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FOR MAKING SAME RELATED APPLICATION DATA This application claims priority
to previously filed U.S. Provisional Application No. 60I088,233, filed on
June 5, 1998, entitled "In organic and Organic Insulating Foams", and U.S.
Provisional Application No. 60I101,672, filed on September 24, 1998,
entit'.ed "Improved Inorganic and Organic Insulating Foams", both of which
are hereby incorporated herein by reference in their entireties. FIELD OF
THE INVENTION The invention herein described relates generally to a method
for forming 



a porous insulating article (or composition or compound), and more
specifically to the compounds used in the process to make the same.
BACKGROUND OF THE INVENTION As a consequence of the progress made in
integrated circuit technology, the spacing between the metal lines on any
given plane of an integrated circuit has become less and less, now
extending into the submicrometer range. By reducing the spacing between
conductive members in the integrated circuit, an increase in capacitive
coupling occurs. This increase in capacitive coupling causes greater
crosstalk, higher capacitive losses and increased resistor capacitor (RC)
time constant. Inorganic materials such as silicon dioxide and silicon
nitride have been traditionally used in the microelectronics industry as
insulating and passivating materials in the manufacture of integrated
circuits. However, as the demand for smaller, faster, and more powerful
devices becomes prevalent new materials will be needed to enhance the
performance and the efficient manufacture of these devices. 



2 7 lVOV 200 To meet these enhanced performance and manufacturing criteria,
considerable interest in high performance polymers characterized by low
dielectric constant, low moisture uptake, good substrate adhesion, chemical
resistance, high glass transition temperatures (e.g., T9 > 250C))
toughness, high thermal and thermal-oxidative stabilities, as well as good
optical properties are increasingly gaining momentum. Such polymers are
useful as dielectric coatings and films in the construction and manufacture
of multichip modules (MCMs) and in integrated circuits (IC), in electronic
packaging, in flexible film substrates, and in optical applications such as
in flat panel displays and the like. In order to reduce capacitive
coupling, much effort has been directed 



toward developing low dielectric constant (low-K) materials to replace
conventional dielectric materials that are interposed between the metal
lines on a given layer and between layers. Many conventional electronic
insulators have dielectric constants (s) in the 3.5 to 4.2 range. For
example, silicon dioxide has a dielectric constant of 4.2 and polyimides
typically have dielectric constants from 2.9 to 3.5. Alternatively, the
silicon dioxide can be decreased by adding fluorine in place of oxygen to
yield a substance with a dielectric constant of approximately 3.5. Some
advanced polymers have dielectric constants in the 2.5 to 3.0 range.
Materials in the 1.8 to 2.5 range are also known, but such materials have
had associated therewith severe processing, cost and materials problems.
The lowest possible, or ideal, dielectric constant is 1.0) which is the
dielectric constant of a vacuum. Air is almost as good with a dielectric
constant of 1.001. With this recognition of the low dielectric constant of
air, attempts have been made to fabricate semiconductor devices using
porous materials as an insulator. Thus, by incorporating air, the
dielectric constant of a substance can be lowered. For example, porosity
can be added to silicon dioxide to decrease its effective dielectric
constant. Thus, if 50 percent of the volume of a dielectric is air, the
effective dielectric constant of the porous silicon dioxide can be -2 



2 7 lJOV 2002 calculated by multiplying the percentage of the total volume
of the porous dielectric that is air (i.e., 50 percent) times the
dielectric of air (1.001 or for ease of calculation 1 ) and add to it the
percentage of the total volume of the porous dielectric that is, for
example, silicon dioxide (E=4). Thus, for s 50I50 mix of silicon dioxide
and air the dielectric constant of the porous material is as follows: a =
0.5*4 + 0.5*1 = 2.5. Porous materials, such as the one described above, can
be made up with as high as 90 percent air. However, such porous materials
suffer from a number of drawbacks, such as, for example, a lack of
mechanical and reliability attributes. Another solution to lowering the
dielectric constant of silicon dioxide is to use a spin-on-glass (SOG),
which is generally a siloxane based material of low molecular weight, to
lower the effective dielectric constant of silicon dioxide. The SOG is heat
treated after deposition thereby completing a network of chemical bonds.
This creates a "cage structure" of SOG and makes the density of the SOG
less than that of silicon dioxide. As a result the dielectric constant of
the SOG is lower than that of just silicon dioxide. However, such a
reduction in the dielectric constant of a substance can be insufficient for
some newer electrical applications, for example, high speed integrated
circuits. SUMMARY OF THE INVENTION 



