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57 ABSTRACT

An insulating film which enables not only to obtain a good
film quality but to achieve an excellent filling property, thick
film formation and planarization simultaneously, an insulat-
ing film forming coating solution for forming the insulating
film, and a method of manufacturing the insulating film are
set forth. An insulating film forming coating solution con-
taining as a main component a solution of a polymer
obtained by co-hydrolysis of trialkoxysilane expressed by a
general  formula, SiH(OR);,  methyltrialkoxysilane
expressed by a general formula, SiCH,(OR),, and tet-
raalkoxysilane expressed by a general formula, Si(OR), is
coated on a semiconductor substrate (1) having a step
portion, and after it is dried and heated in an inert gas
atmosphere, an insulating film (6) which is composed of a
silane-derived compound expressed by a general formula,
SiH(CH3),O05_xryys Where, O<x<l, O<y<lx+y=1 is
formed.
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INSULATING FILM OF SEMICONDUCTOR
DEVICE AND COATING SOLUTION FOR
FORMING INSULATING FILM AND METHOD OF
MANUFACTURING INSULATING FILM

[0001] This application is a continuation of application
Ser. No. 10/133,321, filed Apr. 29, 2002, which in turn is a
continuation of application Ser. No. 08/492,108, filed Aug.
29, 1995, now U.S. Pat. No. 6,423,651, which in turn is a
U.S. National Stage of International Application No. PCT/
JP94/02225, filed Dec. 27, 1994.

BACKGROUND OF THE INVENTION
[0002] 1. Field of Invention

[0003] The present invention relates to an insulating film
of a semiconductor device and a coating solution for form-
ing the insulating film and a method of manufacturing the
insulating film, and in particular, relates to an improvement
in an insulating film which is provided between metal wiring
lines formed on a large scale semiconductor integrated
circuit, and a coating solution for forming the insulating
film, and a method of manufacturing the insulating film.

[0004] 2. Description of Related Art

[0005] In the prior art, with the progress in microminia-
turization and high integration of a semiconductor device, a
width of a device element and an interval between elements,
for example, a width of a metal wiring line and its interval
have been decreased more and more. In contrast, a height of
the element such as the metal wiring line has not substan-
tially been reduced for the reason that a wiring resistance
and a current density cannot be increased to a great extent.
Accordingly, in recent semiconductor devices, the interval
between the metal wiring lines in a lateral direction is very
narrow, and the height of the wiring line is still high. In such
a large scale semiconductor integrated circuit, the aspect
ratio of a height to a width of the metal wiring line has been
increased remarkably. Such a trend of increase of the aspect
ratio is not limited to the metal wiring line, and it is similar
also in other device elements.

[0006] As an interlayer insulating film which is formed on
various elements such as the metal wiring lines of a high
aspect ratio, it is required not only to insure insulation
between the elements but also to have an excellent filling
property which enables to fill up between the elements
without leaving a void and to fill completely between the
elements.

[0007] Furthermore, in order to insure a focus margin in
lithography process conducted after formation of the inter-
layer insulating film, an excellent property for forming a
planar surface is required, which enables to sufficiently
moderate surface irregularities or undulation in the inter-
layer insulating film.

[0008] As the insulating film which can be filled between
narrow elements as mentioned above, for example, there is
a silicon oxide thin film formed by a chemical vapor
deposition method by thermal decomposition or plasma
decomposition of monosilane. However, in the insulating
film (silicon oxide thin film) formed by this method, voids
are apt to be formed between the elements, and actually, a
sufficient filling property and a planarizing property are not
obtained.
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[0009] Accordingly, as the method of forming an insulat-
ing film which is excellent in the filling property of a narrow
space between elements, there is a method of forming an
insulating film by chemical vapor deposition by ozone
oxidation of an organic silane as disclosed in Japanese
Patent Laid-Open Publication No. 61-77695.

[0010] Furthermore, as disclosed in Japanese Patent Laid-
Open Publication No. Hei 3-203240, there is an insulating
film having a multilayer structure including a spin-on glass
film (hereinafter referred to as an “SOG” film). In this prior
art insulating film, an advantage is provided which enables
to achieve a planar surface of the insulating film, because the
occurrence of a crack in the SOG film can be prevented even
when the SOG film is coated to a large thickness.

[0011] Furthermore, there is another prior art technique in
which after filling a narrow space between the elements with
an insulating film formed by chemical vapor deposition, an
insulating film is further grown over the whole surface to a
large thickness, and thereafter, an unnecessary insulating
film is removed by a chemical mechanical polishing tech-
nique (CMP) thereby to achieve a planar surface of the
insulating film.

[0012] However, in the insulating film formed by the
method disclosed in the Japanese Patent Laid-Open Publi-
cation No. 61-77695, although the filling property of a
narrow space between the elements is excellent, on the other
hand, there is a drawback that a film thickness becomes thin
when the insulating film is formed on a pad or a flat and wide
interval between the elements. Accordingly, there is a prob-
lem that planarization cannot be achieved over the whole
region of the surface.

