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1

METHOD FOR FORMING
INTERCONNECTION STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to a method for forming an
interconnection structure in a semiconductor integrated cir-
cuit.

As the number of devices, integrated within a single
semiconductor integrated circuil, has been tremendously
increasing these days, wiring delay has also been increasing
noticeably. This is because the larger the number of devices
integrated, the larger line-to-line capacitance (i.¢., parasitic
capacitance between metal interconnects), thus interfering
with the performance improvement of a semiconductor
integrated circuil. The wiring delay is so-called “RC delay”,
which is proportional to the product of the resistance of
metal interconnection and the line-to-line capacitance.

In other words, to reduce the wiring delay, either the
resistance of metal interconnection or the line-to-line capaci-
tance should be reduced.

In order to reduce the interconnection resistance, IBM
Corp., Motorola, Inc., ete. have reported semiconductor
integrated circuits using copper, not aluminum alloy, as a
material for metal interconnects. A copper material has a
specific resistance about two-thirds as high as that of an
aluminum alloy material. Accordingly, in accordance with
simple calculation, the wiring delay involved with the use of
a copper material for metal interconnects can be about
two-thirds of that involved with the use of an aluminum
alloy material therefor. That is to say, the operating speed
can be increased by about 1.5 times.

However, the number of devices, integrated within a
single semiconductor integrated circuit, is expected to fur-
ther increase by leaps and bounds from now on, thus
increasing the wiring delay considerably. Therefore, it is
concerned that even the use of copper as an alternate metal
interconnection material would not be able to catch up with
such drastic increase. Also, the specific resistance of copper
as a metal interconnection material is just a little bit higher
than, but almost equal to, that of gold or silver. Accordingly,
even il gold or silver is used instead of copper as a metal
interconnection malerial, the wiring delay can be reduced
only slightly.

Under these circumsiances, not only reducing iniercon-
nection resistance but also suppressing line-to-line capaci-
tance play a key role in further increasing the number of
devices that can be integrated within a single semiconductor
integrated circuit. And the relative dielectric constant of an
interlevel insulating film should be reduced to suppress the
line-to-line capacitance. A silicon dioxide film has hereto-
fore been used as a typical material for an interlevel insu-
lating film. The relative dielectric constant of a silicon
dioxide film is, however, about 4 to about 4.5. Thus, it would
be difficult to apply a silicon dioxide film to a semiconductor
integrated circuil incorporating an even larger number of
devices.

In order to solve such a problem, fluorine-doped silicon
dioxide film, low-dielectric-constant spin-on-glass (SOG)
film, organic polymer film and so on have been proposed as
alternate interlevel insulating films with respective relative
dielectric conslants smaller than that of a silicon dioxide
film.

The relative diclectric constant of a fluorine-doped silicon
dioxide film 1s about 3.3 to aboutl 3.7, which is about 20
percent lower than that of a conventional silicon dioxide
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film. Nevertheless, a Hluorine-doped silicon dioxide film is
highly hygroscopic, and casily absorbs water in the air,
resulting in various problems in practice, For example, when
the fluorine-doped silicon dioxide film absorbs water, SiOH
groups, having a high relative dielectric constant, are intro-
duced into the film. As a result, the relative dielectric
conslant ol the Muorine-doped silicon dioxide film adversely
increases, or the SiOH groups react with the water during a
heat treatment to release H,O gas. In addition, fluorine free
radicals, contained in the fuorine-doped silicon dioxide
film, segregate near the surface thereof during a heat treat-
ment and react with Ti, contained in a TiN layer formed
thereon as an adhesion layer, to form a TiF film, which easily
peels off.

An HSQ (hydrogen silsesquioxane) film, composed of Si,
O and H atoms, is an exemplary low-diclectric-constant
SOG film. In the HSQ film, the number of the H atoms is
aboul two-thirds of that of the O atoms. However, the HSQ
film releases a larger amount of water than a conventional
silicon dioxide film. Accordingly, since it is difficult to form
a buried interconnection line in the HSQ film, a patterned
metal film should be formed as metal interconnects on the
HSQ film.

Also, since the HSQ film cannot adhere so strongly to
metal interconnects, a CVD oxide film should be formed
between the metal interconnects and the HSQ film to
improve the adhesion therebetween. However, in such a
case, il the CVD oxide film is l[ormed on the metal
interconnects, then the substantial line-to-line capacitance is
equal to the serial capacitance formed by the HSQ and CVD
films. This is because the CVD oxide film with a high
dielectric constant exists between the metal interconnects.
Accordingly, the resulting line-to-line capacitance is larger
as compared with using the HSQ film alone.

An organic polymer film, as well as the low-dielectric-
constant SOG film, cannot adhere strongly to metal
interconnects, either. Accordingly, a CVD oxide film should
be formed as an adhesion layer between the metal intercon-
necis and the organic polymer film, loo.

Moreover, an etch rate, at which an organic polymer film
is etched, is approximately equal to an ash rate, at which a
resist pattern is ashed with oxygen plasma. Accordingly, a
usual resist application process is not applicable in such a
situation, because the organic polymer film is likely to be
damaged during ashing and removing the resist pattern.
Therefore, a proposed alternate process includes: forming a
CVD oxide film on an organic polymer film; forming a resist
film on the CVD oxide film; and then etching the resist film
using the CVD oxide [ilm as an eich stopper, or a protective
film.

However, during the step of forming the CVD oxide film
on the organic polymer film, the surface of the organic
polymer film is exposed to a reactive gas containing oxygen.
Accordingly, the organic polymer film reacts with oxygen fo
take in polar groups such as carbonyl groups and ketone
groups. As a result, the relative dielectric constant of the
organic polymer film disadvantageously increases.

Also, in forming inlaid copper interconnects in the
organic polymer film, a TiN adhesion layer, [or example,
should be formed around wiring grooves formed in the
organic polymer film, because the organic polymer film
cannot adhere strongly to the metal interconnects. However,
since the TiN film has a high resistance, the cffective

S cross-sectional arca of the metal interconnects decreases.

Consequently, the intended effect attainable by the use of the
copper lines, i.e., reduction in resistance, would be lost.
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SUMMARY OF THE INVENTION

An object of the present invention is providing a method
for forming an interconnection structure in which an insu-
lating film with a low dielectric constant can be formed by
an ordinary resist application process.

A [irst method for forming an interconnection structure
according to the present invention includes the steps of: a)
forming a first insulating film over lower-level metal inter-
connects; b) forming a second insulating film, having a
different composition than that of the first insulating film,
over the first insulating film; ¢) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming
a thin film over the third insulating film; e) forming a first
resist pattern, having a plurality of openings for forming
wiring grooves, on the thin film; ) etching the thin film
using the first resist pattern as a mask, thereby forming a
mask pattern out of the thin film to have the openings for
forming wiring grooves; g) forming a second resist patlern,
having a plurality of openings [or forming contact holes, on
the third insulating film; h) dry-etching the third insulating
film under such conditions that the third insulating film and
the first and second resist patterns are etched at a relatively
high rate and that the sccond insulating film is etched at a
relatively low rate, thereby patterning the third insulating
film to have the openings [or forming contact holes and
removing the first and second resist patterns either entirely
or partially with respective lower parts thereof left; 1)
dry-etching the second insulating film using the patterned
third insulating film as a mask under such conditions that the
second insulating film is etched at a relatively high rate and
that the first and third insulating films ar¢ ctched at a
relatively low rale, thereby patterming the second insulating
film to have the openings for [orming contact holes; i)
dry-ctching the third and first insulating films using the mask
pattern and the patterned second insulating film as respective
masks under such conditions that the first and third insulat-
ing films are ctched at a relatively high rate and that the mask
pattern and the second insulating film are etched at a
relatively low rate, thereby forming wiring grooves and
contact holes in the third and first insulating films, respec-
tively; and k) filling in the wiring grooves and the contact
holes with a metal film, thereby forming upper-level metal
interconnects and contacts connecting the lower- and upper-
level metal interconnects together.

In the first method of the present invention, the third
insulating film is dry-etched under such conditions that the
third insulating film and the first and second resist patterns

arec ctched at a relatively high rate and that the second ;

insulating film is etched at a relatively low rate, thereby
patterning the third insulating film and removing the first
and second resist patterns in the step h). Accordingly, it is
not necessary to perform the step of ashing and removing the
first and sccond resist patterns with oxygen plasma. In other
words, since it is possible to prevent the third insulating film
from being damaged during ashing and removing a resist
pattern, a low-dielectric-constant insulating film, which
would otherwise be damaged easily by oxygen plasma, may
be used as the third insulating film. As a result, an interlevel
insulating film with a low dielectric constant can be formed
by an ordinary resist application process.

In addition, the second insulating film can be used as an
etch stopper while the wiring grooves are formed by dry-
ctching the third insulating film using the mask pattern as a
mask in the step j). Accordingly, the depth of each wiring
groove can be equalized with the thickness of the third
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insulating film. That is to say, the depth of the wiring
grooves can be defined by sclf-alignment.

Moreover, the composition of the second insulating film
is different from that of the third insulating film. Thus, the
second insulating film can be used as an etch stopper while
the wiring grooves are formed by dry-etching the third
insulating film using the mask pattern as a mask in the step
1)-

In one embodiment of the present invention, the first
method preferably further includes the step of forming a
metal adhesion layer over part of the third insulating film
exposed inside the wiring grooves and part of the first
insulating film exposed inside the contact holes between the
steps ) and k).

In such an embodiment, the adhesion between the upper-
level metal interconnecis and the third insulating film and
between the contacts and the first insulating film can be
improved.

In another embodiment of the present invention, the third
insulating [ilm is preferably mainly composed of an organic
component.

In such an embodiment, the conditions employed in the
step h), 1.e,, that the third insulating film and the first and
second resist patterns are etched at a relatively high rate and
that the second insulating film is etched at a relatively low
rate, are realized with much more certainty.

In this embodiment, the step ¢) preferably includes form-
ing the third insulating film by a CVD process using a
reactive gas containing perfluorodecalin.

Then, a film mainly composed of an organic component
and having a low relative dielectric constant can be formed
as the third insulating film with a lot more certainty.

In another embodiment, the first insulating film is also
preferably mainly composed of an organic component.

Then, the conditions employed in the step 1), i.e., that the
sccond insulating film is etched at a relatively high rate and
that the first and third insulating films are etched at a
relatively low rate, are realized with much more certainty. At
the same time, the conditions employed in the step j), ie.,
that the first and third insulating films are etched at a
relatively high rate and that the mask pattern and the second
insulating film are etched at a relatively low rate, are also
realized with much more certainty.

In an embodiment where the first and third insulating
films are both mainly composed of organic components, the
first method preferably further includes the step of forming
an adhesion layer over part of the third insulating film
exposed inside the wiring grooves and part ol the first
insulating film exposed inside the contact holes by a plasma
process using a reactive gas containing nitrogen between the
steps ) and k).

In such a case, the adhesion between the upper-level metal
interconnects and the third insulating film mainly composed
of an organic component, and between the contacts and the
first insulating film mainly composed of an organic compo-
nent can be improved substantially without fail.

In the embodiment where the first insulating film is
mainly composed of an organic component, the step a)
preferably includes forming the first insulating film by a
CVD process using a reactive gas containing perfluorodeca-
lin,

In such a case, a film mainly composed of an organic

5 component and having a low relative diclectric constant can

be formed as the first insulating film with a lot more
certainty.
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Asecond method for [orming an interconnection structure
according to the present invention includes the steps of: a)
forming a first insulating film over lower-level metal inter-
connects; b) forming a second insulating film, having a
different composition than that of the first insulating film,
over the first insulating film; ¢) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming
a thin film over the third insulating film; ¢) forming a first
resist pattern, having a plurality of openings for forming
wiring grooves, on the thin film; f) etching the thin film
using the first resist pattern as a mask, thereby forming a
mask pattern out of the thin film to have the openings f[or
forming wiring grooves; g) forming a second resist pattern,
having a plurality of openings for forming contact holes, on
the third insulating film; h) dry-etching the third insulating
film using the first and sccond resist patterns as a mask under
such conditions that the third insulating film is etched at a
relatively high rate and that the second insulating film and
the first and second resist patlerns are elched at a relatively
low rate, thereby patterning the third insulating film to have
the openings for forming contact holes; i) dry-ctching the
second insulating film using the first and sccond resist
patterns as a mask under such conditions that the second

insulating film is etched at a relatively high rate and that the .

first and third insulating films and the first and second resist
patterns are etched at a relatively low rate, thereby pattern-
ing the second insulating film to have the openings for
forming contact holes; j) removing the first and second resist
patterns; k) dry-ctching the third and first insulating films
using the mask pattern and the patterned second insulating
film as respective masks under such conditions that the first
and third insulating films are etched at a relatively high rate
and that the mask pattern and the second insulating film are
etched at a relatively low rate, thereby forming wiring
grooves and contact holes in the third and first insulating
films, respectively; and 1) filling in the wiring grooves and
the contact holes with a metal film, thereby forming upper-
level melal interconnects and contacts connecting the lower-
and upper-level metal interconnects together.

In the second method of the present invention, even if a
damaged layer is formed in respective parts of the first and
third insulating films that are exposed inside the openings
for forming contact holes in the sccond insulating film
during the step j) of removing the first and second resist
patterns, the damaged layer can be removed without fail in
the next step k). In this step, the third and first insulating
films are dry-etched using the mask pattern and the patterned
second insulating film as respective masks under such

conditions thal the first and third insulating films are etched .

at a relatively high rate and that the mask pattern and the
sccond insulating film arc etched at a relatively low rate,
thereby forming wiring grooves and contact holes in the
third and first insulating films, respectively. Accordingly,
low-dielectric-constant insulating films, which would oth-
erwise be damaged easily by oxygen plasma, can be used as
the first and third insulating films. As a resull, an interlevel
insulating film with a low dielectric constant can be formed
by an ordinary resist application process.

In one embodiment of the present invention, the third
insulating film is preferably a low-diclectric-constant SOG
film with a siloxane skeleton.

In such an embodiment, an interlevel insulating film with
a low dielectric conslant can be formed by an ordinary resist
application process.

A third method for forming an interconnection structure
according to the present invention includes the steps of: a)
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forming a first insulating film over lower-level metal inter-
connccts; b) forming a sccond insulating film, having a
different composition than that of the first insulating film,
over the first insulating film; ¢) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming
a fourth insulating film, having a different composition than
that of the third insulating film, over the third insulating film;
¢) forming a thin film over the fourth insulating film; f)
forming a first resist pattern on the thin film, the first resist
pattern having openings for forming wiring grooves; g)
etching the thin film using the first resist pattern as a mask,
thereby forming a mask pattern out of the thin film to have
the openings for forming wiring grooves; h) removing the
first resist pattern and then forming a second resist pattern on
the fourth insulating film and the mask pattern, the second
resist pattern having openings for forming contact holes; i)
dry-etching the fourth insulating film using the second resist
pattern and the mask pattern as a mask, thereby patterning
the fourth insulating film to have the openings for forming
contact holes; j) dry-etching the third insulating film using
the patterned fourth insulating film as a mask, thereby
patterning the third insulating film to have the openings for
forming contact holes; k) dry-ctching the patterned fourth
insulating film and the sccond insulating film using the mask
pattern and the patterned third insulating [ilm as respective
masks, thereby [orming wiring grooves in the patterned
fourth insulating film and patterning the second insulating
film to have the openings for forming contact holes; 1)
dry-eiching the patterned third insulating film and the first
insulating film using the mask pattern and the patterned
sccond insulating film as respective masks, thereby forming
the wiring grooves and the contact holes in the patterned
third insulating film and the first insulating film, respec-
tively; and m) filling in the wiring grooves and the contact
holes with a metal film, thereby forming upper-level metal
interconnects and contacts connecting the lower- and upper-
level metal interconnecets together.

In the third method of the present invention, the fourth
insulating film exists on the third insulating film during the
removal of the first resist pattern in the step h). Accordingly,
even if the first resist pattern is removed by oxygen plasma,
the third insulating film is not damaged. Also, the second
insulating [ilm exists on the first insulating film during
dry-etching the third insulating film in the step j).
Accordingly, the first insulating film is not damaged, either.
Thus, low-dielectric-constant insulating films, which would
otherwise be damaged casily by oxygen plasma or dry
etching, can be used as the first and third insulating films. As
a result, an interlevel insulating film with a low dielectric
constani can be formed by an ordinary resist application
process.

In one embodiment of the present invention, at least one
of the first and third insulating films is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant of
the interlevel insulating (ilm can be reduced.

In another embodiment of the present invention, a size of
the openings of the sccond resist pattern for forming contact
holes is preferably larger than a designed size of the contact
holes in a direction vertical to a direction in which the
upper-level metal interconnects extend.

In such an embodiment, even if the openings of the

5 sccond resist pattern for forming contact holes have mis-

aligned with the openings of the mask patiern for forming
wiring grooves, the openings of the patterned fourth insu-
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lating film for forming contact holes can be formed to be
sclf-aligned with the openings of the mask pattern for
forming wiring grooves. This is because the openings of the
patterned fourth insulating film for forming contact holes are
formed in respective regions where the openings of the
second resist pattern for forming contact holes overlap with
corresponding openings of the mask pattern for forming
wiring grooves. As a resull, the connection between the
contacts and the upper-level metal interconnects is ensured.

A fourth method for forming an interconnection structure
according (o the present invention includes the steps of: a)
forming a first insulating film over lower-level metal inter-
connects; b) forming a second insulating film, having a
different composition than that of the first insulating film,
over the first insulating film; ¢) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming
a thin film over the third insulating film; ¢) forming a first
resist pattern on the thin film, the first resist pattern having
openings for forming wiring grooves; f) etching the thin film
using the first resist pattern as a mask, thereby forming a
mask pattern out of the thin film to have the openings for
forming wiring grooves; g) removing the first resist pattern
and then forming a second resist pattern on the third insu-
lating film and the mask patlern, the second resist patlern
having openings for forming contact holes; h) dry-ctching
the third insulating film using the second resist pattern and
the mask pattern as a mask, thereby patterning the third
insulating film to have the openings for forming contact
holes; 1) dry-eiching the second insulating film using the
patterned third insulating film as a mask, thereby patterning
the second insulating film to have the openings for forming
contact holes; j) dry-etching the patterned third insulating
film and the first insulating film using the mask pattern and
the patterned sccond insulating film as respective masks,
thereby forming wiring grooves and contact holes in the
patierned third insulating film and the first insulating film,
respectively; and k) filling in the wiring grooves and the
contact holes with a metal film, thereby forming upper-level
metal interconnects and contacts connecting the lower- and
upper-level metal interconnects together.

In the fourth method of the present invention, the second
insulating film exists on the first insulating film during
dry-ctching the third insulating film in the step h).
Accordingly, the first insulating film is not damaged. Thus,
low-dielectric-constant insulating films, which would oth-
erwise be damaged easily by oxygen plasma or dry ctching,
can be used as the first and third insulating films. As a result,
an interlevel insulating film with a low dielectric constant
can be formed by an ordinary resist application process.