The present invention provides a method of forming a porous insulating
composition comprising the steps of (A) providing at least one organic
sacrificial material/dielectric material composition comprising at least
one organic sacrificial material and at least one dielectric material; and
(B) removing the at least one organic sacrificial material in the at least
one organic sacrificial material/dielectric material composition) in order
to generate pores in the at least one dielectric material. Additionally,
step (B) can comprise heating the at least one organic sacrificial material
to a temperature equal to or greater than the decomposition temperature of
the at least one organic sacrificial material. -3   2 ~ NOv 2~2 In another
embodiment, the present invention provides a method of 



forming a porous insulating composition comprising the steps of: (A)
providing a sacrificial material/dielectric material composition comprising
at least one sacrificial material and at least one dielectric material; (B)
curing the sacrificial material/dielectric material composition; and (C)
thermally decomposing the at least one sacrificial material in the
sacrificial material/dielectric material composition, in order to generate
pores in the at least one dielectric material. According to another aspect
of the invention, a composition useful in making a porous insulator,
comprising a heat-activated, pore-forming, sacrificial material; and a
dielectric material is disclosed. According to still another aspect of the
invention, a composition useful in making a porous insulator, comprising at
least one pore-forming ) organic 



sacrificial material; and at least one dielectric material, wherein the at
least one pore-forming, material is a norbornene-type polymer is disclosed.
Preferably, the organic sacrificial material or sacrificial material is a
norbornene-type polymer. Also, the norbornene-type polymer preferably is of
the type herein described, which comprises repeating units of the general
formula: I I m 



R ~ RZ Rs Ra wherein R' and R4 independently represent hydrogen or linear
or branched (C, to C20) alkyl; R2 and R3 independently represent hydrogen,
linear or branched (C, to C20) alkyl or the groups:    



2 7 rlov 200 R9 -(CH)"-SiR~~R~ ~R~z Ia R9 independently is hydrogen,
methyl) or ethyl; R', R", and R'2 independently represent linear or
branched (C, to CZ) alkyl, linear or branched (C, to C2O) alkoxy) linear or
branched (C, to CZ) alkyl carbonyloxy, and substituted or unsubstituted (C6
to C2 ) aryloxy; m is a number from 0 to 4; and n is a number from 0 to 5;
and at least one of substituents R2 and R3 is selected from the solyl group
represented by the formula set forth under la. More generally, the organic
sacrificial materials or sacrificial materials useful in practicing the
present invention preferably encompass homopolymers and copolymers
containing random repeating units derived from a monomer unit or monomer
units represented by Formula I) or homopolymers or copolymers containing
random repeating units derived from monomer unit or units represented by
the below set forth Formula II, homopolymers or copolymers containing
repeating units derived from a monomer units) represented by below set
forth Formula III and copolymers comprising a combination of repeating
units represented by Formulae I and II Formulae i and III, Formulae II and
III or Formulae 1, II and III. The present invention is advantageous in
that it provides a method by which uniformly dispersed pores of relatively
the same pore diameter can be created in an insulating material, thereby
reducing the dielectric constant of a 



insulating material. The foregoing and other features of the invention are
hereinafter fully described and particularly pointed out in the claims, the
following description and the annexed drawings setting forth in detail one
or more illustrative embodiments of the invention, such being indicative,
however, of but one or a few of the various ways in which the principles of
the invention may be employed. -5   2 7 NOV 2002 



BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1A is a micrograph depicting the
absence of pores in a conventional spin-on dielectric insulating
composition. Fig. 1 B is a micrograph depicting the presence and size of
the pores formed in a porous insulating composition according to one
embodiment of the present invention. Fig. 1 C is a micrograph depicting the
presence.and size of pores formed in a porous insulating composition
according to another embodiment of the present invention. Fig. 2, line A
depicts the infrared spectra after spin coating and soft baking of a porous
insulating composition according to one embodiment of the present
invention. Fig. 2, line B depicts the infrared spectra of the porous
insulating composition depicted in Fig. 2, line A after the sample has been
subjected to a decomposition temperature of 400 C. Fig. 2) line C depicts
the infrared spectra of the porous insulating composition depicted in Fig.
2, line A after the sample has been subjected to a decomposition
temperature of 425 C. 



Fig. 3 depicts a detailed infrared spectra for lines A, B, and C of Fig. 2.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS As used herein, sacrificial
material means any material which is mixed with a dielectric material
which, upon being subjected to the proper conditions) decomposes to form
pores in the dielectric material. A pore is defined as a void within the
dielectric material in which the void contains either a gas, a combination
of gases, air or a vacuum. Preferably, the pores are either substantially
spherical or elliptical in shape. Also, a used herein, a dielectric
material is a material which is used as an insulator (e.g., Si02). The term
heatactivated sacrificial material, as used herein, is used to denote a
compound which upon exposure to heat decomposes leaving behind pores. -6
~2 7 NOV 2~! 