[0013] Furthermore, in the insulating film having a mul-
tilayer structure including an SOG film obtained by the
method disclosed in the Japanese Patent Laid-Open Publi-
cation No. Hei 3-203240, although the occurrence of a crack
in the SOG film is prevented to some extent, there is a
problem that peeling and crack are easily occurred in a film
other than the SOG film constituting the above-mentioned
insulating film due to a difference in a shrinkage ratio
between the SOG film and the other film. Furthermore, there
is a problem that planarization cannot be achieved suffi-
ciently over the whole region of the surface.

[0014] Furthermore, in the prior art in which the chemical
vapor deposition technique is combined with the chemical
mechanical polishing technique, it is possible to insure the
planar surface formation over the whole region of the
semiconductor substrate depending on conditions, however,
there is a problem that the setting of the conditions is
difficult. Moreover, there is a problem that expensive appa-
ratus is needed, and this leads to a large increase in costs.
There is another problem that the detection of an end point
is difficult in the chemical mechanical polishing, and non-
uniformity between the wafers is large and the throughput is
low. Furthermore, there is a problem that the yield is low due
to the occurrence of contamination and particles.

SUMMARY OF THE INVENTION

[0015] The present invention solves the problems in the
prior art as mentioned above, and it is an object to provide
an insulating film of a semiconductor device and an insu-
lation film forming coating solution for forming the insu-
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lating film and a method of manufacturing the insulating
film, which of course enables to obtain a good film quality
wherein the shrinkage ratio is small, and the oxygen plasma
resistant property and the etching workability are excellent
and the crack is not occurred, and also the excellent filling
property and the formation of a thick film and the planar
surface forming property are simultaneously achieved.

[0016] In order to achieve the object, the invention relates
to an insulating film of a semiconductor device, and it
provides an insulating film of a semiconductor device char-
acterized in that the insulating film comprises a silane-
derived compound expressed by a general formula,

Sin(CHs)yozf(xw)/z
[0017] (where, O<x<1, O<y<l, x+y=1).

[0018] Furthermore, the invention relates to an insulating
film forming coating solution for forming an insulating film
of a semiconductor device, and it provides an insulating film
forming coating solution containing as a main component a
solution of a polymer obtained by co-hydrolysis of

[0019] trialkoxysilane expressed by a general for-
mula, SiH(OR);, and

[0020] methyltrialkoxysilane expressed by a general
formula, SiCH,(OR)s,.

[0021] Furthermore, the invention relates to an insulating
film forming coating solution for forming an insulating film
of a semiconductor device, and it provides an insulating film
forming coating solution containing as a main component a
solution of a polymer obtained by co-hydrolysis of

[0022] tetraalkoxysilane expressed by a general for-
mula, Si(OR),,

[0023] trialkoxysilane expressed by a general for-
mula, SiH(OR);, and

[0024] methyltrialkoxysilane expressed by a general
formula, SiCH,(OR)s,.

[0025] Furthermore, the invention relates to a method of
forming an insulating film of a semiconductor device, and it
provides a method of forming an insulating film comprising
the steps of coating the insulating film forming coating
solution described herein on a semiconductor substrate
having a desired pattern formed thereon, and drying the
coated insulating film forming coating solution and there-
after heating and curing in an inert gas atmosphere.

[0026] The insulating film is comprised of the silane-
derived compound expressed by the general formula,

Sin(CHs)yozf(ery)/z

[0027] (where, O<x<1, O<y<l, x+y=1), and thus, the
insulating film has a structure having H (hydrogen) which is
directly bonded to Si (silicon) and which is introduced into
the insulating film. Accordingly, in the insulating film, the
shrinkage rate is reduced without impairing the oxygen
plasma resistant property and the etching workability.

[0028] Furthermore, in view of the oxygen plasma resis-
tant property and the etching workability, it is preferable that
Y=0.8, and in view of the crack resistant property, it is
preferable that 0.2=Y.

[0029] The reason for this will be described below. The
usual SOG film which has been used in the prior art includes
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O (oxygen), and C (carbon) of a methyl group which are
counterparts for directly bonding to Si. When Si bonds to
only O, with respect to Si—OR or Si—OH in the coating
film, end groups are bonded to each other during curing
process, and a crosslinked network of Si—O—Si is devel-
oped. Thus, the shrinkage rate is increased, and the film
becomes fragile since the hardness is increased. As a result,
cracks are easily occurred, and a thick film having a thick-
ness of 3000 A or larger cannot be formed.

[0030] On the other hand, when the methyl group is
introduced into Si to the extent having a maximum ratio of
Si:C=2:1, the shrinkage rate of the obtained insulating film
can be reduced, and at the same time, the film is made
flexible, and it is possible to form a film having a maximum
thickness of about 5000 A. However, the shrinkage rate of
the film cannot be reduced to lower than about 7%.