In one embodiment of the present invention, at least one
of the first and third insulating films is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant of
the interlevel insulating film can be reduced.

In another embodiment of the present invention, a size of
the openings of the second resist pattern for forming contact
holes is preferably larger than a designed size of the contact
holes in a direction vertical to a direction in which the
upper-level metal interconnects extend.

In such an embodiment, even if the openings of the
second resist pattern for forming contact holes have mis-
aligned with the openings of the mask pattern for forming
wiring grooves, the openings of the patterned third insulat-
ing film for forming contact holes can be formed to be
self-aligned with the openings ol the mask pattern for
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forming wiring grooves. This is because the openings of the
patterned third insulating film for forming contact holes arc
formed in respective regions where the openings of the
second resist pattern for forming contact holes overlap with
corresponding openings of the mask pattern for forming
wiring grooves. As a result, the connection between the
contacts and the upper-level metal interconnects is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) through 1(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the first embodiment of the
present invention.

FIGS. 2(a) through 2(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the first embodiment.

FIGS. 3(a) through 3(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the first embodiment.

FIGS. 4(a) through 4(c) are cross-sectional views illus-
trating problems caused by the misalignment of the second
resist pattern during the process of forming the interconnec-
tion structure of the first embodiment.

FIGS. 5(a) through 5(c) are cross-sectional views illus-
trating the problems caused by the misalignment of the
second resist pattern during the process of forming the
interconnection structure of the first embodiment.

FIGS. 6(a) through 6(c) arc cross-sectional views illus-
trating the problems caused by the misalignment of the
second resist pattern during the process of [orming the
interconnection structure of the first embodiment.

FIGS. 7(a) through 7(c¢) are cross-sectional views illus-
trating measures 1o solve the problems caused by the mis-
alignment of the second resist pattern during the process of
forming the interconnection structure of the first embodi-
ment.

FIGS. 8(a) through 8(c) are cross-sectional views illus-
trating the measures to solve the problems caused by the
misalignment of the second resisl pattern during the process
of forming the interconnection structure of the first embodi-
ment.

FIGS. 9(a) through 9(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the second embodiment of the
present invention.

FIGS. 10(a) through 10(¢) are cross-scctional views illus-
trating respective process steps for forming the interconnec-
tion structure of the second embodiment.

FIGS. 11(a) through 11(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the second embodiment.

FIGS. 12(a) through 12(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the third embodiment of the
present invention.

FIGS. 13(a) through 13(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the third embodiment.

FIGS. 14(a) through 14(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the third embodiment.

FIGS. 15(a) through 15(c) are cross-sectional views 25

s illustrating respective process steps for forming an intercon-

nection structure according to a modified example of the
third embodiment,
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FIGS. 16(a) through 16(d) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the modified example of the third embodi-
menl.

I'IGS. 17(a) through 17(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the modified example of the third embodi-
menl.

FIGS. 18(a) through 18(c) are cross-sectional views illus-
trating respeclive process steps for forming an interconnec-
tion structure according to the fourth embodiment of the
present invention.

FIGS. 19(a) through 19(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the fourth embodiment.

FIGS. 20(a) through 20(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the fourth embodiment.

FIGS. 21(a) through 21(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the fifth embodiment of the
present invention.

FIGS. 22(a) through 22(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the fifth embodiment.

FIGS. 23(a) through 23(d) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the fifth embodiment.

FIGS. 24(a) through 24(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to a modified example of the fifth
embodiment.

FIGS. 25(a) through 25(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure in the modified example of the fifth embodi-
ment.

FIGS. 26(a) through 26(d) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure in the modified example of the fifth embodi-
ment.

FIGS. 27(a) and 27(b) are perspective views illusirating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

FIGS. 28(a) and 28(b) are perspective views illustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

FIGS. 29(a) and 29(h) are perspeclive views illustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

FIGS. 30(a) through 30(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the sixth embodiment of the
presenl invention.

FIGS. 31(a) through 31(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the sixth embodiment.

FIGS. 32(a) through 32(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the sixth embodiment.

FIGS. 33(a) through 33(c) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to a modified example of the sixth
embodiment.

FIGS. 34(a) through 34(c) are cross-scctional views illus-
trating respective process steps for forming the interconnec-
tion structure in the modified example of the sixth embodi-
ment.
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FIGS. 35(a) through 35(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure in the modified example of the sixth embodi-
ment.

FIG. 36 is a plan view illustrating a positional relationship
between the openings of a mask pattern for forming wiring
grooves and the openings of a second resist patiern for
forming contact holes in the modified example of the fifth
embodiment.

FIG. 37(a) illustrates respective positional relationships
between the mask pattern and the sccond resist pattern and
between a first metal interconnect and an associated contact
in the modified example of the fifth embodiment; and

FIG. 37(b) illustrates respective positional relationships
between the mask pattern and the second resist pattern and
between a first metal interconnect and an associated contact
in the fifth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

EMBODIMENT 1

Hereinafter, an exemplary method for forming an inter-
connection structure according to the first embodiment of
the present invention will be described with reference to
FIGS. 1(a) through 1(c), FIGS. 2(a) through 2(c) and FIGS.
3(a) through 3(c).

First, as shown in FIG. 1(a), a silicon nitride film 102 is
formed over first metal interconnects 101 formed on a
semiconductor substrate 100, The silicon nitride lilm 102 is
formed to be 50 nm thick, for example, and used to protect
the first metal interconnects 101 during a subsequent etching
process step. Thereafter, a first organic film 103 (first in 25
sulating film), mainly composed of an organic component, is
formed to be 1 um thick, for example, on the silicon nitride
film 102. Next, an organic-containing silicon dioxide film
104 (second insulating film), contlaining an organic compo-
nent in silicon dioxide, is formed to be 50 nm thick, for
example, on the first organic film 103. Then, a second
organic film 105 (third insulating film), mainly composed of
an organic component, is formed to be 400 nm thick, for
example, on the organic-containing silicon dioxide film 104.
And a titanium nitride film 106 is formed to be 50 nm thick,
for example, on the second organic film 105.

The first and second organic films 103 and 105 may be
deposited by any arbitrary technique. For example, these
films 103 and 105 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perfluo-
rodecalin. Also, hydrocarbon films or [uorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CVD, may be used as the first and second organic
films 103 and 105.

Moreover, the first organic film 103 may be deposited by
a plasma CVD process using a reactive gas mainly com-
posed of perfluorodecalin and organic silane such as hex-
amethyl disiloxane, arylalkoxy silane or alkylalkoxy silane.
In such a case, an organic/inorganic hybrid film can be
obtained.

Similarly, the organic-containing silicon dioxide film 104
may also be deposited by any arbitrary technique. For
instance, the film 104 may be deposited by a CVD process
using a reactive gas mainly composed of phenyltrimethoxy
silane. In such a case, an organic-containing silicon dioxide

5 film 104, having a structure in which a phenyl group bonded

io a silicon atom is mitroduced into silicon dioxide, can be
obtained.
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It should be noted that a thin film showing high eich
sclectivity with respect to the first and second organic films
103 and 105 and the organic-containing silicon dioxide film
104, i.c., a film etched at a sufficiently low rate (e.g., silicon
nitride film), may be used instead of the titanium nitride film
106.

Next, as shown in FIG. 1(b), a first resist pattern 107,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 106. Thereafter, the
titanium nitride film 106 is dry-etched using the first resist
pattern 107 as a mask, thereby forming a mask pattern 108
out of the titanium nitride film 106 as shown in FIG. 1(c).

Subsequently, a second resist pattern 109, having open-
ings for forming contact holes, is formed by lithography on
the second organic film 105 without removing the first resist
pattern 107. Then, the second organic film 105 is dry-etched,
thereby forming a patterned second organic film 105A
having the openings for forming contact holes as shown in
FIG. 2(a). In this case, since the second organic film 105 and
the first and second resist patterns 107 and 109 are all mainly
composed of organic components, the second organic film
105 is ctched at a substantially equal rate to that of the first
and second resist patterns 107 and 109. Thus, when the
second organic film 105 is dry-etched, the first and second
resist patterns 107 and 109 are also removed simultaneously.

It should be noted that part of the second resist pattern 109
may be left in the process step of dry-etching the second
organic film 105. This is because the residual second resist
pattern 109 can be removed during a subsequent process
step of forming wiring grooves 111 in the patterned second
organic film 105A (see FIG. 2(c)).

Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as
a mask, thereby forming a patterned organic-containing
silicon dioxide film 104A having the openings for forming
contact holes as shown in FIG. 2(b). In this process step, by
selecting such etching conditions that the organic-containing
silicon dioxide film 104 is eiched at a rate higher than that
ol the patterned second organic film 105A, it is possible to
prevent the patterned second organic film 105A from being
erroneously etched.

Next, the patterned second organic film 105A is dry-
etched using the mask pattern 108 as a mask, thereby
forming the wiring grooves 111 in the patterned second
organic film 105A as shown in FIG. 2(c). At the same time,
the first organic film 103 is also dry-ctched using the
patterned organic-containing silicon dioxide film 104A as a
mask, thereby forming a patierned first organic lilm 103A
having the contact holes as shown in FIG. 2(c).

Subsequently, the silicon nitride film 102 is dry-etched
using the patterned organic-containing silicon dioxide film
104A as a mask, thereby forming a patterned silicon nifride
film 102A and exposing the first metal interconnects 101
within the contact holes 110 as shown in FIG. 3(a).

Then, as shown in FIG. 3(b), an adhesion layer 112, made
of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 110 and the
wiring grooves 111, Therealter, a metal film 113 is deposited
over the entire surface of the substrate to completely fill in
the contact holes 110 and the wiring grooves 111. In this
embodiment, the metal film 113 may be made of any
arbitrary metal. For example, copper, aluminum, gold,
silver, nickel, cobalt, tungsten, or an alloy thercof may be
used. Also, the metal film 113 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputiering
may be employed.
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Finally, as shown in FIG. 3(c), respective portions of the
adhcsion layer 112, the metal film 113 and the mask pattern
108, which are deposited on the patterned second organic
film 105A, are removed by a CMP technique, for example.
As a result, second metal interconnects 114 and contacls
115, conneeting the first and second metal interconnects 101
and 114, are formed out of the metal film 113.

[t should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal inlerconnects 114
through the same process steps as those described above.

In the first embodiment, the organic-containing silicon
dioxide film 104 is formed by a CVD process using a
reaclive gas mainly composed of phenyltrimethoxy silane.
Accordingly, the film 104 has a structure in which a phenyl
group (i.e., an exemplary organic group), bonded to a silicon
atom, 1s introduced into silicon dioxide. Thus, the film 104
can be processed as well as a conventional CVD oxide film,
and the relative dielectric constant of the film 104 is as low
as that of the conventional CVD oxide film. In addition, the
film 104 can adhere strongly to organic film, oxide film and
metal film.

After the mask pattern 108 has been formed out of the
titanium nitride film 106, the second resist pattern 109 is
formed without removing the first resist pattern 107, and the
first and second resist patterns 107 and 109 are removed
while the second organic film 105 is dry-etched. Thus, it is
no longer necessary to ash and remove the first and second
resist patterns 107 and 109 with oxygen plasma. That is to
say, it is possible to prevent the second organic film 1035
from being damaged during the step of ashing and removing
a resist pattern. Accordingly, although the second organic
film 105 with a low relative dielectric constant is used as an
interlevel insulating film, an ordinary resist application
process is applicable to this embodiment.

Moreover, the wiring grooves 111 are formed by dry-
eiching the patterned second organic film 105A using the
mask pattern 108 as a mask and using the patterned organic-
containing silicon dioxide film 104A as an ctch stopper.
Accordingly, the depth of the wiring grooves 111 matches
with the thickness of the sccond organic film 105, That is to
say, the depth of the wiring grooves 111 can be defined by
self-alignment.

Hereinafter, problems caused by the misalignment of the
second resist pattern 109 with the first resist pattern 107 and
the measured taken to solve the problems will be described.

First, it will be described with reference to FIGS. 4(a)
through 4(c), FIGS. 5(a) through 5(c) and FIGS. 6(a)
through 6(c) what problems are caused if the second resist
pattern 109 has misaligned.

As in the first embodiment, a silicon nitride film 102 is
first formed to be 50 nm thick, for example, over first metal
interconneets 101 formed on a semiconductor substrate 100
as shown in FIG. 4(a). Thereafter, a first organic film 103,
mainly composed of an organic component, is formed to be
1 um thick, for example, on the silicon nitride film 102.

Next, an organic-containing silicon dioxide film 104,
conlaining an organic componenl in silicon dioxide, is
formed to be 50 nm thick, for example, on the first organic
film 103. Then, a second organic film 105, mainly composed
of an organic component, is formed to be 400 nm thick, for
example, on the organic-containing silicon dioxide film 104.
And a titanium nitride film 106 is formed to be 50 nm thick,

s for example, on the second organic film 105.

Next, as shown in FIG. 4(b), a first resist pattern 107,
having openings for forming wiring grooves, is formed on
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the titanium nitride film 106. Therealier, the titanium nitride
film 106 is dry-ctched using the first resist pattern 107 as a
mask, thereby forming a mask pattern 108 out of the
titanium nitride film 106 as shown in FIG. 4(c).

Subscquently, a second resist pattern 109, having open-
ings for forming contact holes, is formed on the second
organic film 105 without removing the first resist pattern
107. As can be seen if FIGS. 5(a) and 1(c) are compared with
cach other, the second resist pattern 109 has misaligned with
the first resist pattern 107 in this case.

Then, the second organic film 105 is dry-ciched, thereby
forming a patterned second organic film 105A having the
openings [or [orming contact holes as shown in IIG. 5(a).
As in the first embodiment, since the second organic film
105 and the first and second resist patterns 107 and 109 are
all mainly composed of organic components, the first and
second resist patierns 107 and 109 are removed simulta-
neously with the dry-etching of the second organic film 105.
In this case, since the second resist pattern 109 has mis-
aligned with the first resist pattern 107, the diameter of the
openings for forming contact holes, which are provided in
the second organic film 105A, is smaller than desired.

Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as
a mask, thereby forming a patterned organic-containing
silicon dioxide film 104A having the openings for forming
contact holes as shown in FIG. 5(c).

Next, the patterned second organic film 105A is dry-
ctched using the mask pattern 108 as a mask, thereby
forming the wiring grooves 111 in the patterned second
organic film 105A as shown in FIG. 6(a). At the same lime,
the first organic film 103 is also dry-etched using the
patterned organic-containing silicon dioxide film 104A as a
mask, thereby forming a patterned first organic film 103A
having the contact holes 110 as shown in FIG. 6(a).
Subsequently, the silicon nitride film 102 is dry-ctched using
the patlerned organic-containing silicon dioxide film 104A
as a mask, thereby forming a patterned silicon nitride Lilm
102A and exposing the first metal interconnects 101 within
the contact holes 110 as shown in FIG. 6(b).

Then, an adhesion layer 112, made of titanium nitride, is
deposited to be 50 nm thick, for example, on the wall faces
of the contact holes 110 and the wiring grooves 111.
Thereafter, a metal film is deposited over the entire surface
of the substrate and respective portions of the adhesion layer
112, the metal film and the mask pattern 108, which are
deposited on the patterned second organic film 105A, are
removed by a CMP technique, for example. As a resull,

second metal interconnects 114 are certainly formed.

However, since the diameter of the contact holes 110 is
smaller than desired, the contact holes 110 cannot be com-
pletely filled in with the metal film, and the first and second
metal interconnects 101 and 112 cannot be connected to
each other, resulting in a contfact failure,

Next, it will be described with reference to TIGS. 7(a)
through 7(c) and FIGS. 8(a) through 8(c) what measures
should be taken to solve the problems caused by the mis-
alignment of the second resist pattern 109,

First, a second resist pattern 109, having openings for
forming contact holes, is formed through the same process
steps as those described with reference to FIGS. 4(a)
through 4(c) and FIG. 5(a). In this case, the second resist
pattern 109 has also misaligned with the firsl resist pattern
107 (see FIG. 5(a)).

Thus, as shown in FIG. 7(a), the first resist pattern 107
and the mask pattern 108 are dry-etched using the second
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resist pattern 109 as a mask. In this manner, portions of the
first resist pattern 107, not overlapping with the second resist
pattern 109, are removed and each opening of the mask
pattern 108 is expanded to be equal to or larger than each
opening lor forming wiring grooves or each opening for
forming contact holes. As a result, the pattern for the
openings ol the second resist pattern for forming contact
holes 109 can be transferred to the first resist pattern 107 and
the mask pattern 108.

Then, the second organic film 105 is dry-elched, thereby
forming a patterned second organic film 105A having the
openings for forming contact holes as shown in FIG. 7(). In
this case, since the second organic film 105 and the first and
second resist patterns 107 and 109 are all mainly composed
of organic components, the first and second resist patterns
107 and 109 are removed simultancously with the dry-
etching of the second organic film 105,

Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as
a mask, thereby forming a patterned organic-containing
silicon dioxide film 104A having the openings for forming
contact holes as shown in FIG. 7(c).

As described above, the second resist pattern 109 has
misaligned with the first resist pattern 107. However, in this
casc, the pattern for the openings of the second resist pattern
for forming contact holes 109 has been successtully trans-
ferred to the first resist pattern 107 and the mask pattern 108.
Thus, the diameter of the openings for forming contact
holes, which have been formed in the patterned second
organic film 105A and the patterned organic-containing
silicon dioxide film 104A, is a predetermined size.

Next, the patterned second organic film 105A is dry-
etched using the mask pattern 108 as a mask, thereby
forming the wiring grooves 111 in the patterned second
organic film 105A as shown in FIG. 8(a). At the same time,
the first organic film 103 is also dry-ctched using the
patterned organic-conlaining silicon dioxide film 104A as a
mask, thereby forming a patterned first organic film 103A
having the contact holes 110 as shown in FIG. 8(a).
Subsequently, the silicon nitride film 102 is dry-etched using
the patterned organic-containing silicon dioxide film 104A
as a mask, thereby forming a patterned silicon nitride film
102A and exposing the first metal interconnects 101 within
the contact holes 110 as shown in FIG. 8(b).

Then, an adhesion layer 112, made of titanium nitride, 1s
deposited to be 50 nm thick, for example, on the wall faces
of the contact holes 110 and the wiring grooves 111.
Therealter, a metal film is deposited over the entire surface
ol the substrate and respective portions of the adhesion layer
112, the metal film and the mask pattern 108, which are
deposited on the patterned second organic film 103A, are
removed by a CMP technique, for example. As a result,
second metal interconnects 114 and contacts 115 are formed
out of the titanium nitride film 112 and the metal film as
shown in FIG. 8(c).

EMBODIMENT 2

Next, an exemplary method for forming an interconnec-
tion structure according to the second embodiment of the
present invention will be described with reference to FIGS.
9(a) through 9(c), FIGS. 10(a) through 10(c) and FIGS.
11(a) through 11(c).