As stated above, the present invention relates to porous insulating
compounds that have low dielectric constants (e.g. compounds having
dielectric constants of less than about 4). Generally, the porous
insulating compounds are formed from a combination of a dielectric
material, such as a spin-on dielectric, with a sacrificial material.
Preferably, the spin-on dielectric is as a spin-on polymer or spin-on-glass
(SOG) (e.g., methylsilsesquioxane (MSQ), hydrogen-silsesquioxane (HSQ), or
a mixed silsesquioxane) and the sacrificial material is an organic
sacrificial material. With regard to a method for forming the
above-mentioned porous insulating compounds, preferably a sacrificial
material/dielectric material composition is formed by mixing a sacrificial
material with a dielectric material. The sacrificial material is then
removed from the composition via a suitable technique (e.g., by heating the
composition to a temperature at or above the decomposition temperature of
the sacrificial material), thereby creating pores. More preferably, the
decomposition reaction of the sacrificial material is induced solely by
high temperature although other means may be used. The decomposition
temperature should be compatible with the various components of the
structure so as not to destroy the integrity thereof aside from the removal
of the sacrificial material to form the pores. Typically, such temperature
should be less than about 500C for electrical interconnect devices and more
preferably less than 450C. It is contemplated that the decomposition
temperature will fall in the range of about 380C to about 450C) although
materials having decomposition temperatures as low as about 150C may be
beneficial. The sacrificial material, however, should be sufficiently
thermally stable so that the permanent material can be processed to a
condition where it is electrically and/or mechanically stable. The
preferred sacrificial material for carrying out the above-described method
preferably is a olefin or a polymer. More preferably, such an olefin or
polymer is selected from the cycloolefin class of compounds and even more
preferably is a bicycloolefin with a norbornene-type polymer being most -7



2 7 NOV 21b? preferred. Even further still, the sacrificial material can be
a homopolymers and copolymers. Sacrificial Material: By norbornene-type
polymer is meant polycyclic addition homopolymers and copolymers comprising
repeating units set forth under Formulae I) I1 and 111 below. Copolymers
useful in practicing the invention can include repeating units selected
from the group comprising and/or consisting of Formulae t, II and III, or
combinations thereof. The norbornene-type polymer that is particularly
useful as the sacrificial material in the present invention is sold under
the Avatrel trademark by The BFGoodrich Company, Akron, Ohio. The polymer
comprises silyl substituted repeating units represented by the structure
set forth under Formula I below. I I 'I m 



R t R2 R3 R4 wherein R' and R4 independently represent hydrogen; linear or
branched (C, to C2) alkyl; R2 and R3 independently represent hydrogen,
linear or branched (C, to C2) alkyl or the group: R9 -(CH}~-SiR10R11R12 Ia
R9 independently is hydrogen, methyl, or ethyl; R', R", and R'2
independently represent linear or branched (C, to C2) alkyl, linear or
branched (C, to CZ) 



alkoxy, linear or branched (C, to C2) alkyl carbonyloxy (e.g., acetoxy),
and _g_   2 ? N OV 2002 substituted or unsubstituted (Cs to C20 ) aryloxy;
m is a number from 0 to 4; and n is a number from 0 to 5. In Formula I at
least one of substituents R2 and R3 must 



be selected from the silyl group represented by the formula set forth under
la. Preferably) at least one of R', R", or R12 is selected from a linear or
branched (C, to C,) alkoxy group and R9 is hydrogen. More preferably, each
of R', R", and R'2 are the same and are selected from methoxy, ethoxy,
propoxy, butoxy, and pentoxy. Most preferably, n is 0 and R',_ R", and R12
are each ethoxy groups) e.g.) R2 and/or R3 is most preferably a
triethoxysilyl substituent. When n is 0, it is evident that the silyl
functionality is connected directly to the polycyclic ring through a
silicon-carbon bond wherein the carbon atom of the silicon-carbon bond is
supplied by a carbon atom on the polycyclic ring (i.e., a ring carbon
atom). In Formula I above, m is preferably 0 or 9 as represented by
structures Ib and Ic) respectively, below: Ib Ri RZ R3 Ra Ic R~ RZ Rs Ra 



wherein R' to R4 are as previously defined and at least one of R2 and R3
must be a silyl substituent represented by la. Repeating units where m is
0, i.e., repeating units of structure Ib, are especially preferred. In
Formulae I, Ib, and Ic R' and Racan taken together with the two ring carbon
atoms to which they are attached to represent a saturated cyclic group of 4
to 8 carbon atoms. When R' and R" are taken together to form a saturated
cyclic group, the cyclic group is substituted by R2 and R3 at least one of
which must be a silyl group represented by la. Generically such monomers
are represented by the following structure: _g_  



2 7 NDV 2002 wherein B is a methylene (i.e., -CH2-) group and q is a number
from 2 to 6. It should be apparent that when the methylene group
represented by B contains an R2 or R3 substituent, one of the hydrogen
atoms of the -CHZ group is replaced by the R2 or R3 substituent.
Representative repeating unit structures are set forth below:
mYmvmR2R3R2R3R2R3 wherein R2, R3, and m are as previously defined.
Illustrative examples of monomers of Formula I include 5-triethoxysilyl
norbornene, 5-trimethylsilyl norbornene) 5-trimethoxysilyl norbornene, 



5-methyldimethoxysilyl norbornene, 5-dimethylmethoxy norbornene. In another
embodiment of the present invention, the sacrificial polymer comprises
hydrocarbyl substituted polycyclic repeating units selected from units
represented by Formula II below: -10
.A.A9.A!.Af5.ASL.Af.AfE.AS[L.Ay[`.A@Z:,,d45 
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