[0031] Accordingly, in order to reduce the shrinkage rate
of the above-mentioned film and to form a thick film, when
the content of C (an introduced quantity of methyl group) in
the insulating film is increased, then the Si—C bond is
oxidized and decomposed, and the oxygen plasma resistant
property is degraded. Furthermore, since the reaction with
CHF, contained in etching gas occurs to produce a great
amount of fluorocarbon polymer, a problem arises in which
the etching workability is degraded to a great extent.

[0032] Here, the action to reduce the shrinkage rate of the
above-mentioned film and to make the film flexible is caused
by the presence of C due to the introduction of the methyl
group. In other words, due to the presence of C, the number
of O bonded to Si is reduced from 4 to 3, and the remaining
bond is Si—C so that the shrinkage rate of the film is
reduced and the flexibility of the film is improved. This
effect can be also obtained by using the bond of Si—H in
place of the Si—C. Accordingly, it is possible to reduce the
shrinkage rate of the film and to make the film flexible by
increasing the amount of H without increasing the amount of
C present in the insulating film. As a result, the shrinkage
rate of the insulating film is reduced and the formation of a
thick film can be achieved without degrading the oxygen
plasma resistant property and the etching workability.

[0033] Furthermore, by introducing the Si—H bond, the
reduction of the water absorption property and the water
resistant property of the insulating film can be attained as a
result of a strong hydrophobic nature of the Si—H bond.

[0034] Also, the dielectric constant is decreased due to the
reduction of water content, and when the film is used as an
interlayer insulating film between metal wiring lines, an
advantage of reducing a parasitic capacitance is obtained.

[0035] Since the insulating film forming coating solution
in embodiments is a liquid, the coating solution can be filled
up into a narrow gap of an underlying step portion with
priority, and the filling property is improved and at the same
time, the planarization can be achieved.

[0036] Furthermore, the insulating film obtained by drying
the insulating film forming coating solution has a structure
in which H which directly bonds to Si is introduced.
Accordingly, in the insulating film, the number of O which
bonds to Si is reduced from 4 to 3, and the remaining bond
is Si—H or Si—C. As a result, the amount of H is increased
without increasing the amount of C which is present in the
insulating film, and thus, the shrinkage rate of the film is
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reduced and the film can be made flexible. For this reason,
the shrinkage rate of the insulating film is reduced, and the
formation of a thick film can be achieved without degrading
the oxygen plasma resistant property and the etching work-
ability.

[0037] Here, as the trialkoxysilane expressed by the gen-
eral formula, SiH(OR),, for example, trimethoxysilane, tri-
ethoxysilane, or the like is suitably used.

[0038] Furthermore, as the methyltrialkoxysilane
expressed by the general formula, SiCH,(OR),, methyltri-
methoxysilane, methyltriethoxysilane, or the like is suitably
used.

[0039] Also in the hydrolysis, besides water, an acid such
as formic acid, acetic acid, phosphoric acid, hydrochloric
acid, may be used as a catalyst.

[0040] Furthermore, in the hydrolysis, another organic
silane group such as dimethyldiethoxysilane, phenyltri-
methoxysilane, or the like may be mixed as a modifying
agent.

[0041] Furthermore, both the catalyst and the modifying
agent may be jointly mixed.

[0042] The molecular weight of a polymer obtained by the
hydrolysis can be changed by a temperature, a time, and a
concentration in a condensation and polymerization method.
However, when the molecular weight exceeds about
100000, the polymer becomes insoluble to a solvent. Thus,
it is desirable that the molecular weight of the polymer is
equal to 100000 or less.

[0043] Furthermore, when the molecular weight is less
than 1000, the amount of the polymer which is not cured but
volatized by heating is increased. Accordingly, it is desirable
that the molecular weight of the polymer is equal to 1000 or
larger.

[0044] Furthermore, preferably, the molecular weight is
suitable when it is about 1500 to 10000.

[0045] The polymer which is obtained in the hydrolysis is
soluble to various of solvents, and in particular, lower
alcohol such as methanol, ethanol, 2-propanol, or the like,
glycol-ethers such as 2-ethoxyethanol, or the like, ketones
such as methyl-isobutylketone or the like, carbolic-acid
esters such as isobutylacetate or the like may be suitably
used. However, when the boiling point of the solvent is low,
the drying progresses too fast, and peeling or cracking is
caused sometimes. On the other hand, when the boiling
point is too high, it takes a long time for drying. Accordingly,
it is preferable to use a solvent having an intermediate
boiling point of about 100 to 180° C.

[0046] Furthermore, if the concentration of the solution of
the above-mentioned polymer is too high, striation and
defective filling are apt to be caused, and if the concentration
of the solution of the above-mentioned polymer is too low,
a film thickness obtained by one time of coating will be thin.
Accordingly, the concentration of the solution of the above-
mentioned polymer is suitably 5 to 50 weight %. As the
insulating film forming coating solution in embodiments is
a liquid, the coating solution can be filled up a narrow gap
in an underlying step portion with priority, and thus, the
filling property is improved and the planarization can be
achieved.
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[0047] Furthermore, the insulating film obtained by coat-
ing and drying the insulating film forming coating solution
has a structure in which H which is bonded directly to Si is
introduced. Accordingly, in the insulating film, the number
of O which is bonded to Si is reduced from 4 to 3, and the
remaining bond is Si—H or Si—C. Thus, the shrinkage rate
of the film can be reduced and the film can be made flexible
by increasing the amount of H without increasing the
amount of C.