First, as shown in FIG. 9(a), a silicon nitride film 202 is

s formed to be 50 nm thick, for example, over first metal

interconnects 201 formed on a semiconductor substrate 200,
Therealter, a first organic film 203 (first insulating film),
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mainly composed of an organic component, is formed lo be
1 um thick, for example, on the silicon nitride film 202.
Next, an organic-containing silicon dioxide film 204 (second
insulating film), containing an organic component in silicon
dioxide, is formed to be 50 nm thick, for example, on the
first organic film 203. Then, a second organic film 205 (third
insulating film), mainly composed of an organic component,
is formed to be 400 nm thick, for example, on the organic-
containing silicon dioxide film 204. And a titanium nitride
film 206 is formed to be 50 nm thick, for example, on the
second organic film 205.

The first and second organic films 203 and 205 may be
deposited by any arbitrary technique. For example, these
films 203 and 205 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perfluo-
rodecalin. Also, hydrocarbon films or fluorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CVD, may be used as the first and second organic
films 203 and 205.

Similarly, the organic-containing silicon dioxide film 204
may also be deposited by any arbitrary technique. For
instance, the film 204 may be deposited by a CVD) process
using a reactive gas mainly composed of phenyltrimethoxy
silane,

It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic films
203 and 205 and the organic-containing silicon dioxide film
204, i.c., a film etched at a sufficiently low rate (e.g., silicon
nitride film), may be used instead of the titanium nitride film
206.

Next, as shown in FIG. 9(b), a first resist patiern 207,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 206. Thereafter, the
titanium nitride film 206 is dry-etched using the first resist
pattern 207 as a mask, thereby forming a mask pattern 208
out of the titanium nitride film 206 as shown in FIG. 9(c).

Subsequently, a second resist pattern 209, having open-
ings for forming contact holes, is formed by lithography on
the second organic film 205 without removing the first resist
pattern 207. Then, the second organic film 205 is dry-etched,
thereby forming a patterned second organic film 205A
having the openings for forming contact holes as shown in
FIG. 10(a). In this case, since the second organic film 205
and the first and second resist patterns 207 and 209 are all
mainly composed of organic components, the second
organic film 205 is ctched at a rate substantially equal to that
of the first and second resist patterns 207 and 209.
Accordingly, when the second organic film 205 is dry-

etched, the first and second resist patterns 207 and 209 are -

also removed simultaneously.

If the second resist pattern 209 may have been misaligned
with the first resist pattern 207, then the [(irst resist pattern
207 and the mask pattern 208 should be dry-etched using the
second resist pattern 209 as a mask. In this manner, parts of
the first resist pattern 207, not overlapping with the second
resist pattern 209, are removed and the openings of the mask
pattern 208 are expanded to be equal to or larger than the
openings for forming wiring grooves and contact holes as
described in the first embodiment.

Then, the organic-containing silicon dioxide film 204 is
dry-etched using the patterned second organic film 205A as
a mask, thereby forming a patterned organic-containing
silicon dioxide film 204A having the openings for forming
contact holes as shown in FIG. 10(b). Next, the patterned
second organic film 205A is dry-elched using the mask
pattern 208 as a mask, thereby forming the wiring grooves
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211 in the patterned second organic film 205A as shown in
FIG. 10(c). At the same time, the first organic film 203 is
also dry-etched using the patterned organic-containing sili-
con dioxide film 204A as a mask, thereby forming a pat-
terned first organic film 203A having the contact holes 210
as also shown in FIG. 10(c).

Subsequently, the silicon nitride film 202 is dry-eiched
using the patterned organic-containing silicon dioxide film
204A as a mask, thereby forming a patterned silicon nitride
film 202A and exposing the first metal interconnects 201
within the contact holes 210 as shown in FIG. 11{a).

Then, the patterned first and second organic films 203A
and 205A are subjected to plasma processing using ammo-
nium gas. As a result, as shown in FIG. 11(b), an adhesion
layer 212, including amino and amide groups, is deposited
on the wall faces of the patterned first organic film 203A
exposed inside the contact holes 210 and on the wall [aces
of the patterned second organic film 205A exposed inside the
wiring grooves 211. Thereafter, a metal film 213 is deposited
over the entire surface of the substrate to completely fill in
the contact holes 210 and the wiring grooves 211. In this
embodiment, the metal film 213 may be made of any
arbitrary metal. For example, copper, aluminum, gold,
silver, nickel, cobalt, tungsten, or an alloy thereof may be
used. Also, the metal film 213 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputtering
may be employed.

Finally, as shown in FIG. 11(c), respective portions of the
metal film 213 and the mask pattern 208, which are depos-
ited on the patterned second organic film 205A, are removed
by a CMP technique, for example. As a result, second metal
interconnects 214 and contacts 215 are formed out of the
metal film 213.

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnccts 214
through the same process steps as those described above.

EMBODIMENT 3

Next, an exemplary method lor forming an interconnec-
tion structure according to the third embodiment of the
present invention will be described with relerence to FIGS.
12(a) through 12(c), FIGS. 13(a) through 13(c) and FIGS.
14(a) through 14(c).

First, as shown in FIG. 12(a), a silicon nitride film 302 is
formed over first metal interconnects 301 formed on a
semiconductor substrate 300. The silicon nitride film 302 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 301 during a subsequent etching
process step. Thereafter, a [irst organic-containing silicon
dioxide film 303 (first insulating film), conlaining an organic
component in silicon dioxide, is formed to be 1 gm thick, for
example, on the silicon nitride film 302. Next, a low-
dielectric-constant SOG film 304 (second insulating film),
having a siloxane skeleton, is deposited to be 400 nm thick,
for example, on the first organic-containing silicon dioxide
film 303. Then, a second organic-containing silicon dioxide
film 305 (third insulating film), containing an organic com-
ponent in silicon dioxide, is formed to be 50 nm thick, for
example, on the low-dielectric-constant SOG film 304. And
a titanium nitride film 306 is formed to be 50 nm thick, for
example, on the second organic-containing silicon dioxide
film 305.

The first and second organic-containing silicon dioxide
films 303 and 305 may be deposited by any arbitrary
technique. For example, these films 303 and 305 may be
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deposited by a CVD process using a reactive gas mainly
composed of phenyltrimethoxy silane. Also, an HSQ film
may be used as the low-diclectric-constant SOG film 304
with a siloxane skeleton.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic-
containing silicon dioxide films 303 and 305 and the low-
dielectric-constant SOG film 304, 1.e., a film etched al a
sufficiently low rate (e.g., silicon nitride film), may be used
instead of the titanium nitride film 306.

Next, as shown in FIG. 12(b), a first resist pattern 307,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 306. Therealter, the
titanium nitride film 306 is dry-etched using the first resist
pattern 307 as a mask, thereby forming a mask pattern 308
out of the titanium nitride film 306 as shown in FIG. 12(c).

Subsequently, as shown in FIG. 13(a), the first resist
pattern 307 is removed and then a second resist pattern 309,
having openings for forming contact holes, is formed on the
second organic-containing silicon dioxide film 305. Then,
the second organic-containing silicon dioxide (ilm 305, the
low-dielectric-constant SOG film 304 and the first organic-
containing silicon dioxide film 303 are sequentially dry-
etched using the second resist pattern 309 as a mask. As a

result, a patterned second organic-containing silicon dioxide .

film 305A, a patterned low-diclectric-constant SOG film
304A and a patierned first organic-containing silicon dioxide
film 303 A having contact holes 310 are formed as shown in
FIG. 13(b).

Next, as shown in FIG. 13(c), the second resist patlern
309 is removed and the patlerned second organic-containing
silicon dioxide film 305A is dry-ctched using the mask
pattern 308 as a mask, thereby forming openings for forming
wiring grooves in the patterned second organic-containing
silicon dioxide film 305A. Thereafter, the patterned low-
dielectric-constant SOG film 304A is dry-ctched using the
mask pattern 308 and the patterned second organic-
containing silicon dioxide film 305A having the openings [or
wiring grooves as a mask, thereby forming the wiring
grooves 311. In forming the wiring grooves 311, by selecting
such etching conditions that the first organic-containing
silicon dioxide film 303A is etched at a rate sufliciently
lower than that of the low-diclectric-constant SOG film
304A, sufficient selectivity can be secured for the patterned
first organic-containing silicon dioxide film 303A.
Accordingly, the depth of the wiring grooves 311 can be
determined univalently at the sum of the thicknesses of the
second organic-containing silicon dioxide film 305 and the
low-dielectric-constant SOG film 304,

If the second resist pattern 309 may have been misaligned s

with the first resist patiern 307, the mask pattern 308 should
be dry-etched using the second resist patlern 309 as a mask
before the second organic-containing silicon dioxide film
305 is dry-efched using the second resist pattern 309 as a
mask. That is to say, if the mask pattern 308 is partially
exposed inside the openings of the second resist pattern 309
for forming contact holes because of the misalignment of the
second resist pattern 309 with the first resist pattern 307,
then the mask pattern 308 is dry-etched using the second
resist pattern 309 as a mask. In this manner, the openings of
the mask pattern 308 arc expanded to include the openings
for forming wiring grooves and contact holes.
Subsequently, the silicon nitride film 302 is dry-etched
using the patterned first organic-containing silicon dioxide
film 303A as a mask, thereby forming a patterned silicon
nitride film 302A and exposing the first metal interconnects
301 within the contact holes 310 as shown in FIG. 14(a).
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Then, as shown in FIG. 14(b), an adhesion layer 312,
made of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 310 and the
wiring grooves 311. Thereafter, a metal film 313 is deposited
over Lhe entire surface of the substrate o completely fill in
the contact holes 310 and the wiring grooves 311. In this
embodiment, the metal film 313 may be made of any
arbitrary metal. For example, copper, aluminum, gold,
silver, nickel, cobalt, tungsten, or an alloy thercof may be
used. Also, the metal film 313 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputtering
may be employed.

Finally, as shown in FIG. 14(c), respective portions of the
adhesion layer 312, the metal film 313 and the mask pattern
308, which are deposited on the patterned second organic-
containing silicon dioxide film 305A, are removed by a
CMP technique, for example. As a result, second metal
interconnects 314 and contacts 315, connecting the first and
second metal interconnects 301 and 314, are formed out of
the metal film 313.

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnccts 314
through the same process steps as those described above.

In the third embodiment, while the first resist pattern 307
is ashed and removed with oxygen plasma, the low-
dielectric-constant SOG film 304 is not exposed to the
oxygen plasma, because the second organic-containing sili-
con dioxide film 305 exists on the low-diclectric-constant
SOG film 304,

Also, in this embodiment, after the second organic-
containing silicon dioxide film 305, the low-dielectric-
constant SOG film 304 and the first organic-containing
silicon dioxide film 303 have been sequentially dry-etched
using the second resist pattern 309 as a mask, the second
resist pattern 309 is ashed and removed with oxygen plasma.
Accordingly, the regions ol the patterned low-dielectric-
constani SOG film 304A, which are exposed inside the
openings for forming contact holes, are exposed (o oxygen
plasma and damaged. However, the damaged layer, formed
in the patterned low-dielectric-constant SOG film 304A, can
be removed when the wiring grooves 311 are formed in the
patterned low-dielectric-constant SOG film 304A, and does
not have harmful effects on subsequent process steps.

Accordingly, the low-diclectric-constant SOG film 304
may be made of a material degradable with oxygen plasma.
For example, in general, if an HSQ film is exposed to
oxygen plasma, the Si—I1 bonds thereol are oxidized and
the content of water and the relative dielectric constant
thereof both increase to deteriorate the reliability and per-
formance of the device. However, according to the third
embodiment, the patterned low-diclectric-constant SOG
film 304A, in which the wiring grooves 311 have already
been formed, is not affected by oxygen plasma. Thus, even
il an TISQ film is used as an interlevel insulating film, the
deterioration in reliability and performance of the device can
be avoided.

MODIFIED EXAMPLE OF EMBODIMENT 3
Next, an exemplary method for forming an interconnec-
tion structure according to a modified example of the third

embodiment of the present invention will be described with
reference to FIGS. 15(a) through 15(c), FIGS. 16(a) through

s 16(¢) and FIGS. 17(a) through 17(c).

First, as shown in FIG. 15(a), a silicon nitride film 352 is
formed over first metal interconnects 351 formed on a
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semiconductor substrate 350, The silicon nitride film 352 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 351 during a subsequent eiching
process step. Thereafter, a first silicon dioxide film 353 (first
insulating film) is formed to be 1 gm thick, for example, on
the silicon nitride film 352. Next, an organic film 354
(second insulating film) is deposited 1o be 400 nm thick, for
example, on the first silicon dioxide film 353. Then, a second
silicon dioxide film 355 (third insulating film) is formed to
be 50 nm thick, for example, on the organic film 354. And
a titanium nitride film 356 is formed to be 50 nm thick, for
example, on the second silicon dioxide film 355.

The first and second silicon dioxide films 333 and 355
may be deposited by any arbitrary technique. For example,
these films 353 and 355 may be deposited by a CVD process
using a reactlive gas mainly composed of phenylirimethoxy
silane.

It should be noted that a thin film showing high cich
selectivity with respect to the first and second silicon dioxide
films 353 and 355 and the organic film 354, i.e., a film etched
at a sufliciently low rate (e.g., silicon nitride film), may be
used instead of the titanium nitride film 356.

Next, as shown in FIG. 15(b), a first resist pattern 357,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 356. Thereafter, the
titanium nitride film 356 is dry-ctched using the first resist
pattern 357 as a mask, thereby forming a mask pattern 358
out of the titanium nitride film 356 as shown in FIG. 15(c).

Subsequently, as shown in FIG. 16(a), the first resist
pattern 357 is removed and then a second resist pattern 359,
having openings for forming contact holes, is formed on the
second silicon dioxide film 355. Then, the second silicon
dioxide film 355 and the organic film 354 are sequentially
dry-etched using the second resist pattern 359 as a mask,
thereby forming a patterned second silicon dioxide film
355A and a patterned organic film 354A having openings
360 for forming contact holes as shown in FIG. 16(b). In this
case, the second resist pattern 359 is removed during the step
ol etching the organic film 354.

Next, as shown in FIG. 16(c), the first silicon dioxide film
353 is dry-etched using the patterned second silicon dioxide
film 355A and the patterned organic film 354A as a mask,
thereby forming a patterned first silicon dioxide film 353A
having contact holes 361. In this etching process step, the
mask pattern 358 is transferred to the patlerned second
silicon dioxide film 355A. Accordingly, openings for form-
ing wiring grooves are formed in the patierned second
silicon dioxide film 355A.

Thereatter, as shown in FIG. 16(d), the patterned organic s

film 354 A is dry-etched using the mask pattern 358 and the
patterned second silicon dioxide film 355A having the
openings for forming wiring grooves as a mask, thereby
forming the wiring grooves 362. In forming the wiring
grooves 362, by selecting such etching conditions that the
first silicon dioxide film 353A is etched at a rate sufficiently
lower than that of the organic film 354A, sufficient selec-
tivity can be secured for the patterned first silicon dioxide
film 353 A. Accordingly, the depth of the wiring grooves 362
can be determined univalently at the sum of the thicknesses
of the second silicon dioxide film 355 and the organic film
354

If the second resist pattern 359 may have been misaligned
with the first resist pattern 357, then the mask pattern 358
should be dry-ctched using the second resist pattern 359 as
a mask before the second silicon dioxide film 355 is dry-
¢lched using the second resist pattern 359 as a mask. That is
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to say, if the mask pattern 358 is partially exposed inside the
openings of the second resist pattern 359 for forming contact
holes because of the misalignment of the second resist
pattern 359 with the first resist pattern 357, then the mask
pattern 358 is dry-ciched using the second resist pattern 359
as a mask. In this manner, the openings of the mask pattern
358 are expanded to include the openings for forming wiring
grooves and contact holes.

Subsequently, the silicon nitride film 352 is dry-ctched
using the patterned first silicon dioxide [ilm 353A as a mask,
thereby forming a patlerned silicon nitride [ilm 352A and
exposing the first metal interconnects 351 within the contact
holes 361 as shown in FIG. 17(a).

Then, as shown in FIG. 17(b), an adhesion layer 363,
made of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 361 and the
wiring grooves 362. Therealter, a metal film 364 is deposited
over the entire surface of the substrate to completely fill in
the contact holes 361 and the wiring grooves 362. In this
embodiment, the metal film 364 may be made of any
arbitrary metal. For example, copper, aluminum, gold,
silver, nickel, cobalt, tungsten, or an alloy thercof may be
used. Also, the metal film 364 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputtering
may be employed.

Finally, as shown in FIG. 17(c), respective portions of the
adhesion layer 363, the metal film 364 and the mask pattern
358, which are deposited on the patterned second silicon
dioxide film 355A, are removed by a CMP technique, for
example. As a result, second metal interconnects 365 and
contacts 366, connecting the first and second metal inter-
connects 351 and 365, are formed out of the metal film 364.

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 365
through the same process steps as those described above.

In this modified example of the third embodiment, while
the first resist pattern 357 is ashed and removed by oxvgen
plasma, the organic film 354 is not exposed to the oxygen
plasma, because the second silicon dioxide film 355 exists
on the organic film 354.

Also, in this example, the second resist pattern 359 is
removed while the second silicon dioxide film 355 and the
organic film 354 are dry-etched using the second resist
pattern 359 as a mask. Accordingly, since there 1s no need to
ash and remove the second resist pattern 359 with oxygen
plasma, the organic film 354 is not exposed to oxygen
plasma.

EMBODIMENT 4

Next, an exemplary method for forming an interconnec-
tion structure according to the fourth embodiment of the
present invention will be described with reference to FIGS,
18(a) through 18(c), FIGS. 19(a) through 19(c) and FIGS.
20(a) through 20(c).

First, as shown in FIG. 18(a), a silicon nitride film 402 is
formed over first metal interconnects 401 formed on a
semiconductor substrate 400. The silicon nitride film 402 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 401 during a subsequent etching
process step. Thereafter, a first low-dielectric-constant SOG
film 403 (first insulating film), having a siloxane skeleton, is
formed to be 1 um thick, for example, on the silicon nitride

s film 402. Next, an organic-containing silicon dioxide film

404 (second insulating film), containing an organic compo-
nent in silicon dioxide, 1s deposited to be 50 nm thick, for
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example, on the first low-dielectric-constant SOG film 403,
Then, a sccond low-diclectric-constant SOG film 405 (third
insulating film), having a siloxane skeleton, is formed to be
400 nm thick, for example, on the organic-containing silicon
dioxide film 404. And a titanium nitride film 406 is formed
to be 50 nm thick, for example, on the second low-dielectric-
constant SOG film 405.

