic
means that the films do not absorb or adsorb significant amounts of water from the
atmosphere. In embodiments of the invention, less than 5 % water uptake (as a volume of
water taken up by the film to total volume of the film) is observed for the hydrophobic
carbosilane films as measured by ellipsometric porosimetry in a saturated H,O atmosphere
at room temperature (20 to 23.5 °C). In additional embodiments, less than 3 % water
uptake or less than 1 % water uptake is observed for the hydrophobic carbosilane films as
measured by ellipsometric porosimetry.

The dielectric constant (k) values for the carbosilane films range from 1.6 to 3.5.
In additional embodiments, the dielectric constant (k) values for the carbosilane films are
from 1.6 to 3.0, or from 1.6 to 2.5. Dielectric constant values are measured using a CV
dot technique in which the film is deposited on a highly doped Si substrate and metallic
dots are deposited on top of the film. The dielectric constant across the film is then
measured.

Additionally, films according to embodiments of the invention have percent
compositions in the range of 45-60 % C, 25-35 %Si, and 10-20 % O (atomic percent).

Films according to embodiments of the invention are chemically stable. In
general, chemical stability means that the film is significantly resistant to chemical
degradation. For example, chemically stable films according to embodiments of the
invention are resistant to degradation when a sample of the film is placed in a solution of
0.5 % HF (at 23 °C), 1.0 % KOH (at 50 °C), 15 % TMAH (tetramethylammonium
hydroxide) (at 60 °C), or 30 % H,0, (at 50 °C) for 10 minutes. Resistant to degradation
means that 10 nm or less of film loss and 5 % or less change in refractive index is
observed.

In general, a porogen molecule or functional group is a molecule or functional

group that is present in the precursor film that is capable of creating pores in the final film.
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Typically the porogen molecule is removed from the final film through heating, although
other methods are possible. Other methods for porogen removal, include, for example,
UV-curing or electron beam curing. After removal, the space occupied by the porogen
molecule becomes a pore.

The substrate on which the devices that make up the IC circuit chip are built and
dielectric films are used is, for example, a silicon wafer or a silicon-on-insulator substrate.
Silicon wafers are substrates that are typically used in the semiconductor processing
industry, although embodiments of the invention are not dependent on the type of
substrate used. The substrate could also be comprised of, for example, germanium,
indium antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide,
gallium antimonide, and or other Group III-V materials either alone or in combination
with silicon or silicon dioxide or other insulating materials. IC devices that make up the
chip are built on the substrate surface. Devices are optionally distributed across the
substrate surface and or stacked on top of each other.

In general, a spin-on-dielectric film (SOD) is a dielectric film created by spinning a
solution to distribute it across a surface and then solidifying the solution on the surface. A
liquid form of the film is placed in the center of the substrate (such as a wafer). The
substrate is spun causing the liquid film material to distribute across the wafer surface.
The thickness of the resulting film depends in part on the viscosity of the liquid film.
Excess liquid film material is spun off the substrate.

In general a low-k dielectric material is a dielectric material that has a lower
dielectric constant that silicon dioxide (SiO;). Silicon dioxide has a diclectric constant of
3.9. The use of low-k dielectric materials in integrated circuit devices has enabled
continued device size reduction. Although a variety of materials have lower dielectric
constants that SiO; not all materials are suitable for integration into integrated circuits and
integrated circuit manufacturing processes.

An inter-layer dielectric (ILD) or inter-metal dielectric (IMD) film is the insulating
material used between metal conductors and devices (such as transistors) in integrated
circuit devices.

Persons skilled in the relevant art appreciate that modifications and variations are
possible throughout the disclosure and combinations and substitutions for various
components shown and described. Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular feature, structure, material, or

characteristic described in connection with the embodiment is included in at least one
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embodiment of the invention, but does not necessarily denote that they are present in every
embodiment. Furthermore, the particular features, structures, materials, or characteristics

may be combined in any suitable manner in one or more embodiments. Various additional
layers and or structures may be included and or described features may be omitted in other

embodiments.
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CLAIMS
We claim:
1. A device comprising,
a substrate,
a dielectric film disposed on the substrate, wherein the dielectric film is
comprised of crosslinked cyclic carbosilanes wherein a cyclic carbosilane has a

ring structure comprising carbon and silicon, and wherein the dielectric film is

hydrophobic.
2. The device of claim 1 wherein the dielectric film has a k value of from 1.6 to 2.5.
3. The device of claim 1 wherein the dielectric film comprises between 45 and 60

atomic percent C, between 25 and 35 atomic percent Si, and between 10 and 20 atomic
percent O.
4. The device of claim 1 wherein the substrate additionally comprises the components
of an integrated circuit device and the dielectric film is between at least two components
of the integrated circuit device.
5. The device of claim 1 wherein the dielectric film additionally comprises a reacted
photo acid generator, a reacted photo base generator, a reacted thermally-activated acid
generator, or a reacted thermally-activated base generator.
6. The device of claim 1 wherein the dielectric film is porous and the porosity of the
film is in the range of 5 % and 60 %.
7. The device of claim 1 wherein the dielectric film is porous and the porosity of the
film is in the range of 35 % and 50 %.
8. The device of claims 6 or 7 wherein the pores of the dielectric film have
dimensions that are between 0.25 nm and 2 nm.
9. The device of claims 6 or 7 wherein the film is chemically stable.
10. A device comprising,
a substrate,
a dielectric film disposed on the substrate, wherein the dielectric film is
comprised of crosslinked cyclic carbosilanes wherein a cyclic carbosilane has a
ring structure comprising carbon and silicon, and wherein the dielectric film is
porous and the porosity is in the range of 25 % to 60 %.
11.  The device of claim 10 wherein the pores of the dielectric film have dimensions
that are between 0.25 nm and 2 nm.

12.  The device of claim 10 wherein the dielectric film has a k value of from 1.6 to 2.5.
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13.  The device of claim 10 wherein the dielectric film is porous and the porosity of the
film is in the range of 35 % and 50 %.
14.  The device of claim 10 wherein the dielectric film comprises between 45 and 60
atomic percent C, between 25 and 35 atomic percent Si, and between 10 and 20 atomic
percent O.
15.  The device of claim 10 wherein the substrate additionally comprises the
components of an integrated circuit device and the dielectric film is between at least two
components of the integrated circuit device.
16.  The device of claim 10 wherein the film is chemically stable.
17. A method for making a dielectric film comprising,
providing a substrate having a surface,
depositing a mixture comprising oligomers of cyclic carbosilanes, wherein
a cyclic carbosilane has a ring structure comprising carbon and silicon, and a
polymerization initiator wherein the polymerization initiator is selected from the
group consisting of photo acid generators, photo base generators,
thermally-activated acid generators, and thermally-activated base generators, onto
the substrate surface, and
exposing the substrate to light or heat causing the photo acid generator,
photo base generator, thermally-activated acid generator, or thermally-activated
base generator to be activated producing and acid or a base and causing the
mixture to solidify.
18.  The method of claim 17 wherein the oligomers comprise between 3 and 10 cyclic
carbosilane units.
19.  The method of claim 17 wherein the oligomers of cyclic carbosilanes are linear
oligomers.
20.  The method of claim 17 wherein the oligomers of cyclic carbosilanes are branched
oligomers.
21.  The method of claim 17 wherein the mixture also comprises a porogen molecule
that has attached carbosilanes.
22.  The method of claim 17 wherein the method also includes spinning the substrate to
distribute the mixture across the substrate surface before exposing the substrate to light or

heat.

-12-
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