[0048] As a result, the shrinkage rate of the insulating film
is reduced and the formation of a thick film can be achieved
without impairing the oxygen plasma resistant property and
the etching workability.

[0049] In the insulating film forming coating solution,
tetraalkoxysilane expressed by the general formula,
Si(OR),, trialkoxysilane expressed by the general formula,
SiH(OR);, and methyltrialkoxysilane expressed by the gen-
eral formula, SICH;(OR); are co-hydrolyzed, alternatively,
the tetraalkoxysilane, trialkoxysilane, and methyltrialkox-
ysilane are individually hydrolyzed and polymerized, and
the resultant products may be mixed.

[0050] As the tetraalkoxysilane expressed by the general
formula, Si(OR),, for example, tetramethoxysilane, tetra-
ethoxysilane, or the like is suitably used.

[0051] As the trialkoxysilane expressed by the general
formula, STH(OR),, similar compounds listed in the descrip-
tion are suitably used.

[0052] As the methyltrialkoxysilane expressed by the gen-
eral formula, SICH;(OR);, similar compounds listed in the
description are suitably used.

[0053] Furthermore, also in the hydrolysis mentioned
above, the catalyst or the modifying agent listed in the
description may be mixed, or both the catalyst and the
modifying agent may be jointly mixed.

[0054] The molecular weight of the polymer obtained by
the hydrolysis is desirably equal to 1000 or more, or equal
to 100000 or less for the same reason as described. It is
further preferable to select the molecular weight about 1500
to 10000.

[0055] As the solvent which is usable with the polymer
obtained in the hydrolysis, those solvents listed in the
description may be used suitably. However, also in this case,
when the boiling point of the solvent is low, the drying
progresses too fast, and the brushing and cracking might be
caused, and when the boiling point of the solvent is too high,
it takes a long time for the drying. Thus, it is desirable to use
a solvent having an intermediate boiling point of about 100
to 180° C.

[0056] Furthermore, when the concentration of the solu-
tion of the above-mentioned polymer is too high, striation
and defective filling are apt to be caused, and when the
concentration of the solution of the above-mentioned poly-
mer is too low, the film thickness obtained by one time of
coating will be thin. Accordingly, the concentration of the
solution of the above-mentioned polymer is suitable when it
is selected to be 5 to 50 weight %.

[0057] In the method of manufacturing the insulating film,
by coating the insulating film forming solution, it is possible
to make the insulating film forming solution fill into a
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narrow recess in the underlying step portion (a desired
pattern formed on the semiconductor substrate). Accord-
ingly, the filling property is improved, and the planarization
can be achieved.

[0058] Furthermore, after drying the coated insulating
film, by heating and curing in an inert gas atmosphere, the
insulating film forming solution is polymerized and cured
without being mixed with oxygen. Accordingly, at the time
of polymerization and curing of the insulating film forming
solution, the insulating film forming solution is not oxidized.
Thus, the insulating film obtained in this process has the
structure in which H which is directly bonded to Si is
introduced. As a result, in the insulating film, the average
number of O which is bonded to Si is equal to 3 or more, and
equal to 4 or less, and the remaining bond is Si—H or Si—C.
Thus, the shrinkage rate of the film can be reduced and the
film can be made flexible. For this reason, the shrinkage rate
of the insulating film is reduced and the formation of a thick
film is achieved without impairing the oxygen plasma resis-
tant property and the etching workability.

[0059] As inert gases, for example, nitrogen, argon, hydro-
gen, helium, forming gas, or the like may be used suitably.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG. 1A is a partial sectional view showing a
process of forming an insulating film of a semiconductor
device according to an embodiment of the present invention.

[0061] FIG. 1B is a partial sectional view showing a
process of forming the insulating film of the semiconductor
device according to the embodiment of the present inven-
tion.

[0062] FIG. 1C is a partial sectional view showing a
process of forming the insulating film of the semiconductor
device according to the embodiment of the present inven-
tion.

[0063] Explanation of reference numerals: 1 . . . semicon-

ductor substrate, 2 . . . BPSG film, 3 . . . TiN film, 4 . . .

Al—Cu alloy film, § . . . TiN film, 6 . . . insulating film, 10
. . wiring line film, 11 . . . wiring line.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0064] An embodiment of the present invention will be
described.

[0065] First, a method of compounding an insulating film
forming coating solution used in forming an insulating film
of a semiconductor device will be described.

[0066] Tetracthoxysilane (Si(OC,Hs),) having a purity of
99.9%, triethoxysilane (SiH(OC,H,);) having a purity of
99.9%, and methyltriethoxysilane (CH;Si(OC,Hy),) having
a purity of 99.9% are prepared, and these materials are
mixed in accordance with a compounding quantity (molar
ratio %) shown in Table 1 so that a total quantity equals 1
mol.