The first and second low-diclectric-constant SOG films
403 and 405 may be HSQ films, for example. The organic-
containing silicon dioxide film 404 may be deposited by any
arbitrary technique. For example, the film 404 may be
deposited by a CVD process using a reactive gas mainly
composed of phenyltrimethoxy silane. Then, an organic-
containing silicon dioxide film 404, having a structure in
which a phenyl group bonded 1o a silicon atom is introduced
into silicon dioxide, can be oblained.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second low-dielectric-
constant SOG films 403 and 405 and the organic-containing
silicon dioxide film 404, i.e., a film etched at a sufficiently
low rate (e.g., silicon nitride film), may be used instead of
the titanium nitride film 406.

Next, as shown in FIG. 18(b), a first resist pattern 407,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 406. Thereafter, the
titanium nitride film 406 is dry-ctched using the first resist
pattern 407 as a mask, thereby forming a mask patiern 408
out of the titanium nitride film 406 as shown in FIG. 18(c).

Subsequently, a second resist pattern 409, having open-
ings for forming contact holes, is formed by lithography on
the second low-dielectric-constant SOG film 405 without
removing the first resist pattern 407. Then, the second
low-dielectric-constant SOG film 405 and the organic-
containing silicon dioxide film 404 are sequentially dry-
etched using the second resist pattern 409 as a mask, thereby
forming a patterned second low-diclectric-constant SOG
film 405A and a palterned organic-containing silicon dioxide
film 404A as shown in FIG. 19(a).

Next, the first and second resist patterns 407 and 409 are
ashed and removed with oxygen plasma. As a result, a
damaged layer 410 is unintentionally formed in respective
portions of the patterned second low-diclectric-constant
SOG film 405A and the first low-dielectric-constant SOG
film 403, which are exposed inside the openings for forming
conlact holes, as shown in FIG. 19(b).

Then, the patterned second low-diclectric-constant SOG
film 405A is dry-ctched using the mask pattern 408 as a
mask, thereby [orming wiring grooves 412 in the patterned

second low-dielectric-constant SOG [ilm 405A as shown in s

I1G. 19(c). At the same time, the first low-dielectric-
constant SOG film 403 is dry-etched using the patterned
organic-containing silicon dioxide film 404A as a mask,
thereby forming a patterned first low-dielectric-constant
SOG film 403A having contact holes 411 as shown in FIG.
19(c). By performing this dry-etching process step, the
damaged layer 410 can be removed [rom the patierned
second low-dielectric-constant SOG films 405A and the first
low-dielectric-constant SOG film 403,

Subsequently, the silicon nitride film 402 is dry-etched
using the patterned organic-containing silicon dioxide film
404 A as a mask, thereby forming a patterned silicon nitride
film 402A and exposing the first metal interconnects 401
within the contact holes 411 as shown in FIG. 20(«a).

Then, as shown in FIG. 20(b), an adhesion layer 413,
made of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 411 and the
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wiring grooves 412, Therealter, a metal film 414 is deposited
over the entire surface of the substrate to completely fill in
the contact holes 411 and the wiring grooves 412. In this
embodiment, the metal film 414 may be made of any
arbitrary metal. For example, copper, aluminum, gold,
silver, nickel, cobalt, tungsten, or an alloy thercof may be
used. Also, the metal [ilm 414 may be deposited by any
arbitrary technique. For inslance, plating, CVD or spullering
may be employed.

Finally, as shown in FIG. 20(c), respective portions of the
adhesion layer 413, the metal film 414 and the mask patiern
408, which are deposited on the patterned second low-
dielectric-constant SOG film 405A, are removed by a CMP
technique, for example. As a result, second metal intercon-
nects 415 and contacts 416, connecting the first and second
metal interconnects 401 and 415, are formed out of the metal
film 414.

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 415
through the same process steps as those described above.

In the fourth embodiment, while the first and sccond resist
patterns 407 and 409 are ashed and removed with oxygen
plasma, a damaged layer 410 is formed in the first low-
dielectric-constant SOG film 403 and the patterned second
low-dielectric-constant SOG film 405A. But the damaged
layer 410 can be removed while the contact holes 411 and
the wiring grooves 412 are formed.

Accordingly, the first and second low-dielectric-constant
S0G [ilms 403 and 405 may be made of a material degrad-
able with oxygen plasma. For example, in general, if an
HSQ film is exposed to oxygen plasma, Si—H bonds thercof
are oxidized and the content of water and the relative
dielectric constant thereof both increase lo deteriorate the
reliability and performance of the device. However, accord-
ing to the fourth embodiment, the patterned first low-
dielectric-constant SOG film 403A, in which the contact
holes 411 have already been formed, and the patterned
second low-dielectric-constant SOG film 405A, in which the
wiring grooves 412 have already been formed, are not
affected by oxygen plasma any more. Thus, even if an HSQ
film is used as an interlevel insulating film, the deterioration
in reliability and performance of the device can be avoided.

EMBODIMENT 5

Next, an exemplary method for forming an interconnec-
tion structure according to the fifth embodiment of the
present invention will be described with reference to FIGS.
21(a) through 21(c), FIGS. 22(a) through 22(¢) and FIGS.
23(a) through 23(d).

First, as shown in FIG. 21(a), a silicon nitride film 502 is
formed over first metal interconnects 501 formed on a
semiconductor substrate 500. The silicon nitride film 502 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 501 during a subsequent etching
process step. Thereafter, a first organic film 503 (first insu-
lating film), mainly composed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon
nitride film 502. Then, a first silicon dioxide film 504
(second insulating film) is deposited to be 100 nm thick, for
example, on the first organic film 503. Subsequently, a
second organic film 505 (third insulating film), mainly
composed of an organic component, is deposited to be 300

5 nm thick, for example, on the first silicon dioxide film 504.

Next, a second silicon dioxide film 506 (fourth insulating
film) is deposited to be 200 nm thick, for example, on the
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second organic film 505. And a titanium nitride film 507
(thin film) is deposited to be 50 nm thick, for example, on
the second silicon dioxide film 506,

The first and second organic films 503 and 505 may be
deposited by any arbitrary technique. For example, these
films 503 and 505 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perfluo-
rodecalin. Also, hydrocarbon films or fluorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CVD, may be used as the first and second organic
films 503 and 505. More specifically, the organic films 503
and 505 may be made of polytetrafluorocthylene, oxygen-
containing polytetrafluoroethylene, polyimide fuoride or
polyaryl ether.

The first and second silicon dioxide films 504 and 506
may also be deposited by any arbitrary technique. For
example, these films 504 and 506 may be deposited by a
plasma CVD process.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic films
503 and 505 and the first and second silicon dioxide films
504 and 506, i.c., a thin film etched at a sufficiently low rate
(e.g., silicon nitride film), may be used instead of the
titanium nitride film 507.

Next, as shown in FIG. 21(b), a first resist pattern 508,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 507. Thereafter, the
titanium nitride film 507 is dry-ctched using the first resist
pattern 508 as a mask, thereby forming a mask pattern 509,
having openings for forming wiring grooves, out of the
titanium nitride film 507 as shown in FIG. 21(c).

Subsequently, as shown in FIG. 22(a), the first resist
pattern 508 is removed by oxygen plasma, for example. In
this case, even if the first resist pattern 508 is ashed and
removed using oxygen plasma, the quality of the second
organic film 505 does not degrade, because the second
silicon dioxide film 506 exists on the second organic film
505 mainly composed of an organic component.

Then, as shown in FIG. 22(b), a second resist pattern 510,
having openings for forming contact holes, is formed by
lithography on the mask pattern 509. Therealter, the second
silicon dioxide film 506 is dry-ctched using the second resist
pattern 510 and the mask pattern 509 as a mask, thercby
forming a patterned second silicon dioxide film 306 A having
openings for forming contact holes as shown in FIG. 22(c).

Next, the second organic film 505 is dry-ctched using the
patterned sccond silicon dioxide film 506A as a mask,
thereby forming a paiterned second organic film S05A

having openings for forming contact holes as shown in FIG. -

23(a). In this case, the second organic film 505 and the
second resist pattern 510 are both mainly composed of
organic components, the second organic film 505 is clched
at a substantially equal rate to that of the second resist
pattern 510. Thus, when the second organic film 505 is
dry-etched, the second resist pattern 510 is also removed
simultaneously. The patterned second silicon dioxide film
506A functions as an etch stopper during dry-etching the
second resist pattern 510.

It should be noted that part of the second resist pattern 510
may be left in the process step of dry-ctching the second
organic film 505, This is because the residual second resist
pattern 510 can be removed during a subsequent process
step of dry-ciching the first organic film 503 (see FIG.
23(c)).

Thereaflter, the patterned second silicon dioxide film 506A
and the first silicon dioxide [ilm 504 are dry-ciched using the
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mask pattern 509 and the patterned second organic [ilm
505A as respective masks, thereby forming a paticrned
second silicon dioxide film 5068 having openings for form-
ing wiring grooves and a patterned first silicon dioxide film
504 A having openings [or forming contact holes as shown in
FIG. 23(b).

Then, the patterned second organic film S05A and the first
organic film 503 are dry-ctched using the mask pattern 509
and the patterned first silicon dioxide film 504A as respee-
tive masks, thereby forming a patterned second organic film
505B having wiring grooves 511 and a patterned first
organic film 503A having contact holes 512 as shown in
FIG. 23(c).

Subsequently, the silicon nitride film 502 is dry-etched
using the patterned first silicon dioxide film 504A as a mask,
thereby forming a patterned silicon nitride film 502A (see
FIG. 23(d)) and exposing the first metal interconnects 501
within the contact holes 512. Then, although not shown, an
adhesion layer, made of titanium nitride, is deposited 1o be
50 nm thick, for example, on the wall faces of the contact
holes 512 and the wiring grooves 511 as in the first embodi-
ment. Thereafter, a metal film is deposited over the entire
surface of the substrate to completely fill in the contact holes
512 and the wiring grooves 511. In this embodiment, the
metal film may be made of any arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, coball, tungsten, or
an alloy thereof may be used. Also, the metal film may be
deposited by any arbitrary technique. For instance, plating,
CVD or sputtering may be employed. Finally, respective
portions of the adhesion laver, the metal film and the mask
pattern 509, which are deposited on the patterned second
silicon dioxide film 5068, are removed by a CMP technique,
for example. As a result, second metal interconnects 513 and
contacts 514, connecting the first and second metal inter-
connects 501 and 513 together, are formed as shown in FIG.
23(d).

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and conlacts on the second melal inlerconnects 513
through the same process steps as those described above.

In the fifth embodiment, while the first resist pattern 508
is being removed by oxygen plasma, for example, the
quality of the second organic film 505 does not degrade. This
is because the second silicon dioxide film 506 exists on the
second organic film 505, which is likely to be damaged by
oxygen plasma.

Also, 1n this embodiment, the first silicon dioxide film 504
functions as an etch stopper during dry-etching the second
organic film 505. Accordingly, it is possible lo prevent the
quality of the first organic film 503 from being degraded,

MODIFIED EXAMPLE OF EMBODIMENT 5

Next, a method for forming an interconnection structure
according to a modified example of the fifth embodiment
will be described with reference 1o FIGS. 24(a) through
24(c), FIGS. 25(a) through 25(c), FIGS. 26(a) through
26(d), FIGS. 27(a) and 27(b), FIGS. 28(a) and 28(bh) and
FIGS. 29(a) and 29(b).

First, as shown in FIG. 24(a), a silicon nitride film 552 is
formed over first metal interconnects 351 formed on a
semiconductor substrate 550. The silicon nitride film 552 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 551 during a subsequent etching
process step. Thereafter, a first organic film 553 (first insu-
lating film), mainly composed ol an organic component, 1s
deposited to be 400 nm thick, for example, on the silicon
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nitride film 552. Then, a first silicon dioxide film 554
(sccond insulating film) is formed to be 100 nm thick, for
example, on the first organic film 553. Subsequently, a
second organic film 555 (third insulating film), mainly
composed of an organic component, is deposited to be 300
nm thick, for example, on the first silicon dioxide film 554.
Next, a second silicon dioxide film 556 (fourth insulating
film) is deposited to be 200 nm thick, for example, on the
second organic film 555. And a titanium nitride film 557 is
deposited to be 50 nm thick, for example, on the second
silicon dioxide film 556.

The first and second organic films 553 and 555 and the
first and second silicon dioxide films 554 and 566 may be
deposited by any arbitrary technique as in the fifth embodi-
ment. Also, a thin film showing high etch selectivity with
respect to the first and second organic films 553 and 555 and
the first and second silicon dioxide films 554 and 556 may
be used instead of the titanium nitride film 557,

Next, as shown in FIG. 24(b), a first resist pattern 558,
having openings for forming wiring grooves, is formed on
the titanium nitride film 557. Therealter, the titanium nitride
film 557 is dry-ctched using the first resist pattern 558 as a
mask, thereby forming a mask pattern 559, having openings
for forming wiring grooves, out of the titanium nitride film
557 as shown in FIG. 24(c).

Subsequently, as shown in FIGS. 25(a) and 27(a), the first
resist pattern 558 is removed. Then, a second resist pattern
560, having openings [or forming contact holes, is [ormed
on the mask pattern 559 as shown in FIG. 25(b). in this
modified example of the fifth embodiment, the sizes of the
openings of the second resist pattern 560 for forming contact
holes are set larger than designed sizes of the contact holes
in respective directions vertical and parallel to wiring
grooves for forming second metal interconnects. The reason
thereof will be described later.

Then, the second silicon dioxide film 556 is dry-etched
using the second resist pattern 560 and the mask pattern 559
as a mask, thereby forming a patterned second silicon
dioxide film 556A having openings for forming contact
holes as shown in FIGS. 25(c) and 27(b).

As described above, the sizes ol the openings of the
second resist pattern 560 for forming contact holes are set
larger than designed sizes of the contact holes in respective
directions vertical and parallel to wiring grooves for forming
second metal interconnects. Accordingly, even if the open-
ings of the sccond resist pattern 560 for forming contact
holes have misaligned with the openings of the mask pattern
559 for forming wiring grooves, the openings of the pat-

terned second silicon dioxide film 556A for forming contact 4

holes can be formed to be self-aligned with the openings of
the mask pattern 559 for forming wiring grooves. This is
because the openings of the patterned second silicon dioxide
film 556 A for forming contact holes are formed in respective
regions where the openings of the second resist pattern 560
for forming contact holes overlap with corresponding open-
ings of the mask pattern 559 for forming wiring grooves.

In addition, the size of the openings of the second resist
pattern 560 for forming contact holes is also extended in the
direction parallel to the wiring grooves for forming second
metal interconnects. Thus, the contact area between contacts
564 to be formed later and second metal interconnects 563
(sce FIG. 26(d)) expands. As a result, the contacts 564 can
connect the first and second metal interconnects 551 and 563
together with a lot more certainty.

Next, the second organic film 555 is dry-etched using the
patterned second silicon dioxide film 556A as a mask,
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thereby forming a patterned second organic film S55A
having openings for forming contact holes as shown in
FIGS. 26(a) and 28(a). In this casc, the second organic film
555 and the second resist patlern 560 are both mainly
composed of organic components, the second organic film
555 is etched at a substantially equal rate to that of the
second resist pattern 560. Thus, when the second organic
film 555 is dry-etched, the second resist pattern 560 is also
removed simultaneously. It should be noted that part of the
second resist pattern 560 may be left in the process step of
dry-ctching the second organic film 555. This is because the
residual second resist pattern 560 can be removed during a
subsequent process step ol dry-etching the first organic film
553 (see FIG. 26(c)).

Thereafter, the patterned second silicon dioxide film 556 A
and the first silicon dioxide film 554 are dry-etched using the
mask pattern 559 and the patterned second organic film
555A as respective masks, thereby forming a patterned
sccond silicon dioxide film 556 B having wiring grooves and
a patterned first silicon dioxide film 554 A having openings
for forming contact holes as shown in FIGS. 26(b) and
28(b). Then, the patterned second organic film 555A is
dry-etched using the mask pattern 559 and the patterned
second silicon dioxide film 5568 as a mask, and the first
organic film 553 is dry-ctched using the patterned first
silicon dioxide film 554A as a mask, thereby forming a
patterned second organic film 555B having wiring grooves
561 and a patterned first organic film 553A having contact
holes 562 as shown in FIGS, 26(c) and 29(a).

Subsequently, the silicon nitride film 552 is dry-etched
using the patterned first silicon dioxide [ilm 554A as a mask,
thereby forming a patterned silicon nitride film 552A (sce
FIG. 26(d)) having contact holes, and exposing the first
metal interconnects 551 within the contact holes 562. Then,
although not shown, an adhesion layer, made ol titanium
nitride, is deposited to be 50 nm thick, for example, on the
wall faces of the contact holes 562 and the wiring grooves
561 as in the first embodiment. Thereaflter, a metal film 1s
deposited over the entire surface of the substrate to com-
pletely fill in the contact holes 562 and the wiring grooves
561. Finally, respective portions of the adhesion layer, the
metal [ilm and the mask pattern 559, which are deposited on
the patterned second silicon dioxide film 5568, are removed
by a CMP technique, for example. As a result, second metal
interconnects 563 and contacts 564, connecting the first and
sccond metal interconnects 551 and 563 together, are formed
as shown in FIGS. 26(d) and 29(b).

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
neets and contacts on the second metal interconnects 563
through the same process steps as those described above.

According to this modified example of the fifth
embodiment, the sizes of the openings of the second resist
pattern 560 for forming contact holes are set larger than
designed sizes of the contact holes in respective directions
vertical and parallel to the wiring grooves for forming the
second metal interconnects. Thus, even if the openings of the
sccond resist pattern 560 for forming contact holes have
misaligned with the openings of the mask pattern 559 for
forming wiring grooves, the openings of the patterned
second silicon dioxide film 556A for forming contact holes
can be formed to be self-aligned with the openings of the
mask pattern 559 for forming wiring grooves. This is
because the openings of the patterned second silicon dioxide

5 film 556A for forming contact holes are formed in respective

regions where the openings of the second resist pattern 560
for forming contact holes overlap with corresponding open-
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ings of the mask paitern 559 for forming wiring grooves,
Accordingly, the connection between the contacts 564 and
the second metal interconnects 563 is ensured.

In addition, the size of the openings of the second resist
pattern 560 for forming contact holes is also extended in the
direction parallel to the wiring grooves for forming the
second metal interconnects. Thus, the contact area between
contacts 564 and the second metal interconnects 563
expands. As a result, the contacts 564 can connect the first
and second metal interconnects 551 and 563 together with a
lol more certainty.

FIG. 36 illustrates a positional relationship between the
openings of the mask pattern 559 for forming wiring
grooves and those of the second resist patlern 560 for
forming contact holes in this modilied example of the [ifth
embodiment. As shown in FIG. 36, the size of the openings
of the second resist pattern 560 for forming contact holes are
larger than the designed size.

FIG. 37(a) illustrates respective positional relationships
between the mask pattern 559 and the second resist pattern
560 and between a first metal interconnect 551 and a contact
564 in this modified example of the fifth embodiment.
Specifically, the upper part of FIG. 37(a) illustrates a posi-
tional relationship between an opening of the mask pattern
559 for forming a wiring groove and an associated opening
of the second resist pattern 560 for forming a contact hole.
The middle part of FIG. 37(a) illustrates the cross scction of
the upper part taken along the line A—A. And the lower part
ol FIG. 37(a) illustrates a positional relationship between a
first metal interconnect 551 and an associated contact 564.
FIG. 37(b) illustrates respective positional relationships
between the mask pattern 509 and the second resist pattern
510 and between a first metal interconnect 501 and a contact
514 in the fifth embodiment. Specifically, the upper part of
FIG. 37(b) illustrates a positional relationship between an
opening of the mask pattern 509 for forming a wiring groove
and an associated opening of the second resist pattern 510
for forming a contact hole. The middle part of FIG. 37(b)
illustrates the cross section of the upper part taken along the
line B—B. And the lower part of FIG. 37(b) illustrates a
positional relationship between a first metal interconnect
501 and an associated contact 514.

Setting the size of an opening of the second resist pattern
510 for forming a contact hole at the designed size thereof
as in the fifth embodiment, if the opening of the second resist
pattern 510 for forming a contact hole has misaligned with
an associated opening of the mask pattern 509 for forming
a wiring groove, then the contact arca (indicated by
hatching) between the contact 514 and the first metal inter-

connect 501 greatly decreases as can be seen [rom FIG. °

37(b). In conirast, selting the size ol an opening of the
second resist pattern 560 for forming a contact hole larger
than the designed size thereof as in this modified example of
the fifth embodiment, even if the opening of the second
resist pattern 560 for forming a contact hole has misaligned
with an associated opening of the mask pattern 559 for
forming a wiring groove, the contact area (indicated by
hatching) between the contact 564 and the first metal inter-
connect 551 does not decrease so much as can be seen from
I'1G. 37(a).
EMBODIMENT 6

Next, an exemplary method for forming an interconnec-
tion structure according to the sixth embodiment of the
present invention will be described with reference to FIGS.
30(a) through 30(c), FIGS. 31(«a) through 31(¢) and FIGS.
32(a) through 32(c).
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First, as shown in FIG. 30(a), a silicon nitride film 602 1s
formed over first metal interconnects 601 formed on a
semiconductor substrate 600. The silicon nitride film 602 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 601 during a subsequent etching
process step. Thereafter, a first organic film 603 (first insu-
lating film), mainly composed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon
nitride film 602. Then, a silicon dioxide film 604 (second
insulating film) is deposited to be 100 nm thick, for example,
on the first organic film 603. Subsequently, a second organic
film 605 (third insulating film), mainly composed of an
organic component, is deposited to be 300 nm thick, for
example, on the silicon dioxide film 604. And a titanium
nitride film 606 (thin film) is deposited to be 50 nm thick, for
example, on the second organic film 605.

The first and second organic films 603 and 605 may be
deposiled by any arbitrary technique. For example, these
films 603 and 605 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perfluo-
rodecalin, Also, hydrocarbon films or fluorine-containing
hydrocarbon [ilms, formed by plasma CVD, coating or
thermal CVD, may be used as the first and second organic
films 603 and 605. More specifically, the organic films 603
and 605 may be made of polytetrafluoroethylene, oxygen-
containing polytetrafluoroethylene, polyimide fluoride or
polyaryl cther.

The silicon dioxide film 604 may also be deposited by any
arbitrary technique. For example, the film 604 may be
deposited by a plasma CVD process.

It should be noted that a thin film showing high etch
sclectivity with respect to the first and second organic films
603 and 605 and the silicon dioxide film 604, i.c., a thin film
elched at a sufficiently low rate (e.g., silicon nitride film),
may be used instead of the titanium nitride film 606.

Next, as shown in FIG. 30(b), a first resist pattern 607,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 606. Thereafter, the
titanium nitride film 606 is dry-etched using the first resist
pattern 607 as a mask, thereby forming a mask pattern 608,
having openings for forming wiring grooves, out of the
titanium nitride film 606 as shown in FIG. 30(c).

Subsequently, as shown in FIG. 31(a), the first resist
pattern 607 is removed using an organic parting agent, for
example. In such a case, since the second organic film 605
is not exposed to oxygen plasma, the quality of the second
organic film 605 does nol degrade.

Then, as shown in FIG. 31(b), a second resist pattern 609,
having openings for forming contact holes, is formed by
lithography on the mask pattern 608. Then, the second
organic film 605 is dry-etched using the second resist patiern
609 and the mask pattern 608 as a mask, thereby forming a
patterned second organic film 605A having openings for
forming contact holes as shown in FIG. 31(c). In this case,
the second organic film 605 and the second resist pattern 609
are both mainly composed of organic components, the
second organic film 605 is etched at a substantially equal
rate to that of the second resist pattern 609. Thus, when the
second organic film 605 is dry-etched, the second resisi
pattern 609 is also removed simultancously.

It should be noted that part of the second resist pattern 609
may be left in the process step of dry-etching the second
organic film 605. This is because the residual second resist
pattern 609 can be removed during a subsequent process
step of dry-etching the first organic film 603 (see FIG.
32(b)).
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Thereafter, the silicon dioxide film 604 is dry-eiched
using the patterned sccond organic film 605A as a mask,
thereby forming a patterned silicon dioxide film 604A
having openings for lorming contact holes as shown in FIG.
32(a).

Then, the patterned second organic film 605A and the first
organic film 603 are dry-ctched using the mask pattern 608
and the patlerned silicon dioxide film 604A as respeclive
masks, thereby forming a patterned second organic film
605B having wiring grooves 610 and a patterned first
organic film 603A having contact holes 611 as shown in FIG.
32(b).

Subsequently, the patterned silicon dioxide film 604A and
the silicon nitride film 602 are dry-ctched using the mask
pattern 608 and the patterned first organic film 603A as
respective masks, thereby forming a patterned silicon diox-
ide film 604B having wiring grooves (see FIG. 32(c)) and a
patterned silicon nitride film 602A having the contact holes
(see FIG. 32(c)), and exposing the first metal interconnects
601 within the contact holes 611. Then, although not shown,
an adhesion layer, made of titanium nitride, is deposited to
be 50 nm thick, for example, on the wall faces of the contact
holes 611 and the wiring grooves 610 as in the first embodi-
ment. Thereafter, a metal film is deposited over the entire

surface of the substrate to completely fill in the contact holes -

611 and the wiring grooves 610. In this embodiment, the
metal film may be made of any arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, cobalt, tungsten, or
an alloy thereof may be used. Also, the metal film may be
deposited by any arbitrary technique. For instance, plating,
CVD or sputtering may be employed. Finally, respective
portions of the adhesion layer, the metal film and the mask
pattern 608, which are deposited on the patterned second
organic film 6058, are removed by a CMP technique, for
example. As a resull, second metal interconnects 612 and
contacts 613, connecting the first and second metal inter-
connects 601 and 612 together, are formed as shown in FIG.
32(c).

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 612
through the same proccess steps as those described above.

In the sixth embodiment, a patterned second organic film
605B, having wiring grooves 610, and a patterned first
organic film 603A, having contact holes 611, are formed by
a single dry-ctching process using the mask pattern 608,
having the openings for forming wiring grooves, and the
patterned silicon dioxide film 604A as respective masks.
That is to say, the wiring grooves 610 and the contact holes

611 can be formed during the same etching process step. 3

Accordingly, a dual damascene structure can be formed with
the increase in number of process steps suppressed.

Also, in the sixth embodiment, since the first resist pattern
607 is removed by an organic parting agent, for example, the
quality of the second organic film 605 does not degrade.

Furthermore, in this embodiment, the silicon dioxide film
604 [unctions as an elch stopper during dry-etching the
second organic film 605. Accordingly, it is possible to
prevent the quality of the first organic film 603 from being
degraded.

MODIFIED EXAMPLE OF EMBODIMENT 6

Next, a method for forming an interconnection structure
according to a modified example of the sixth embodiment
will be described with reference to FIGS. 33(a) through
33(c), FIGS. 34(a) through 34(c) and FIGS. 35(«a) through
35(c).
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First, as shown in FIG. 33(«a), a silicon nitride film 652 1s
formed over first metal interconnects 651 formed on a
semiconductor substrate 650. The silicon nitride film 652 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 651 during a subsequent etching
process step. Thereafter, a first organic film 653 (first insu-
lating film), mainly composed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon
nitride film 652. Then, a silicon dioxide film 654 (second
insulating film) is deposited to be 100 nm thick, for example,
on the first organic film 653. Subsequently, a second organic
film 655 (third insulating film), mainly composed of an
organic component, is deposited to be 300 nm thick, for
example, on the silicon dioxide film 654. And a titanium
nitride film 656 (thin film) is deposited to be 50 nm thick, for
example, on the second organic film 655.

The first and second organic films 653 and 655 may be
deposiled by any arbitrary technique. For example, these
films 653 and 655 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perfluo-
rodecalin, Also, hydrocarbon films or fluorine-containing
hydrocarbon [ilms, formed by plasma CVD, coating or
thermal CVD, may be used as the first and second organic
films 653 and 655. More specifically, the organic films 653
and 655 may be made of polytetrafluoroethylene, oxygen-
containing polytetrafluoroethylene, polyimide fluoride or
polyaryl cther.

The silicon dioxide film 654 may also be deposited by any
arbitrary technique. For example, the film 654 may be
deposited by a plasma CVD process.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic films
653 and 655 and the silicon dioxide film 654, i.c., a thin film
elched at a sufficiently low rate (e.g., silicon nitride film),
may be used instead of the titanium nitride film 656.

Next, as shown in FIG. 33(b), a first resist pattern 657,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 656. Thereafter, the
titanium nitride film 656 is dry-etched using the first resist
pattern 657 as a mask, thereby forming a mask pattern 658,
having openings for forming wiring grooves, out of the
titanium nitride film 656 as shown in FIG. 33(c).

Subsequently, as shown in FIG. 34(a), the first resist
pattern 657 is removed by an organic parting agent, for
example. In such a case, since the second organic film 655
is not exposed to oxygen plasma, the quality of the second
organic film 655 does nol degrade.

Then, as shown in FIG. 34(b), a second resist pattern 659,
having openings for forming contact holes, is formed by
lithography on the mask pattern 658. In this modified
example of the sixth embodiment, the sizes of the openings
of the second resist pattern 659 for forming contact holes are
set larger than designed sizes of the contact holes in respec-
tive directions vertical and parallel to the wiring grooves for
forming seccond metal interconnects. The reason thereof will
be described later.

Next, the second organic film 655 is dry-ctched using the
second resist patiern 659 and the mask patiern 658 as a
mask, thercby forming a patterned second organic film 655A
having openings for forming contact holes as shown in FIG.
34(c). In this case, the second organic film 655 and the
second resist pattern 659 are both mainly composed of
organic components, the second organic film 655 is etched

5 at a substantially equal rate to that of the second resist

pattern 659. Thus, when the second organic film 655 is
dry-etched, the second resist patiern 659 is also removed
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simultaneously. It should be noted that part of the second
resist pattern 659 may be left in the process step of dry-
ctching the second organic film 655. This is because the
residual second resist paltern 659 can be removed during a
subsequent process step ol dry-etching the first organic film
653 (see FIG. 35(b)).

Thereafter, the silicon dioxide film 654 is dry-etched
using the patterned second organic film 655A as a mask,
thereby forming a patterned second silicon dioxide film
654A having openings for forming contact holes as shown in
FI1G. 35(a).

Then, the patterned second organic film 655A and the first
organic film 653 are dry-etched using the mask pattern 658
and the patterned silicon dioxide [ilm 654A as respective
masks, thereby forming a patterned second organic film
655B having wiring grooves 660 and a patterned first
organic film 653A having contact holes 661 as shown in
FIG. 35(b).

Subsequently, the patterned silicon dioxide film 654A and
the silicon nitride film 652 are dry-ciched using the mask
pattern 658 and the patterned first organic film 653A as
respective masks, thereby forming a patterned silicon diox-
ide film 6548 having wiring grooves (see FIG. 35(c)) and a
palterned silicon nitride film 652A having the contact holes

(see FIG. 35(c)), and exposing the first metal interconnects -

651 within the contact holes 661. Then, although not shown,
an adhesion layer, made of titanium nitride, is deposited to
be 50 nm thick, for example, on the wall laces of the contact
holes 661 and the wiring grooves 660 as in the first embodi-
ment. Thereafter, a meltal film is deposited over the entire
surface of the substrate to completely fill in the contact holes
661 and the wiring grooves 660. In this embodiment, the
metal film may be made of any arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, cobalt, tungsten, or
an alloy thereol may be used. Also, the metal film may be
deposited by any arbitrary technique. For instance, plating,
CVD or sputtering may be employed. Finally, respective
portions of the adhesion layer, the metal film and the mask
pattern 658, which are deposited on the patterned second
organic film 655B, arc removed by a CMP technique, for
example. As a resull, second metal interconnects 662 and
contacts 663, connecting the first and second metal inter-
conneets 651 and 662 together, are formed as shown in FIG.
35(c).

It should be noted that a multilevel interconnection struc-
ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 662
through the same process steps as those described above.

In this modified example of the sixth embodiment, the

sizes of the openings of the second resist pattern 659 for :

forming contact holes are set larger than designed sizes of
the contact holes in respective directions vertical and par-
allel to the wiring grooves for forming the second metal
interconnects. Accordingly, even if the openings of the
second resist pattern 659 for forming contact holes have
misaligned with the openings of the mask pattern 658 for
forming wiring grooves, the openings of the patterned
sccond organic film 655A for forming contact holes can be
formed to be self-aligned with the openings of the mask
pattern 638 for forming wiring grooves. This is because the
openings of the patterned second organic film 655A for
forming contact holes are formed in respective regions
where the openings of the second resist pattern 659 for
forming contact holes overlap with corresponding openings
of the mask pattern 658 for forming wiring grooves.
Accordingly, the connection between the contacts 663 and
the second metal interconnects 662 is ensured.
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In addition, the size of the openings of the second resist
pattern 659 for forming contact holes is also extended in the
direction parallel to the wiring grooves for forming second
metal interconnects. Thus, the contact area between the
contacts 663 and the second metal interconnects 662
expands.

As a result, the contacts 663 can connect the first and
second metal interconnects 651 and 662 together with a lot
more certainty.

What is claimed is:

1. A method for forming an interconnection structure,
comprising the steps of;

a) forming a first insulating film over lower-level metal

inlerconnects;

b) forming a second insulating film, having a different
composition than that of the first insulating film, over
the first insulating film;

¢) forming a third insulating film, having a different
composition than that of the second insulating film,
over the second insulating film;

d) forming a thin film over the third insulating film;

¢) forming a first resist pattern on the thin film, the first
resist pattern having openings for forming wiring
2rooves;

f) etching the thin film using the first resist pattern as a
mask, thereby forming a mask pattern out of the thin
film to have the openings for forming wiring grooves;

¢) forming a second resist pattern on the third insulating
film, the second resist pattern having openings for
forming contact holes;

h) dry-etching the third insulating film under such con-
ditions that the third insulating film and the first and
second resist patterns are etched at a relatively high rate
and that the second insulating film is etched at a
relatively low rate, thereby patterning the third insu-
lating film to have the openings for forming contact
holes and removing the first and second resist patterns
either entirely or partially with respective lower parts
thereof left;

i) dry-etching the second insulating film using the pal-
terned third insulating film as a mask under such
conditions that the seccond insulating film is ctched at a
relatively high rate and that the first and third insulating
films are etched at a relatively low rate, thereby pat-
terning the second insulating film to have the openings
for forming contact holes;

j) dry-etching the third and first insulating films using the
mask pattern and the patterned second insulating film
as respective masks under such conditions that the first
and third insulating films are etched at a relatively high
rate and that the mask pattern and the second insulating
film are etched at a relatively low rate, thereby forming
wiring grooves and contact holes in the third and first
insulating films, respectively; and

k) filling in the wiring grooves and the contact holes with
a metal film, thereby forming upper-level metal inter-
connects and contacts connecting the lower- and upper-
level metal interconnects together.

2. The method of claim 1, further comprising the step of
forming a metal adhesion layer over part of the third
insulating film exposed inside the wiring grooves and part of
the first insulating film exposed inside the contact holes

s between the steps j) and k).

3. The method of claim 1, wherein the third insulating film
is mainly composed of an organic component.
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4. The method of claim 3, wherein the step ¢) includes
forming the third insulating film by a CVD process using a
reactive gas containing perfluorodecalin.

5. The method of claim 3, wherein the first insulating film
is mainly composed of an organic component.

6. The method of claim 5, further comprising the step of
forming an adhesion layer over part of the third insulating
film exposed inside the wiring grooves and part of the first
insulating film exposed inside the contact holes by a plasma
process using a reactive gas containing nitrogen between the
steps ) and k).

7. The method of claim 3, wherein the siep a) includes
forming the first insulating film by a CVD process using a
reactive gas containing perfluorodecalin.

8. A method for forming an interconnection structure,
comprising the steps of:

a) forming a first insulating film over lower-level metal

Interconnects;

b) forming a second insulating film, having a different
composition than that of the first insulating film, over
the first insulating film;

¢) forming a third insulating film, having a different
composition than that of the second insulating film,
over the second insulating film;

d) forming a thin film over the third insulating film;

¢) forming a first resist pattern on the thin film, the first
resist pattern having openings for forming wiring
2rooves;

[) etching the thin film using the first resist pattern as a
mask, thereby forming a mask pattern out of the thin
film to have the openings for forming wiring grooves;

g) forming a second resist pattern on the third insulating
film, the second resist pattern having openings for
forming contact holes;

h) dry-elching the third insulating [ilm using the first and
sccond resist patterns as a mask under such conditions
that the third insulating film is etched at a relatively
high rate and that the second insulating film and the first
and second resist patterns are etched at a relatively low
rate, thereby patterning the third insulating film to have
the openings for forming contact holes;

i) dry-ctching the second insulating film using the first and
second resist patterns as a mask under such conditions
that the second insulating film is etched at a relatively
high rate and that the first and third insulating films and
the first and second resist patterns are ctched at a
relatively low rate, thereby patterning the second insu-
lating film to have the openings for forming contact
holes;

j) removing the first and second resist patterns;

k) dry-ctching the third and first insulating films using the
mask pattern and the patterned second insulating film
as respective masks under such conditions that the first
and third insulating films are etched at a relatively high
rate and that the mask pattern and the second insulating
film are etched at a relatively low rate, thereby forming
wiring grooves and contact holes in the third and first
insulating films, respectively; and

1) filling in the wiring grooves and the contact holes with
a metal film, thereby forming upper-level metal inter-
connects and contacts connecting the lower- and upper-
level metal interconnects together.

9. The method of claim 8, wherein the third insulating film

is a low-dielectric-constant SOG film with a siloxane skel-
eton.