[0067] In this case, the above-mentioned tetraethoxysilane
(Si(OC,Hy),) corresponds to tetraalkoxysilane expressed by
the general formula Si(OR),, in the present invention, and the
above-mentioned triethoxysilane (SiH(OC,Hs);) corre-
sponds to trialkoxysilane expressed by the general formula
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SiH(OR), in the present invention, and the above-mentioned
methyltriethoxysilane (CH;Si(OC,Hs);) corresponds to
methyltrialkoxysilane expressed by the general formula
SiCH (OR); in the present invention.

[0068] Following this, the obtained mixed solution is
mixed with 2 mols of water, 1 mol of ethanol, and 0.01 mol
of phosphoric acid, and stirred for 24 hours at 50° C. so that
hydrolytic reaction takes place.

[0069] Subsequently, the obtained product is dissolved by
2-ethoxyethanol, and produces an insulating film forming
coating solution having a solid concentration of 20%.

[0070] Thereafter, an underlying material on which the
insulating film forming coating solution is coated is manu-
factured by a method described below.

[0071] First, a silicon substrate (wafer) having a diameter
of 8 inches is prepared.

[0072] In a process shown in FIG. 1A, a BPSG (Boron
Phosphorus Silicate Glass) film 2 is formed on the silicon
substrate 1 to a film thickness of about 1.0 ym.

[0073] Subsequently, a TiN (titanium nitride) film 3 is
deposited to a film thickness of about 0.1 um on the BPSG
film 2. Then an Al—Cu alloy (an alloy of aluminum and
copper) film 4 is deposited to a film thickness of about 0.8
um on the TiN film 3. Then, a TiN (titanium nitride) film 5
is deposited to a film thickness of about 0.1 um on the
Al—Cu alloy film 4.

[0074] In this manner, a wiring line film 10 having a
three-layer structure made up of the TiN film 3, the AlI—Cu
alloy film 4, and the TiN film 5 is formed.

[0075] Next, in a process shown in FIG. 1B, patterning is
performed on the wiring line film 10 which was obtained in
the process shown in FIG. 1A, and a wiring line 11 having
a width of about 0.5 um, a height of about 1.0 um, and a
distance (interval) between wiring lines of 0.2 ym is formed.

[0076] In this embodiment, for the purpose of test which
is performed in the next process, 18 sheets of semiconductor
substrates 1 (wafer) each having the wiring line 11 are
manufactured.

[0077] Following this, in a process shown in FIG. 1C, the
semiconductor substrate 1 obtained in the process shown in
FIG. 1B is mounted on a spin coater, and each kind of the
insulating film forming coating solutions (sample No. 1 to
No. 18) having the compounding ratio shown in Table 1 is
coated on one of the semiconductor substrates 1 under the
following conditions.

[0078] Coating conditions:

[0079] number of revolutions 1000 to 7000 revolu-
tions/minute

[0080] film thickness 1 um

[0081] Thereafter, the 18 sheets of semiconductor sub-
strates 1 each coated with corresponding one of the insulat-
ing film forming coating solutions are left to stand for 3
minutes in atmosphere at about 150° C. so that the solvent
is volatized. Subsequently, the semiconductor substrates 1
are heated for 60 minutes in nitrogen flow at about 400° C.
thereby to cure the insulating film forming coating solution
and to obtain an insulating film 6.
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[0082] In this case, the insulating film which is obtained
by coating, drying, and curing each of the samples No. 2 to
No. 11 and samples No. 13 to No. 17 is constituted by a
silane-derived compound expressed by a general formula,
SiH (CH;), 05 ypyys2 (Where, O<x<1, O<y<l, x+y=1).

[0083] Then, the shrinkage rate of the insulating film 6
obtained in the process shown in FIG. 1C is measured a film
thickness by an ellipsometer before and after the heating
process at about 400° C. Furthermore, the oxygen plasma
resistant property of the insulating film 6 is investigated on
the basis of the presence or absence of crack occurrence
observed by an optical microscope after an asher treatment.
Moreover, the planarization property, crack occurring state,
and filling property of the insulating film 6 are investigated
by observing a cross section of the insulating film 6 by a
scanning electron microscope.

[0084] The results are shown in Table 2. From Table 2, it
is confirmed that the insulating films (sample No. 2 to No.
11, sample No. 13 to 17) are excellent in all the shrinkage
rate, oxygen plasma resistant property, planarization prop-
erty, cracking, and filling property of the insulating film.

[0085] Furthermore, from Table 2, it is seen that sample
No. 1 which is a comparison product is inferior in the
oxygen plasma resistant property, and in sample No. 12
which is a comparison product, a crack is caused, and in
sample No. 18 which is a comparison product, the shrinkage
rate is large, and it is inferior in the planarization property
and oxygen plasma resistant property.

[0086] From these results, it is proved that the insulating
film constituted by the silane-derived compound expressed
by the general formula, SiH.(CH;),0, (4. (Where,
O<x<1, O<y<1, x+y=1) has a small shrinkage rate, and it is
excellent in the oxygen plasma resistant property and etch-
ing workability, and the crack is not generated. Thus, the
good film quality is of course obtained, and the excellent
filling property, thick film forming property, and planariza-
tion property are simultaneously achieved.