Page 61 of 388

10

=
h

20

L5
Lh

30

40

45

50

(518}

34

10. A method for forming an interconnection structure,
comprising the steps of:

a) forming a first insulating film over lower-level metal

mnlerconnects;

b) forming a second insulating film, having a different
composition than that of the first insulating film, over
the first insulating film;

¢) forming a third insulating film, having a different
composition than that of the second insulating film,
over the second insulating film;

d) forming a fourth insulating film, having a different
composition than that of the third insulating film, over
the third insulating film;

¢) forming a thin film over the fourth insulating film;

[) forming a first resist pattern on the thin film, the first
resist pattern having openings for forming wiring
2rooves;

g) etching the thin film using the first resist pattern as a
mask, thereby forming a mask pattern out of the thin
film to have the openings for forming wiring grooves;

h) removing the first resist pattern and then forming a
second resist pattern on the fourth insulating film and
the mask pattern, the second resist pattern having
openings for forming contact holes;

1) dry-etching the fourth insulating film using the second
resist pattern and the mask pattern as a mask, thereby
patterning the fourth insulating film to have the open-
ings for forming contact holes;

1) dry-etching the third insulating film using the patterned
fourth insulating film as a mask, thereby patterning the
third insulating film to have the openings for forming
contact holes;

k) dry-ctching the patterned fourth insulating film and the
second insulating film using the mask pattern and the
patterned third insulating film as respective masks,
thereby forming wiring grooves in the patterned fourth
insulating film and patterning the second insulating
film to have the openings for forming contact holes;

1) dry-etching the patterned third insulating film and the
first insulating film using the mask pattern and the
patterned second insulating film as respective masks,
thereby forming the wiring grooves and the contact
holes in the patterned third insulating film and the first
insulating film, respectively; and

m) filling in the wiring grooves and the contact holes with
a metal film, thereby forming upper-level metal inter-
connects and contacts connecting the lower- and upper-
level metal interconnects together.

11. The method of claim 10, wherein at least one of the
first and third insulating films is mainly composed of an
organic component.

12. The method of c¢laim 10, wherein a size of the
openings of the second resist pattern for forming contact
holes is larger than a designed size of the contact holes in a
direction vertical to a direction in which the upper-level
melal interconnects extend.

13. A method for forming an interconnection structure,
comprising the steps of:

a) forming a first insulating film over lower-level metal

interconnects;

b) forming a second insulating film, having a different
composition than that of the first insulating film, over
the first insulating film;

¢) forming a third insulating film, having a different
composition than that of the second insulating film,
over the second insulating film;
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d) forming a thin film over the third insulating film;

¢) forming a first resist pattern on the thin film, the first
resist pattern having openings for forming wiring
grooves;

f) etching the thin film using the first resist pattern as a
mask, thereby forming a mask pattern out of the thin
film to have the openings for [orming wiring grooves;

g) removing the first resist pattern and then forming a
second resist pattern on the third insulating film and the
mask pattern, the second resist pattern having openings
for forming contact holes;

h) dry-etching the third insulating film using the second
resist pattern and the mask pattern as a mask, thereby
patterning the third insulating film to have the openings
for forming contact holes;

i) dry-ctching the second insulating film using the pat-
terned third insulating film as a mask, thereby pattern-
ing the second insulating film to have the openings for
forming contact holes;
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j) dry-etching the patterned third insulating film and the
first insulating film using the mask pattern and the
patterned second insulating film as respective masks,
thereby forming wiring grooves and contact holes in
the patterned third insulating film and the first insulat-
ing film, respectively; and

k) filling in the wiring grooves and the contact holes with

a melal film, thereby forming upper-level metal inter-
connects and contacts connecting the lower- and upper-
level metal interconnects together.

14. The method of claim 13, wherein at least one of the
first and third insulating films is mainly composed of an
organic component.

15. The method of claim 13, wherein a size of the
openings of the second resist pattern for forming contact
holes is larger than a designed size of the contact holes in a
direction vertical to a direction in which the upper-level
metal interconnects extend.



BEST COPY

: S / . .
. . < .
0y . . . . . J

SERIAL NUMBER | TFILING DATE CLASS [ GROUP ART UNIT [ ATTORNEY DOCKET No.
09/274,114 “To3f23fe9 | .216 | i7e3 "] - 0819-226

NOBUO AOI, HYOGO, JAPAN.

" APPLICANT

**CONTINUING DOMESTIC DATA********************* V\OY\Q
VERIFIED

i ‘ 5‘ . "&

**371 (NAT L STAGE) DATA*********************V\,ane
VERIFIED ' i

LTUE

**FOREIGN APPLICATIONSH****#hkwwixw : S
@RIEF E:D) JAPAN - - 10-079371 - 03726,98"
LITUE

' IF REQUIRED, FOREIGN FILING LICENSE GRANTED'O4/13/99,

= Ono STATEOR | SHEETS .. . | TOTAL INDEPENDENT
CLAIMS

Forégn Priority claimed
35 USC 118 (a-d) conditions met - Dno [IMet after Allowance COUNTRY | DRAWING . | CLAIMS -
Verified and Acknowledged ’Z , | 9PX 37 5 | 4

W
GERALD J FERGUSON JR ' '
SIXBEY FRIEDMAN LEEDOM & FERGUSON ‘

. 8180 GREENSBORO DRIVE
SUITE 800
MCLEAN VA 22102

ADDRESS

METHOD FOR FORMING INTERCONNECTION STRUCTURE .

TITLE

FILING FEE ' ' S 0o
RECEIVED FEES: Authorlty has been given in Paper : ‘ )
- No. -~ to charge/credlt DEPOSIT ACCOUNT

$838 NO. - - for the following:

All Fees E
1.18 Fees {Filing)

"1.17 Fees {Process sing Ext. of time)
1.18 Fees (Issue)
0]
C

ther
redit o |

L]
O

Page 63 of 388



PATENT APPLICATION SERIAL. NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

' 04/01/1999 PALLEN - 00000052 09274114

01 FC:101 . 760.00 0P
02 FCs108 - 78,00 0P
PTO-1556
(5/87)

'U.S.' GPO: 1998-433-214/80404

" Page 64 of 388




N

‘s'n spvoL

66/¢2/¢0

LU EEIV B C

PTO/SBIOS (1/98)

- Plaase lype a plus sign (+) inside this box - Appraved for use through 09/30/2000. OMB 0651-0032
’ - Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of-1995, no persons are requiredto respond to a collection of information unless it displays a valid OMB control number.

oy

Jc53,

UTILITY Attormey Docket No. 0819-226
PATENT APPL]CATlON First inventor or Application Identifier: Nobuo AOI
TRANSMITTAL Title: METHOD FOR FORMING INTERCONNECTION STRUCTURE
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No.
. Assistant Commissioner for Patents
. See MPEP chapf:':ZDL:oCr)?eTrrltggN uE'Iil;yE::tEnT:;Iication contents. ADDRESS TO: m‘s;:;:;?gﬂi?o'g;
1. {X] Fee Transmittal Form (e.g., PTO/SB/17) 6. { ] Microfiche Computer Program (Appendix)

(Submit an original, and a duplicate for fee processing)
2. X} Specification Total Pages [91] | 7. Nucleotide and/or Amino Acid Sequence Submission

OoLd

(preferred arrangement set forth below) (if applicable, all necessary)
- Descriptive title of the Invention a. [ ] Computer Readable Copy
I - Cross References to Related Appilications b. [ ] Paper Copy (identical to computer copy)
' - Statement Regarding Fed sponsored R & D c. { ] Statement verifying identity of above copies

- Reference to Microfiche Appendix
- Background of the Invention .
- Brief Summary of the Invention -

- Brief Description of the Drawings (if filed) ACCOMPANYING APPLICATION PARTS
- Detailed Description

- Claim(s)

8. [X] Assignment Papers (cover sheet & document(s))

- Abstract of the Disclosure 9. { ] 37 CFR 3.73(b) Statemant ’ { ] Power of Attorney
3. [X] Drawing(s) (35 USC 113) Total Sheets {37}, (when there Is an assignee)
4, [X] Oath or Declaration Total Pages [2] 10. [ ] English Translation Document (if applicable)
a. [X] Newly executed (original or copy) 11.[ ] Information Disclosure Statement [ ] Copies of IDS
b. [ ] Copy from a prior application (37 CFR 1.83(d)) (IDS)/PTO-1449 Citations
(for continuatlon/divisional with Box 17 completed) 12, [ ] Preliminary Amendment .
[Note Box § below] 13. (X} Return Recelpt Postcard (MPEP 503)
. { ] DELETION OF INVENTOR(S) ) (Should be spacifically itemized)
Signed statement attached deleting 14, ("] *Small Entity { ] Statement filed in prior application,
inventor(s) named in the prior application, Statement(s) Status still proper and desired
see 37 CFR 1.83(d)(2) and 1.33(b). (PTO/SBI09-12)
5. [ ] Incorporation By Reference (useable if Box 4b is checked) 15. [ ] Certified Copy of Priority Document
The entire disciosure of the prior appfication, from which a | (if foreign priority is claimed)
copy of the oath or declaration is supplied under Box 4b, 16. [ ] Other:

- is considered to be part of the disclosure of the
accompanying application and is hereby incorporated by

reference therein. "A new statement is required to be entitled to pay smali entity fees,

except where one has been filed in a prior application and is being
relied upon.

i

09/27531™
LT

17. If a CONTINUING APPLICATION, check sppropriate box, and supply the requisite information below and in a preliminary amendment:
[ ] Continuation [ ] Divisional [ } Continuation-in- -part (CIP) of prior application No.

Prior application information: Examiner. - Group/Art Unit;

18. CORRESPONDENCE ADDRESS

{ ) Customer Numbaer or Ber Code Label or | X ] Cormespondence address below

(Insert Cusfomer No. or Attach bar code label here)

Name: Eric J. Robinson

Firm: SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, P.C.

Address: 8180 Greensboro Drive, Suite 800

City: MclLean State: VA Zip Code: 22102
Country: U.S.A. Telephone (703) 790-9110 .+ FAX (703) 883.0370

Name: Eric J. Robinson Registration No. 38,285

y : Date: March 23, 1999

Signatre 2"
urden Hour Statement. This Torm 18 estmaled 10 IaRa T.2 Fiours 16 complete, Time will vary depending upon the needs of The individual case. ARy Comments on the amoun

of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, OC 20231. DO NOT SEND FEES
OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Box Patent Application, Washington, DC 20231,

L AN e .

Page 65 of 388



. ) . . PTO/SB/OS (1/98)
Please type a plus sign (+) inside this box = . Approved for use through 09/30/2000. OMB 06510032
Patent snd Trademark Office: U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are requiredto respond toa coliection of information unless it displays a valid OMB control number.

UT]LITY Attorney Docket No. ~ 0819-226 '
PATE NT AP PLICATION First Inventor or Application Identifler: Nobuo AQI E
TRANSMITTAL Titl: METHOD FOR FORMING INTERCONNECTION STRUCTURE 3
(Only for new nonprovisional applicalions under 37 CFR 1.53(b)) Expres s Mail Label No. . =
APPLICATION ELEMENTS Assistant Commissioner for Patents 0 &
. : 0
See MPEP chapter 600 conceming utlity patent application contents. ADDRESS TO: 3:;:;:’;"‘5‘:’;:‘;‘;’; ™

1. [X] Fee Transmittal Form (e.g., PTO/SB/T)

6..{ | Microfiche Computer Program, (Appendix)
(Submit an original, and a duplicate for fee processing) -

‘2. [X] Specification Total Pages (91} | 7. Nucleotide and/or Amino Acid Sequence Submission
(preferred arrangement set forth below) . ' (if applicable, all necessary)
- Descriptive titie of the Invention a. [ ] Camputer Readable Copy

- Cross References to Related Applications

- Statement Regarding Fed sponsored R & D
- Reference to Microfiche Appendix

- Background of the Invention

- Brief Summary of the Invention

- Brief Description of the Drawings (if filed)

- Detailed Description

b. [ ] Paper Copy (identical to computer copy)
c. [ ] Statement verifying identity of above copies

ACCOMPANYING APPLICATION PARTS

- Claim(s) : 8. [X] Assignment Papers (cover sheet & document(s)) .
- Abstract of the Disclosure . 9. [ ] 37 CFR 3.73(b) Statement . [ ] Power of Attorney
3. [X}j Drawing(s) (35 USC 113) Total Sheets [37] (when there Is an assignee) )
4. {X} Qath or Declaration Total Pages [2] | 10.[ } English Transtation Document (if applicable)
a. (X] Newly executed (original or copy) 11.[ ] Information Disclosure Statement [ } Copies of IDS
b. { ] Copy from a prior application (37 CFR 1.83(d)) ' (IDS)/IPTO-1449 Citations
(for continuation/divisional with Box 17 complated) 12, [-] Preliminary Amendment
{Note Box 5 below] ) 13. [X] Return Receipt Postcard (MPEP 503)
. [ ] DELETION OF INVENTOR(S) (Should be specifically itemized)
Signed statement attached deleting ) 14.1 ] *Small Entity [ ] Statement flled in prior application,
inventor(s) named in the prior application, ’ Statement(s) Status still proper and desired
see 37 CFR 1.83(d)(2) and 1.33(b). (PTQ/SB/09-12)
§. [ ] Incorporation By Reference (useable if Box 4b is checked) 15, [ ] Certified Copy of Priority Document
The entire disclosure of the prior application, from which a . (it foreign priority Is claimed)
copy of the oath or declaration is supplied under Box 4b, 16.[ ] Qther:

is considered to be part of the disclosure of the
accompanying application and is hereby incorporated by

reference thereln. *A new statement is required to be entitled to pay small entity fees,
‘except where one has been filed in a prior application and is being
relied upon.

17. If a CONTINUING APPLICATION, check appropriate box, and supply ihe requisite information balow and in a preliminary amendment:
[ 1 Continuation { ] Divisional [ ] Continuation-in-part (CIP) of prior application No.
Prior application information: Examiner: : Group/Art Unit;

18. CORRESPONDENCE ADDRESS

[ ) Customer Number or Bar Coda Labei ' ' or [ X } Comespondence address below

(insent Customar No. or Attach bar code labe! hare)

Name: Ede J. Robinson .
Fim:  SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, P.C.
Address; 8180 Greensboro Drive, Suite 800

City: Mctean ’ . State: VA Zp Cade: 22102
Country: U.S.A. Telephone (703) 790-9110 ., FAX (703) 8830370
Name: Eric J. Robinson " Registration No. 38,285

Signature 2 " - Date: March 23, 1999

=

urden Hour Statement: 15 Torm 18 estimated to take U.2 hours {o compiete. Time will vary depending upon the needs of the individual case. Rﬁy commants on the amaun

of time you are required to complete this form should be sent lo the Chief information Officer, Patent and Trademark Office, Washington, DC 20231, 0O NOT SEND FEES
OR COMPLETED FORMS TO THIS ADDRESS. SEND.TO: Assistant Commiasicner for Patants, Box Patent Application, Washington, DC 20231,

R L

Page 66 of 388

©3/23/99

AR



PTO/SB/7 (1/98)
Approved for use through 09/30/2000. OMB 0651-0032®
o Patant and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Undqr«:he Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays e valid OMB control number.

Complete If Known

F E E T RA N S M I TTA L Application Number

\ ] Filing Date March 23, 1999
Patent feas are subject to annual revision on Oclober 1.
These are the fees effective October 1, 1997. Small Entity First Named Inventor Nobuo AOI
pay Is must be supported by a small entity stat f,
otherwise large entity fees must be pald. See Forms

Examiner Name

PTO/SBAY-12.
Group Art Unit
TOTAL AMOUNT OF PAYMENT $878.00 : Attomey Docket Number 0818-228
FEE CALCULATION (continued)
METHOD OF PAYMENT (check one) 3. ADDITIONAL FEES
Large Entity ‘Small Entity
Fee Fee | Fee Feo Fee Description Fee Paid
1. [X) The Commissioner is hereby authorized to charge indicated fees and Code % Code 8
credit any over payments to:
Deposit Account No. 19-2380 105 130 205 €5 Surcharge-late filing fee or oath
Deposit Account Name: SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, PC 127 50 227 25 Surcharge-late provisional filing
fee or cover sheet
[X) Charge Any Additional Fee Required Under 37 CFR 1.16 and 1,17 139 130 139 130 | Non-English specification
147 2,520 147 2,520 For filing a request
[ } Charge the issua Fes Set in 37 CFR 1.18 at the Mailing of the Notice of for reexamination
Allowance 112 920* 112 920°* Requesting publication of SIR
prior to Examiner action
2. [X] Payment Enclosed: 113 1,840° 13 1,840" | Requesting publication of SIR
[X]) Check [ ] Money Order { ] Other ' after Examiner action
115 110 215 55 Exi for reply within first month
=k 116 380 216 190 Ext for reply within second mth
__‘ 17 870 217 435 Ext for reply within third mth
¥ 118 1,360 218 680 Ext for reply within fourth mth
FEE CALCULATION 128 1,850 228 925 Ext for reply within fifth month
1. BASIC FILING FEE "
L Entit Small Entit 119 300 218 - 150 Notice of Appeai
arge Entity  Small Entity . 120 300 220 150 | Filing brief in support of appeal
Fee Fee Fea Fae Fee Description Fee Pald .
Code ($) Code ($) 121 260 221 130 | Request for Oral Hearing
101 760 20t 380 Utility filing fee [760) 138 1,510 138 1,510 l;;l:l::; It:q institute public use
06 310 208 185 Design fillng fea tl 140 110 240 55 Pelition to revive-unavoidable
107 480 207 240 Plant filing fes [ . L N N X
. . 141 1,210 241 €05 Petition to revive-unintentional
108 760 208 380 Reigsue filing fee [ ™ .
114 150 214 75 Provisional filing fee L) 142 1,210 242 605 Utility issue fee {or reissue)
0 143 430 243 215 | Design issue fee
144 580 244 280 Plant issue fee
SUBTOTAL (1) $760.00 122 130 122 130 Petitions to the Commissioner
123 50 123 50 Petitions related to provisional
i applications
2. EXTRA CLAIM FEES Exira Claims Fee from Below Foe Pald 126 240 126 240 | Submission of IDS .
Total Claims 1§ -20"= 0 X $18.00 = 561 40 561 40 Recording each petent $40.00
independent Claims 4 3o 1 X $78.00 = §78.00 assignment per property (times
. Mutipte Dependent Claims ) - number of properties)
‘or number previously paid, If greater, For Reissues, see below 146 760 246 180 Filing a submission after final
Lamge Entity Small Entity acti 37 CFR 1.129)
Fee Fee Fee  Fee Fee Description tejection ( > : (a_))
Code (5) Code (3 . 148 760 249 380 | For each additional invention to
103 18 203 [] Claims in excess of 20 be exemined (37 CFR 1.129(b))
102 78 202 30 indepandsent claims (n excess of 3 Other
104 280 204 130 Muttiple dependent claim Other
108 78 200 9 **Reissue indspendent claims over original patent
110 18 210 ] “*Reissua claims In excess of 20 and over original patent *Reduced by Basic Flilng Fee Paid
SUBTOTAL (2) $78.00 SUBTOTAL (3) 33000
SUBMITTED BY _ ‘ . . Complete (if applicable)
Typed or Printed Eric J. Robinson Reg. Number 38,285
Name
Signature Z———f&‘\" Date March 23, Deposit Account 19-2380
1999 User ID

Burden Hour Statement: This form is estimated to take 0.2 hours 1o complete. Time will vary depending upon the needs of the individual case. Any comments
on the amount of time you are required to compiete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.

Foo RSP B o -

Page 67 of 388



PTO/SBIT (1/98)

Approved for use through 09/30/2000. OMB 0651-0032
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Complete |f Known

FEE TRANSMITTAL | appicaton Number '

, Filing Date March 23, 1999
Patent feas are subject to annual revision on October 1.

These are the fees effective October 1, 1997. Small Enlity First Named Inventor Nobuo AO!

pay must be supported by a smalf entity statement,

otherwise large entily fees must be paid. See Forms Examiner Name

PTO/SB/09-12.

Group Art Unit
TOTAL AMOUNT OF PAYMENT $878.00 Attorney Docket Number 0819-226

METHOD OF PAYMENT (check one)

FEE CALCULATION (continued)

3. ADDITIONAL FEES

Large Entity Small Entity
Fae: Feo Fea Fae Fee Description Feo Paid
1. {X] The Commissioner is hereby aumonzed lo charge indicated faes and Code $) Code (9) :
credit any over payments ta:
Deposit Account No. 19-2380 105 130 205 65 | Surcharge-ate filing fee or oath
Deposll Account Name: SIXBEY, FRIEDMAN LEEDOM & FERGUSON, PC 127 50 227 25 |- Surcharge-late provisional filing
fee or cover sheet
[X] Charge Any Additional Fee Required Under 37 CFR 1.16 end 1.17 139 130 139 130 | Non-English specificetion
147 2,520 147 2,520 For fiting a request
[ } Charge the Issue Fee Set in 37 CFR 1.18 at the Mailing of the Notice of for reexamination
Allowance 112 920 112 820° Requestling publication of SIR
prior to Examiner action
2. [X} Payment Enclosed: 113 1,840° 113 1,840* | Requesting publication of SIR
{X] Check  { ] Money Order { ] Other : - after Examiner action
115 110 215 55 Ext for reply within first month
116 380 216 180 Ext for reply within second mth
117 870 217 435 Ext for reply within third mth
118 1,360 218 680 Ext for reply within fourth mth
1. BASIC FILING FEE FEE CALCULATION 128 1,850 228 925 Ext for reply within fifth month
'L Entit Small Enits 118 300 . 219 150 | Notice of Appeal .
:’9" F' Y F"‘“ ";'V Foo Descriot Foo Paid 120 300 220 150 | Filing brief in support of appeal
Code (:;’ Coge (:)’ @e Description 121 260 221 130 {- Request for Oral Heering
101 780 201 280 Uttty filing fee {760 138 1,510 138 1,510 :::gl:; :: glnsmule public use
:gs :;g ;gs ;:g g:’"‘g:l.m'"f fee ! } 140 110 ] 240 55 | Petition to revive-unavoidable
108 760 208 380 Reis ue'";,n“,ee { | 141 | 1210 241 605 | Petition to revive-unintentional
114. 150 214 75 Pr:/:aiona: t?lin teo {1 142 1,210 242 605 Utility issue foe (or reissue)
9 143 430 243 215 | Design issue fee
’ . ; ] 144 580 244 290 | Plantissue fes
SUBTOTAL (1) . §760.00 122 130 122 130 Petitions to the Commissioner
123 50 123 50 Petitions related to provisional
: E applications
2. EXTRA CLAIM FEES Bxtra Claims Fee from Balow  Foe Paid 126 240 126 240 | Submission of IDS
Total Clalms 15 -20™= 0 X $18.00 o 581 40 581 40 | Recording each patent $40.00
Independent Claims 4. - 3"a ¢ X $78.00 = $78.00 assignment per property (times
. Multiple Ospendent Claims [ ) number of properties)
‘:_’."“a'“;::l:"°"°;:'\:|':g:;;;°'"‘°'- For Ralssues, aee below 148 760 246 380 | Filing a submission after final
F: Fa: Fea Foe Fee Oescription tejection (37 CFR 1.123(a))
Cods (3) Code (3 148 760 249 380 | For each additional invention lo
103 18 203 9 Claims In oxcessof 20 be axamined (37 CFR 1.129(b))
102 18 202 30 Indapendent claims In excassof 3 Other
104 260 204 130 Muiple dependent claim Other
109 78 200 38 “Relssue Independent ciaims over original patent
110 18 210 9 “Relssue claims in oxcessof 20 end over original patent *Reduced by Basic Filing Fee Paid
SUBTOTAL (2) o , 378.90 SUSTOTAL (3) T
SUBMITTED BY Complete (if applicable)
Typed or Printed Eric J. Robinson Reg. Number 38,285
Name
Signature Z———b. Date | March 23, Deposit Account | 19-2380
. ’ 1999 User 1D

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any comments
on the amount of time you are required ta complete this form should be sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.

A1 T O 81

Page 68 of 388




10

15

20

25

METHOD FOR FORMING INTERCONNECTION STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to a method for forming an

interconnection structure in a semiconductor integrated cir-

cuit.

As the number of devices, integrated within a single
semiconductor integrated circuit, has been tremendously in-
creasing these days, wiring delay has also been increasing
noticeably. This is because the larger the nuﬁber of devices
integrated, the larger line-to-line capacitance (i.e., para-
sitic capacitance between metal interconnects), thus interfer-
ing with the performance improvement of a semiconductor
integrated circuit. The wiring delay is so-called “RC delay”,
which is proportional to the product of the resistance of
metal interconnection and.the'line—to-line capacitance.

In other words, £6'reduce the wiring delay, either the
resistance of metal'interconnection or the line-to-line ca-
pacitance should be reduced.

In order to reduce the interconnection resistance, IBM
Corp.; Motorola, Inc., etc. have reported semiconductor inte-
grated circuits using copper, not aluminum alloy, as'a mate-
rial for metal intercpnnects. A copper matérial has a
specific resistance about two-thirds as high as that of én
aluminum alloy material. Accordingly, in accdrdance with

1 “)
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simple calqulafion, the wiring delay involved with the use of
a copper material for metal interconnects can be about two-
thirds of that involved with the use of an aluminum alloy ma-
terial therefor. That is to say, the operating speed can be
increased by about 1.5 times.

However, the number of devices, integrated within a sin-
gle semiconductor integrated circuit, is expected to.further
inérease by leaps and bounds from now on, thus increasing the
wiring delay considerably. Therefore, it is concerned that
even the use of copper as aﬁ alternate metal interconnection
material would not be able to catch up with such drastic in-
crease. Also, the specific resistance of copper as a metal
intefconnection material ié just a little bit higher than,
but almost equal to, that of gold or silver. Accordingly,

even if gold or silver is used instead of copper as a metal

interconnection material, the wiring delay can be reduced on-

ly slightly.

Under these circumstances, not only reducing intercon-
nection resistance but also_supéressing line-to-line capaci-
tance play a key role in further increasing the number of
devices that can be integrated within a single semiconductor
integratéd circuit. And the relative dielectric constant of
an interlevel insulating film should be reduced to suppress
thev line-to-line capacitance. A silicon dioxidg film ‘has

heretofore been used as a typical material for an interlevel

Ea
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insulating film. The relative dielectric constant of a sili-
con dioxide film is, hbwever, about 4 to aﬁout 4.5, Thus, it
would be difficult to apply a silicon dioxide film to a semi-
conductor integrated circuit incorporating an even larger num-
ber of devices.

In order to solve such a problem, fluorine-doped silicon
dioxide film, low-dielectric-constant spin-on-glass (SOG)
film, organic polymer film and so on have been proposed as
alternate interlevel insulating films with respective rela-
tive dielectric constants smaller than that of a silicon di-
oxide film.

The relative dielectric constant of a fluorine-doped
silicon dioxide film is about 3.3 to about 3.7, which is
about 20 percent lower than that of a conventional silicon
dioxide film. Nevertheless, a.fluorine—doped silicon dioxide
film is highly hygroscdpic,’ahd eaéily absorbs‘water in the
air, resulting in vérious problems in practice. For example,
when the fluorine-doped silicon dioxide film absorbs water,
SiOH groups, having a high relative dielectric constant, are
introduced into thé film. As a result, the relative dielec—
tric constant of the fluorine-doped silicon dioxide film ad-
versely increases, or the SiOH groups react with the water
during a heat treatment to release H,0 gas. In addition,

fluorine free radicals, contained in the fluorine-doped sili-

con dioxide film, segregate near the surface thereof during a
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heat treatment and react with Ti, contained in a TiN layer
formed thereén as an adhesion layer, to form é TiF film,
which easily peels off.

An HSQ (hydrogen silsesquioxane) film, composed of Si, O
and H atoms, is an exemplary low-dielectric-constant SOG
film. In the HSQ film,‘the number of the H atoms is about
two-thirds of that of the O atoms. However, the HSQ film re-
leases a larger amount of water than a conventional silicon

dioxide film. Accordingly, since it is difficult to form a

buried interconnection line in the' HSQ film, a patterned

metal film should be formed as metal interconnects on the HSQ
film.

Also, since the HSQ film cannot adhere so strongly to
metal interconnects, a CVD oxide film should be formed be-
tween the metallinterconnects and the HSQ. film to improve the

adhesion therebetween. However, in such a case, 1f the CVD

oxide film is formed on the metal interconnects, then the

substantial line-to-line capacitance is equal to the serial

capacitance formed by the HSQ and CVD films. Thié is because
the CVD oxide film with a high dielectric constant exists be-
tween the metal ‘interconnects. Accordingly, the resﬁlting
line—to—line‘capacitance is larger as compared with using the
HSQ film alone. |

An organic polyﬁer film, as well as the low-dielectric-

constant SOG film, cannot adhere strongly to metal intercon-
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nects, either. Accordingly, a CVD oxide film should be formed
as an adhesion layer between the metal interconnects and the
organic polymer film, too.

Moreover, an etch rate, at which an organic polymer film
is etched, is approximately equal to an ash réte, at which a
resiSt pattern is ashed with oxygen‘plasma. Accordingly, a
usual resist application process is not applicable in such a
situation, because the organic polymer film is likely to be
damaged during ashing and removing the resist pattern.
Therefore, a proposed alternate process includes: forming a
CVD oxide film on an organic polymer film; forming a resist
film on the CVD oxide film; and then etching the resist film
using the CVD oxide film as an etch stopper, or a protective
film.

However, during thelstep of forming the CVD oxide film
on the organic polymer film, the surface of the organic
polymer film is expoSéaAtQ a reactive gas containing oxygen.
Accordingly, the organic polymer film reacts with oxygen to
take 1in polar groups 'such as carbonyl groups and ketone
groups. . As a resulﬁ, the relative dielectric constant of the
organic polymer film disadvantageously increases.

Also, in forming inlaid copper interconnects in the or-
ganic polymer film, a TiN adhesion layer, for example, should
be formed around wiring grooves formed in the organic polymer

film, because the organic polymer film cannot adhere strongly
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to the metal interconnects. However, since the TiN film has

a high resistance, the effective cross-sectional area of the

-metal interconnects decreases. Consequently, the intended

effect attainable by the use of the copper lines, i.e., re-,

duction in resistance, would be lost.

SUMMARY OF THE INVENTION

An objecf of the present invention is providing a method
for forming an iﬁterconnection structure in which an insulat-
ing film with a low dielectric constant can be formed by an
ordinary resist application process.

A first method for forming an interconnection structure
according to the present invention includes the steps of: a)
forming a first insulating film over lower—levei metal inter-
connects; b) forming a second insulating film, having a dif-
ferent composition than that of the @;rst insulating film,
over the first insulating film; c) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming.
a thin film éver the third insulating film; e) forming a fir-
st resist pattern, having a plurality of openings for forming
wiring grooves, on the thin film; f) etching the thin film
using the first resist patfern as a mask; théreby forming a
mask pattern out of the thin film to have the openings for

forming wiring grooves; g) forming a second resist pattern,

s |
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having a plurality of openings for forming contact holes, on
the third insulating film; h) dry-etching the third inéulat—
ing film under such conditions that the thifd insulating film
and the first and second resist patterns are etched at a re-
latively high rate and that the second insulating film is
etched at a relatively low raté, thereby pafterning the third

insulating film to have the openings for forming contact

‘holes and removing the first and second resist patterns

either entirely or partially with respective lower parts
thereof left; i) dry-etching the second insulating film using
the patterned third insulating film as a mask under such con-
ditions that the second insulating film is etched at a rela-
tively high rate and that the first and third insulating
films are etched a£ a relapively low rate, thereby patterning
the second insulating film to have the openings for forming
contact holes; j) dry-etching the third and first insulating
films using the mask p%ttern and the patterned seéond insu-
lating film as respective masks under such conditions that
the first and third insulating films aré etched at a rela-
tively high;rate'and that the mask pattern and the second in-
sulating film are etched gt a relatively low rate, thereby
forming wiring grooves and contact holes in the third and
first insulating films, respectively; and k) filling in the
wiring grooves and the contact holes with a metal film, there-

by forming upper-level metal interconnects and contacts con-

7 7
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necting the lower- and. upper-level metal interconnects to-
gether.

In the first method of the present invention, the third
insulating film is dry-etched under such conditions that the
third insulating film and the first and second’resist pat-
terns are etched at é relatively high rate and that the sec-
ond insulating film is etched at é relatively low rate,
thereby patterning the third insulating film and removing the
first and second resist patterns in the step h). Accord-
ingly, it is not necessary to perform the step of ashing and
removing"the first and second resist pafterns with oxygen
plasma. In other words, since it is possible to prevent the
third insulating film from being damaged during ashing and
removing a resist pattern, a low-dielectric-constant insulat-
ing film, which would otherwise be damaged easily by oxygen
plasma, may be used as the third insulating film. As a re-
sult, an interlevel inéﬁlating film with a low dielectric
constant can be formed by an ordinary resist application pro-
cess.

in addition, the second insulating film can be used as an
etch stopper while the wiring grooves are formed by dry-
etching the third insulating film using the mask pattern as a
mask in the step j). Accordingly[ the depth of each wiring
groove can bé equalized with the thickness of the third insuf

lating film. That is to say, the depth of the wiring grooves
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can be defined by self-alignment.

Moreover, the composition of the second insulating film
is different from that of the third insulating film. Thus,
the second insulating film can be used as an etch stopper
while the wiring grooves are formed by dry-etching the third
insulating film using the mask pattern as a mask in the step
3)- . -

In one embodiment of the present invention, the first
method preferably further includes the step of forming akmetal
adhesion layer over'part of the third insulating film exposed
inside the wiring grooves and part of the first insulating
film exposed inside the contact holes between the steps j) and
k).

In such an embodiment, the adhesion between the upper-
level metal interconnects énd the third insulating film and
between the contacts and the first insulating film can be im-
proved.

In another embodiment of the present invention, the third
insulating film is preferably mainly composed of an organic
component. |

In éuch an embodiment, the conditions émployed in the
stép h), i.e., that the third insulating film and the first
and second resist patterns are etched at a relati?ely high
rate and that the second insulating film is etched at a rela-

tively low rate, are realized with much more certainty.

T A A AR
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In this embodiment, the step c) preferably includes
forming the third insulating film by a CVD process usiné a re-
active gas containing perfluorodecalin.

Then, a film mainly .composed of an organic component and
having a low relative dielectric constant can be formed as the
third insulating film with a lot more certainty.

In another embodiment, the first insulating film is also
preferably mainly composed of an organic component.

Then, the conditions employed in the step i), i.e., that
the second insulating film is e?ched at a relatively high
rate and that the first and third insulating films are etched
at a relatively loQ rate( are realized with much more cer-
tainty. At the same time, the conditions employed in the
step j), i.e., that the fifst and third insulating films are
etched at a relatively high rate and that £he mask pattern
and the second,in§ulating‘film are etched at a. relatively low
rate, are also £eéli£éd'with much more certainty.

In an embodiment where the first and third insulating
films are both mainly composed of organic components, the
first methéa preferabiy fﬁrther includes the step of forming
an adhesion layer over part of the third insulating film ex-
posed inside the wiring grooves and part of the first insulat-
ing film exposed inside the contact holes by a plasma process
using a reactive gas containing nitrogen between the steps j)

and k).
10 ‘ ‘
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In such a case, the adhesion between the upper-level
metal interconnects and the third insulating film mainly com-
posed of an organic component, and between the contacts and
the first insulating film mainly composed of an organic compo-
nent can be improved substantially without fail.

In the embodiment where the first .iﬁsulating film is
mainly composed of an organic component; the step a) prefera-
bly includes forming the first insulating film by a CVD proc-
essvusing a reactive gas containing perfluorodecalin.

In such a case, a film mainly coméosed of an organic com-
ponent and having a low relative dielectric constant can be
formed as the first insulating film with a lot more certainty.

A second method for forming an interconnection structure
according to the present invention includes the steps of: a)
forming a first insulating film over lower-level metal inter-
connects; b) forming a second insulating film, having a dif-
ferent composition'thaﬁ'that of the first insulating film,
over the first insulating film; c) forming a third insulating
film, having a different composition than that of the second
insulating film, erf the second insulating film; d) forming
a thin film 6ver_the third insulating film; e) forming a fir-
st resist pattern, having a plurality of 6penings for forming
wiring grooves, on the thin film; f) etching the thin® film
using the first resist pattern as a mask, thereby forming a

mask pattern out of the thin’ film to have the openings for
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forming wiring grooves; g) forming a second resist pattern,
having a plurality of openings for forming contact holes, on
the third insulating film; h) dry-etching the third insulat-
ing film using the first and second resist patterns as a mask
under such conditions that the third insulating film 1is
etched at a relatively high rate and that the second insulat-
ing film and the first and second resist patterns are etched
at a relatively low rate, thereby patterning the third insu-
lating film to have the openings for forming cpntact holés;
i) dry-etching the second ihsulating film using the first and
second resist patterns as a mask under such conditions that
the second insulating film is etched at a relatively high
rate and that the first and third insulating films and the
first and second resist patterns are etched at a relatively
low rate, thereby patterning the second insulating film to
have the openings for forming contact holes; j) removing the
first and secohd resist patterns; k) dry-etching the third
and first insulating films using the mask pattern and the
patterned éecond insulating film as respective masks under
such conditions that the first and third insulating films are
etched at a relatively high rate and that £he mask pattern
and the second insulating film are etched at a relatively low
rate, thereby forming wiring grboves and contact holes in the
third and fi%st insulating filﬁs, reSpectiveiy; and 1) filling

in the wiring grooves and the contact holes with a metal film,

12 \j\
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thereby forming upper—lével metal interconnects and contacts
connecting the lower- and upper-level metal interconnects to-
gether.