[0087] In the embodiment, the insulating film forming
coating solution is used which contains as a main component
the solution of the polymer obtained by hydrolysis of the
tetraethoxysilane, triethoxysilane, and methyltriethoxysi-
lane. However, similar advantageous effects as mentioned
above will be obtained if an insulating film forming coating
solution is used which contains as a main component a
solution of a polymer obtained by hydrolysis, not limited to
an ethoxy group, trialkoxysilane expressed by a general
formula, SIH(OR), and methyltrialkoxysilane expressed by
a general formula, SiCH,(OR),.

[0088] Furthermore, similar advantageous effects men-
tioned above will be obtained even if an insulating film
forming coating solution is used which contains as a main
component a solution of a polymer obtained by hydrolysis of
tetraalkoxysilane expressed by a general formula, Si(OR),,
trialkoxysilane expressed by a general formula, STH(OR);,
and methyltrialkoxysilane expressed by a general formula,
SiCH4(OR)s.

[0089] Furthermore, in the embodiment, the mixed solu-
tion of the tetracthoxysilane, triethoxysilane, and methyltri-
ethoxysilane is mixed with 2 mols of water, 1 mol of ethanol,
and 0.01 mol of phosphoric acid, and stirred for 24 hours at
50° C. to carry out the hydrolytic reaction. However, the
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present invention is not limited to this, and the conditions for
carrying out the hydrolytic reaction may be set arbitrarily as
desired.

[0090] Furthermore, in the embodiment, it is described as
to the method of carrying out the hydrolytic reaction after
mixing the tetracthoxysilane, triethoxysilane, and methyltri-
ethoxysilane. However, the present invention is not limited
to this, and the tetraethoxysilane, triethoxysilane, and meth-
yltriethoxysilane may be individually hydrolyzed and poly-
merized, and these resultant products may be mixed.

[0091] Furthermore, in the embodiment, the product
obtained by the hydrolytic reaction is dissolved in 2-ethoxy-
ethanol, and the insulating film forming coating solution
having a solid concentration of 20% is produced. However,
the present invention is not limited to this, and the solid in
the insulating film forming coating solution may be deter-
mined arbitrarily as desired. Also, as the solution which
dissolves the product, other solutions may be used if the
product is soluble to the solutions and the nature of the
produced insulating film forming coating solution is not
impaired.

[0092] Furthermore, in the embodiment, as the underlying
material on which the insulating film forming coating solu-
tion is coated, the wiring line pattern having a width of about
0.5 um, a height of about 1.0 um, and a distance between the
wiring lines of 0.2 um is formed. However, the present
invention is not limited to this, and the present invention is
applicable as the insulating film which is formed on the
underlying material of all patterns, and the insulating film
may of course be formed on an underlying material having
an element other than the wiring lines formed thereon.

[0093] In the embodiment, the insulating film 6 having the
film thickness of about 1 um is formed, however, it is not
limited to this, and the film thickness of the insulating film
6 may be determined as desired.

[0094] Furthermore, in the embodiment, the insulating
film forming coating solution is coated by using the spin
coater, however, it is not limited to this, and the coating
solution may be coated by other methods if it is possible to
coat the insulating film forming coating solution uniformly
on the underlying material.

[0095] Furthermore, in the embodiment, after the insulat-
ing film forming coating solution is coated on the semicon-
ductor substrate 1 and drying, it is heated for 60 minutes in
nitrogen flow at about 400° C. so that the insulating film
forming coating solution is cured. However, the present
invention is not limited to this, and the atmosphere used
during curing is only required to be inert.

[0096] As described in the foregoing, the insulating film of
a semiconductor in claims 1 and 2 is composed of the
silane-derived compound expressed by the general formula,
SiH(CH3),05_xryy2 (Where, O<x<1, O<y<l, x+y=1), and
thus, it has the structure in which H which is bonded directly
to Si is introduced into the insulating film. As a result, in the
insulating film, the average number of O which is bonded to
Si is equal to 3 or more and equal to 4 or less, and the
remaining bond is Si—H or Si—C. Accordingly, the shrink-
age rate of the insulating film can be reduced and the film
can be made flexible by increasing the amount of H without
increasing the amount of C. As a result of this, not only a
satisfactory film quality is obtained wherein the shrinkage
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rate is small, the oxygen plasma resistant property and
etching workability are excellent, and the crack is not
caused, but also the excellent filling property, and the thick
film formation and planarization property can be achieved
simultaneously.

[0097] The insulating film forming coating solution in
embodiments contains as the main component the solution
of the polymer obtained by hydrolysis of the trialkoxysilane
expressed by the general formula, SIH(OR), and the meth-
yltrialkoxysilane expressed by the general formula,
SiCH4(OR);. Accordingly, when the coating solution is
coated on the underlying step portion, it can be filled into
even a narrow gap in the underlying step portion with
priority. For this reason, the filling property is improved, and
at the same time, the planarization can be achieved.

[0098] Furthermore, the insulating film which is obtained
by coating, drying, and curing the insulating film forming
coating solution has a structure in which H which is directly
bonded to Si is introduced. As a result, in the insulating film,
the number of O which is bonded to Si is 3, and the rest of
the bonds is Si—H or Si—C. Thus, the shrinkage rate of the
film can be reduced and the film can be made flexible by
increasing the amount of H without increasing the amount of
C 1in the insulating film.

[0099] As a result, not only a satisfactory film quality
wherein the shrinkage rate is small, the oxygen plasma
resistant property and etching workability are excellent, and
the crack is not caused is obtained, but also the excellent
filling property, the thick film formation and planarization
can be simultaneously achieved.

[0100] The insulating film forming coating solution in
embodiments contains as the main component the solution
of the polymer which is obtained by hydrolysis of the
tetraalkoxysilane expressed by the general formula, Si(OR),
trialkoxysilane expressed by the general formula, STH(OR),,
and methyltrialkoxysilane expressed by the general formula,
SiCH,4(OR),. As a result, when the coating solution is coated
on the underlying step portion, it can be filled even into a
narrow gap in the underlying step portion with priority.
Thus, the filling property is improved, and at the same time,
the planarization can be achieved.
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[0101] Furthermore, the insulating film which is obtained
by coating, drying, and curing the insulating film forming
coating solution has the structure in which H which is
directly bonded to Si is introduced. As a result, in the
insulating film, the average number of O which is bonded to
Si is equal to 3 or more and equal to 4 or less, and rest of
the bonds is Si—H or Si—C. Thus, the shrinkage rate of the
film can be reduced and the film can be made flexible by
increasing the amount of H without increasing the amount of
C in the insulating film.

[0102] As a result, not only a satisfactory film quality
wherein the shrinkage rate is small, the oxygen plasma
resistant property and etching workability are excellent, and
the crack is not caused is obtained, but also the excellent
filling property, the thick film formation and planarization
can be simultaneously achieved.

[0103] Furthermore, in the method of manufacturing the
insulating film in embodiments, the insulating film forming
coating solution in embodiments is coated. Thus, the insu-
lating film forming coating solution can be filled even into
anarrow gap in the underlying step portion with priority, and
the planarization can be achieved.

[0104] Furthermore, after drying the coated insulating film
forming coating solution, it is heated and cured in an inert
gas atmosphere. As a result, the insulating film thus obtained
has the structure in which H which is directly bonded to Si
is introduced. Thus, in the insulating film, the average
number of O which is bonded to Si is equal to 3 or more and
equal to 4 or less, and the rest of the bonds is Si—H or
Si—C. Accordingly, the shrinkage rate of the film can be
reduced and the film can be made flexible without increasing
the amount of C in the insulating film.

[0105] As a result, not only a satisfactory film quality
wherein the shrinkage rate is small, the oxygen plasma
resistant property and etching workability are excellent, and
the crack is not caused is obtained, but also the excellent
filling property, the thick film formation and planarization
can be simultaneously achieved.

TABLE 1
SAMPLE MIXING RATIO
NO HSi(OC,Hy);  CH,SOCHg)s  Si(OC,Hgy, REMARKS
1 0 100 0 COMPARISON PRODUCT
2 1 99 0 INVENTION PRODUCT
3 5 95 0 INVENTION PRODUCT
4 10 90 0 INVENTION PRODUCT
5 25 75 0 INVENTION PRODUCT
6 33 67 0 INVENTION PRODUCT
7 50 50 0 INVENTION PRODUCT
8 67 33 0 INVENTION PRODUCT
9 75 25 0 INVENTION PRODUCT
10 90 10 0 INVENTION PRODUCT
11 99 1 0 INVENTION PRODUCT
12 100 0 0 COMPARISON PRODUCT
13 10 80 10 INVENTION PRODUCT
14 30 30 40 INVENTION PRODUCT
15 30 10 60 INVENTION PRODUCT
16 50 0 50 INVENTION PRODUCT
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TABLE 1-continued
SAMPLE MIXING RATIO
NO. HSi(OC,Hy); CH,Si(OC,Hy), Si(OC,Hy), REMARKS
17 80 10 10 INVENTION PRODUCT
18 0 50 50 COMPARISON PRODUCT
[0106]
TABLE 2
OXYGEN  PLANARIZATION CRACK GAP-FILLING
PLASMA INDEX (um) OCCURRENCE  PROPERTY

SAMPLE SHRINKAGE RESISTANT WHEN COATED 1 WHEN WHEN

NO. RATE (%)  PROPERTY um COATED 1 ym COATED 0.2 gm
1 7.0 NO GOOD +0.20 NONE GOOD
2 5.0 GOOD +0.15 NONE GOOD
3 43 GOOD +0.13 NONE GOOD
4 32 GOOD +0.10 NONE GOOD
5 2.7 GOOD +0.10 NONE GOOD
6 2.0 GOOD +0.05 NONE GOOD
7 1.0 GOOD +0.02 UNDER NONE GOOD
8 0.7 GOOD +0.02 UNDER NONE GOOD
9 0 GOOD +0.02 UNDER NONE GOOD
10 0 GOOD +0.02 UNDER NONE GOOD
11 0 GOOD +0.02 UNDER NONE GOOD
12 0 GOOD +0.02 UNDER EXIST GOOD
13 1.0 GOOD +0.13 NONE GOOD
14 3.6 GOOD +0.13 NONE GOOD
15 39 GOOD +0.15 NONE GOOD
16 46 GOOD +0.18 NONE GOOD
17 0 GOOD +0.10 NONE GOOD

18 8.5 NO GOOD +0.85 EXIST NO GOOD

What is claimed is:
1. A method of forming a semiconductor device, com-
prising:
providing a semiconductor substrate having wiring lines
thereon;

forming an insulating film that covers the entire upper
surface of the wiring lines, a major portion of the
insulating film comprising a silane-derived compound
including silicon, oxygen, hydrogen and carbon atoms,
wherein Si—H and Si—C bonds are present in the
compound, and wherein all of the insulating film has
been heated at a temperature of about 400° C. and a
proportion of the Si—C bonds to the silicon atoms is
not less than 0.2.

2. The method of claim 1, wherein all of the Si—C bonds
in the compound are formed between the silicon atoms and
methyl groups, and optionally between the silicon atoms and
phenyl groups.

3. The method of claim 1, wherein at least 20% of the
silicon atoms are each bonded to three of the oxygen atoms
and one of the carbon atoms.

4. The method of claim 1, wherein an amount of the
Si—H bonds is sufficient to reduce a dielectric constant of
the insulating film.

5. The method of claim 1, wherein the major portion of
the insulating film consists essentially of silicon atoms each
bonded to at least three oxygen atoms.

6. The method of claim 1, wherein the proportion of the
Si—C bonds to the silicon atoms is between 0.2 and 0.8.

7. A method of forming a semiconductor device, com-
prising:

providing a semiconductor substrate having wiring lines
thereon;

forming an insulating film that covers the entire upper
surface of the wiring lines, a major portion of the
insulating film comprising a silane-derived compound
including silicon, oxygen, hydrogen and carbon atoms,
a crosslinked network of Si—O—Si being developed
in all of the compound, wherein Si—H and Si—C
bonds are present in the compound and at least 20% of
the silicon atoms are each bonded to three of the
oxygen atoms and one of the carbon atoms.

8. The method of claim 7, wherein all of the Si—C bonds
in the compound are formed between the silicon atoms and
methyl groups, and optionally between the silicon atoms and
phenyl groups.

9. The method of claim 7, wherein the major portion of
the insulating film consists essentially of silicon atoms each
bonded to at least three oxygen atoms.

10. The method of claim 7, wherein a proportion of the
Si—C bonds to the silicon atoms is between 0.2 and 0.8.

11. The method of claim 7, wherein an amount of the
Si—H bonds is sufficient to reduce a dielectric constant of
the insulating film.

12. A method of forming a semiconductor device, com-
prising:
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providing a semiconductor substrate having wiring lines
thereon;

forming a silicon-oxygen based insulating film that covers
the entire upper surface of the wiring lines, the insu-
lating film comprising silicon, oxygen, hydrogen and
carbon atoms, wherein Si—H and Si—C bonds are
present in the insulating film, and wherein all of the
insulating film has been heated at a temperature of
about 400° C. and a proportion of the Si—C bonds to
the silicon atoms is not less than 0.2.

13. The method of claim 12, wherein at least 20% of the
silicon atoms are each bonded to three of the oxygen atoms
and one of the carbon atoms.

14. The method of claim 12, wherein an amount of the
Si—H bonds is sufficient to reduce a dielectric constant of
the insulating film.

15. The method of claim 12, wherein the insulating film
consists essentially of silicon atoms each bonded to at least
three oxygen atoms.

16. The method of claim 12, wherein the proportion of the
Si—C bonds to the silicon atoms is between 0.2 and 0.8.

17. A method of forming a semiconductor device, com-
prising:
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providing a semiconductor substrate having wiring lines
thereon;

forming a silicon-oxygen based insulating film that covers
the entire upper surface of the wiring lines, the insu-
lating film comprising silicon, oxygen, hydrogen and
carbon atoms, wherein Si—H and Si—C bonds are
present in the insulating film, a crosslinked network of
Si—O0—Si being developed in all of the insulating film,
and at least 20% of the silicon atoms are each bonded
to three of the oxygen atoms and one of the carbon
atoms.

18. The method of claim 17, wherein the insulating film
consists essentially of silicon atoms each bonded to at least
three oxygen atoms.

19. The method of claim 17, wherein a proportion of the
Si—C bonds to the silicon atoms is between 0.2 and 0.8.

20. The method of claim 17, wherein an amount of the
Si—H bonds is sufficient to reduce a dielectric constant of
the insulating film.