In the second method of the present invention, even if a
damaged layer ié formed in respective parts of the first and
third insulating films that are exposed inside the‘openings
for forming contact holes in the second insulating film during
the step j) of removing the first and second resist patterns,'
the damaged layer can be removed without fail in the next étep
k). In this step, the third and first insulating films are
dry-etched using the mask pattern and the patterned second
insulating film as respective masks under such conditions
that the first and third insulating films are etched at a re-
latively high rate and that the mask pattern and the second
insulating film are etched at a relatively low rate, thereby
forming wiringibgroovesv and -contact holes in the third and
first insulating .films)l'respectively. Accordingly, low-
dielectric-constant insulating f£films, ‘which would otherwise
be damaged easily by oxygen plasma, can be used as the first
and third insﬁlatiﬂg films. As a result, an interlevel insu-
lating film with a low dielectric constant can be formed by
an ordinary resist application process.

In one embodiment of the present invention, the third in-
sulating film is preferably a low-dielectric-constant SOG film

with a siloxane skeleton.
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In such an embodiment, an interlevel insulating film
with a low dielectric constant can be formed by an ordinary
resist application process.

A third method for forming an interconnection structure
according to the present invention includes the steps of: a)
forming a first insulating film over lower-level metal inter-
connects; b) forming a second insulating film, having -a dif-
ferent composition than that of the firét'insulating film,
over fhe first'insulating film; c) forming a third insuiating
film, having a different‘conposition than that of the second
insulating film, over the second insulating film; d) forming
a fourth jinsulating film, having a different composition than
that of the third insulating film, over thé third insulating
film; e) forming a thin film over the fourth insulating film;
f) forming a first resist pattern on theé thin film, the first
resist pattern having openings for forming wiring grooves; g)
etching tne thin film using the first resist pattern as a

mask, thereby forming a mask pattern out of the thin film to

‘have the openings for forming wiring grooves; h) removing the

first resist pattern‘and then forming a second rgsist pattern
on the fourth insulating film and the mask pattern, the sec-
ond resist pattern having npenings for forming contact holes;
i) dry-etching the fourth insulating film using the second
resist pattern and the mask pattern as a mask, thereby pat-

terning the fourth insulating film to have the openings for

14
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forming contact holes; 3j) dry-etching the third insulating
film using.the patterned fourth insulating film as a mésk,
thereby patterning the third insulating film to have the
openings for forming contact holes; k) dfy-etching the pat-
terned fourth.insulating film and the second insulating film
using the mask pattern and the patterned third insulating
film as respective masks, théreby forming wiring grooves in
the paﬁterned fourth insulating film and patterning the sec-
ond insulating film to have the openings for forming contact
holes; 1) dry~étchiﬁg the patterned third insulating film and
the first insulating film using the mask pattern and the pat-
terned second insulating film as respective masks, thereby
forming the wiring grooves and the contact holes in the pat-
terned third insulating film and the first insulating film,
respectively; and m) filling in the wiring grooves and the
contact holes with a metal film, thereby forming upper-level
metal interconnectsvand contacts connecting the lowér—‘and up-
per-level metal interconnects together.

In the third method of the preseﬁt invention, the fourth
insulating film exists on the thifd insulating film during the
removal of tﬁe first resist pattern in the step h). Accord-
ingly, even if the first fesist pattern is removed by oxygen
plasma, the third insulating.film is not démaged. Also, the
second insulating film exists on the first insdlating film

during dry-etching the third insulating film in the step j).
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Accordingly, the first insulating film is not damaged, either.
Thus, low-dielectric-constant insulating films, which would
otherwise be damaged easily by oxygen plasma or dry etching,

can be used as the first and third insulating films. As a

" result, an interlevel insulating film with a low dielectric

constant can be formed by an ordinary resist application pro-
cess.

In one embodiment of the present inyention, at least one
of the first and third insulating'filmé is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant
of the interlevel insulating film can be reduced.

In another embodiment of the present invention, a size
of the openings of the second resist pattern for forming con-
tact holes is preferably larger than a désigned size of the
contact holeé in a direction vertical to a direction in which
the upper-levél metal interconnects extend.

In such an embodiment, even if the openings of the second
resist pattern fof‘forming contact holes have misaligned with
the openingslof the mask pattern for forming wiring grooves,
the openings of the patterned fourth insulating film for form-
ing contact holes can be formed to be self-aligned with the
openings of the mask pattern for forming wiring grooves. This
is because the openings of the patterned fourth insulating

film for forming contact holes are formed in respective re-
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gions where the openiﬁgs of the second resist pattern for
fofming'contact holes overlap with corresponding openings of
the mask pattern for forming wiring grooves. As a result, the
connection between the contacts and the upéer-level metal in-
terconnects is ensured.

A fourth method for forming an interconnection structure
according to the present invention inclﬁdes the steps of: a)
forming a first insulating fiim over lower-level metal inter-
connects; b) forming a second insulating film, having a dif-
ferent composition than that of the first insulatiﬁg film,
over the first insulating film; c) forming a third insulating
film, having a different composition than that of the second
insulating film, over the second insulating film; d) forming
a thin film over the third insulating film; e) forming a fir-
st resist pattern on. the thin film, the first resist pattern
having openings for forming wiring grooves; f) etching the
thin film using the firét resist pattern as a mask, thereby
forming a mask pattern out of the thin film to have the open-
ings for‘forming wiring'grooves; g) removing the first resist
pattern and then forming a second resist pattern on the third
insulating film and the ﬁask pattern, the second resist pat-
tern having openings for forming contact holes; h) dry-
etching the third insulating film using the second resist
pattern and the mask pattern as a mask, thereby patterning

the third insulating film to have the openings for forming

{
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contact holes; i) dry-etching the second insulating film us-

'ing the patterned third insulating film as a mask, thereby

patterning the second insulating film to have the openings
for forming contact holes; 7j) dry-e;ching the patterned third
insulating film and the first insulating film using the mask
pattern and the patterne& second insulating film as.respec-
tive masks, thereby forming wiring grooves and contact holes:
in the patterned third insulating film and the first insulat-
ing film, respectively; and k) filling in the wiring grooves
and the contact holes with a metal film, thereby forhing up-
per-level metal ihtercqnnects’ and contacts connecting the
lower- and upper-level metal interconnects together.

In the fourth method of the present invention, the second
insulating film exists on the first insulating film during
dry-etching the third insulating film in the step h). Accord-
ingly, the first insulating film is not damaged. Thus, low-
dielectric;constant insﬁlatihg films, which would otherwise
be damaged easily by oxygen plasma or dry etching, can be
used as the first and third insulating films. As'a result,
ah interlevél insulafing film with a low dielectric constant
can be formed by an ordinary resist application process.

In one embodimeﬁt of the present invention, at least one
of the first and third insulating films is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant

18 \ L. \
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of the interlevel insulating film can be reduced.

In another embodiment of the present invention, a size
of the openings of the second resist pattérn for forming con-
tact holes is preferably larger than a designed size of the
contact holes in a direction vertical to a direction in which
the upper-level metal interconneéts extend.

In such an embodiment, even if the openings of the seqond
resist pattern for forming contact holes have misaligned with
the openihgs of the mask pattern for forming wiring grooves,
the openings of the patterned third insulating film for form-
ing contact holes can be formed to be self-aligned with the
openings of the mask pattern for forming wiring érooves. This
is because the openings of the patterned third insulating film
for forming contact holes are formed in respective regions
where the openings of the second resist pattern for forming
contact holes overlap with corresponding openings of the mask
pattern for formihg wiring grooves. As a result, the’ connec-
tion between the contacté and the upper-level metal intercon-

nects is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1(a) through 1l(c) are cross-sectional views il-
lustrating respective process steps for forming an intercon-
nection structure according to the first embodiment of the

present invention.
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Figures 2(a) through 2(c) are cross-sectional views 1il-
lustrating respective process steps fbr forming the intercon-
nection structure of the first embodiment.

Figures 3(a) through 3(c) are cross-sectional views il-
lustrating respective process steps for forming the intercon-
nection structure of the first embodiment .

Figures 4(a) throuéh 4(c) are cross-sectional views il-
lustrating problems caused by the misalignment of the second
resist pattern during the process of forming the interconnec-
tion structure of the first embodiment.

Figures 5(a) through 5(c) are cross-sectional views il-
lustrating the problems caused by the misalignment of 'the
second resist pattern during the process of forming the in-
terconnection structure of the first embodiment.

Figures 6(a) through 6(c) are cross-sectional views il-
lustrating. the p:oblems caused bytthe misalignment of the
second resigt.patterﬁ during the process of forming the in-
terconnection structure of thé first embodiment.

Figures 7(a).through 7(c) are cross-sectional views il-
lustrating'meaéures to éolvé the problems caused by the mis-
alignment of the second resist pattern during the process of
forming the iﬁterconnection structure of the first embodi-
ment.

Figures 8(a) through 8(c) are cross-sectional views 1il-

lustrating the measures to solve the problems caused by the
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misalignment of the second resist pattern during the process
of forming the interconnection structure of the first embodi-
ment.

'Figures 9(a) through 9(c) are cross-sectional views il-

- lustrating respective process steps for forming an intercon-

‘nection structure according to the second embodiment of the

present invention.'

Figures 10(a) through 10(c) are cross-sectional views
illustrating respective procéss steps for forming the inter-
connection structure of the second embodiment.

Figures 11(a) through 11(c) are cross-sectional views
illustrating respective'process steps for forming the inter-
connection structure of the secondlembodiment.

Figures 12(a) through 12(c) are cross-sectional views
illustrating respective process steps for forming an inter-
connection structure accp;ding‘té the third embodiment of the
present invention.

figures 13(a) through 13(c) are cross-sectional views
illustrating respegtivé‘process‘steps for forming the inter-
connection gtruéture ofufhe third embodiment.

Figures 14(a) through 14(c) are cross-sectional views
illustrating respective process steps for forming the inter-
connectipn structure of the third embodiment.
| Figures 15(a) fhrohgh 15(c) are cross-sectional views

illustrating respective process steps for forming an inter-
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connection structure according to a modified example of the
third embodiment.

Figures 16(a) through 16(d) are cross-sectional views
illustrating respective process stepe for forming the inter-
connection structure of the modified example of the third em-
bodiment.

Figures 17(a) through 17(c) are cross-sectional views
illustrating respective pfocess steps for forming the inter-
connection structure of the modified example of the third em-
bodiment.

Figures 18(a) thfough 18(c) are cross-sectional views
illustrating respective process steps for forming an inter-
connection structure according to the fourth embodiment of
the present invention.

Figures 19(a) through ‘19(c) are cross-sectional views
illustrating respective process steps for forming the inter-
connectioﬁ etructure of the fourth embodiment.

Figures 20(a) through 20(c) are cross-sectional viewe
illustratine respective process steps for forming the inter-
connection structure of fhe.fourth embodiment.

Figures 21(a) fhrough 21(c) are cross-sectional views
illustrating respective process steps for forming an inter-
connection structure according to the fifth embodiment of the
present invention.

Figures 22(a) through 22(c) are cross-sectional views
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illustrating respective process steps for forming the inter-

connection structure of the fifth embodiment.

Figures 23(a) through 23(d) are cross-sectional views
illustrating respective process steps for forming the inter-
connection structure of the fifth embodiment.

Figures 24(a) through 24(¢c) are cross-sectional views
illustrating respective process steps for forming an inter-
connection structure according to a modified example of the
fifth embodiment.

Figures 25(a) through 25(c) are cross-sectiona; views
illustrating respective process steps for forming the inter-
connection structure in the modified example of the fifth em-
bodiment.

Figufes 26 (a) through 26(d) are cross-sectional views
illustrating respective.process steps for forming the inter-
connection structure in'thenmodified example of the fifth em-
bodiment. | |

Figures 27(a) and 27 (b) are perspective views illustrat-
ing respective process steps for forming the interconnection
structure in fhe modified example of the fifth embodiment.

Figures 28(a). and 28(5) are perspective views illustrat-
ing respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

Figures 29(a) and 29(b) are perspective views illustrat-
ing respective process steps for forming the interconnection
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Figures 30(a) through 30(c) are cross-sectional views
illustrating respective process steps for forming an inter-
connection structure according to the sixth embodiment of the
present-invention.

Figures 31(a) through 31(c) are cross-gsectional views
illustrating respective pfocess steps for forming the inter-
connection structure of the sixth embodiment.

Fiqurés 32(a) through 32(c) are cross-gectional views
illustrating respective process steps for forming the inter-
connection structure of the sixth embodiment.

Figures 33(a) through 33(c) are cross-gectional views
illustrating respective process steps for forming an inter-
connection structure according to a modified example of the
sixth embodiment.

Figures 34(a) thrqugh 34(c) are cross-sectional views

illustrating respective process steps for forming the inter-

- connection structure in the modified example of the sixth em-

bodiment.

Figures 35(a) through 35(c) are cross-sectional views
illustrating respective process steps for forming the inter-

connection structure in the modified example of the sixth em-

bodiment.

_Figure 36 is a plan view illustrating a positional rela-

tionship between the openings of -a mask pattern for forming
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wiring grooves and the opehings'of a second resist pattern for
forming contact holes in the modified example of the fifth em-
bodiment.

Figure 37(a) illustrates respective positional relation-
ships between the mask pattern and the second resist pattern
and between a first metal interconnect and an associated con-
tact in the modified example of the fifth embodiment; and

Figure 37(b) illustrates respective positional relation-
ships between the mask pattern and the second resist pattern
and between a first metal interconnect and an associated con-

tact in the fifth embodiment..

DESCRIPTION OF THE PREFERRED EMBODIMENTS

EMBODIMENT 1 |

Heréinafter, an exemplary method for forming an inter-
connection structure according to the fifst embodiment of the
present invention will be described with reference to Figures
1(a) through 1(c¢), Figures 2(a) tiarough 2(c) and Figures 3(a)
through 3(@). |

First, as shown in Figure 1(a), a silicon nitride film
102 is formed over first metal interconnects 101 formed on a
semiéonductor substrate 100. The silicon nitride film 102 is
formed to be:- 50 nm thick, for example, and used to protect
the first metal interpénnecfs 101 during a subsequent etching

process step. Thereafter, a first organic film 103 (first in-
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sulating film), mainly composed of an organic component, is
formed to be 1um thick, for'example, on the silicon nitride
film 102. Next, an organic-containing silicon dioxide film

104 (second insulating film), containing an organic component

in silicon dioxide, is formed to be 50 nm thick, for example,

on the fifst organic film 103. Then, a second organic film
105 (third insulating film), mainly composed of an organic
component, is formed to be 400 nm'thick, for example, on the
organic-containing silicon dioxide film 104. And a titanium
nitride film 106 is formed to be 50 nm thick, for example, on
the second organic film 105.

The first and second organic films 103 and 105 may be
deposited by any arbitrary technique. For example, these
films 103 and 105 may be déposited by a plasma CVD process
usingl a reactive gas mainly coméosed of perfluorodecalin.
Also, hydrocarbon films or fluorine-containing hydrocarbon
films, formed by‘plasmé CVD, coating or thermal CVD, may be
used as the first and second organic films ‘103 and 105.

Moreovér, the first orgaﬁic film 103 may be deposited by
a plasma CVD pfocess using a reactive gas mainly composed of
perfluorodecalin ahd organic silane such as hexamethyl disi-
loxane, arylalkoxy silane or alkylalkoxy silane. 1In such a
case, an organic/inorganic hybrid film can be obtained.

Similarly, the organic-containing silicon dioxide film

104 may also be deposited by any arbitrary technique. For
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instance, the film 104 may be deposited by a CVD process us-
ing a reactive gas mainly comPOsed of phenyltrimethoxy silane.
In such a case, an organic-containing silicon dioxide film
104, having a structure in which a phenyl group bonded to a

5 silicon atom is introduced into silicon dioxide, can be ob-
tained.

It should be noted that a thin film showing ﬁigh etch
selectivity with respect tb the fifst and second organié
films 103 and 105 and the organic-containing silicon dioxide

10 film 104, i.e.,va film etched at a sufficiently low rate
(e.g., silicon nitride film), may be used instead of the ti-
ﬁanium nitride film 106.

Next, as shown in Figure 1(b), a first resist pattern

107, having openings for forming‘wiring grooves, is formed by

15 lithography on the titanium nitride film 106. Thereafter, the
titanium nitride film 106 is dry-etched using the first resist
pattern 107 as a méék, tﬁereby forming a mask pattern 108 out
of the titanium nitride film 106 as shown in Figure 1(c).

Subseqhently, a secbnd:resist pattern 109, having open-

20 ings for forming'contaét holes, is formed by lithography on
the second organic film 105 without removing the first resist
pattern 107. Then, the second organic film 105 is dryJetched,
thereby forming a patterned second organic film 105A having
the openings for forming contact holes as shown in Figqure 2(a).

25 In this case, since the second organic film 105 and the first

N
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and second resist patterns 107 and 109 are all mainly composed

of organic components, the second organic film 105 1is etched

at a substantially equal rate to *hat of the first and second
resist patterns 107 and 109. Thus, when the sécond organic
film 105 is dry-etched, the first and second resist patterns
107 and 109 are'also removed simultaneously,

It should be noted that part of the second iesist pat-
tern 109 may be left in the process step of dry-etching the
second organic film 105. This is because the residual second
resist patﬁern 109 can be removed during a subsequen£ process
step of forming wiriné grooves 111 in the patterned second
organic film 105A (see Figure 2(¢)). °

Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as a
mask; thereby forming a patterned organic—containing'silicon
dioxide film 104A having the openings for forming contact
holes as shown in Figuré 2(b). 1In this process step, by se-
lecting such etching conditions that the organic-containing
silicon dioxide film 104 is etched at a rate higher than that
of the pattgrned.second 6rganic film 105A, it is possible to
prevent the patterned second organic film 105A from being er-
roneously etched.

Next, the(patterned.second organic film 105A is dry-
etched using the mask pattern 108 as a mask, thereby forming

the wiring grooves 111 in the patterned second organic film
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105A as shown in Figure 2(¢). At the same time, the first or-
ganic film 103 is also dry-etched using the patterned organic-
containing silicon dioxide film 104A as a mask, thereby form-
ing a ;mtternéd first organic film 103A having the contact
holes as shown in Figure 2(c).

Subsequently, the silicon nitride film 102 is dry-etched
using the patterned orgénic—containing silicon dioxide film
104A as a mask, thereby forming a patterned silicon nitride
film 102A and exposing the first metal interconnects 101
within the contact héles 110 as shown in Figure 3(a).

Then, as shown in Figure 3(b), an adhesion layer 112,
made of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 110 and the
wiring grooves 111. Thereafter, a metal film 113 is deéosited
over the entire surface.of_the substrate to completely fill in
the contact holes 110 and‘the wiring grooves 111. In this em-
bodiment, the metal film ‘113 may be made of any arbitrary
metal.'For;example, cobper, aluminum, gold, silver, nickel,
cobalt, tungsten, or an alloy thereof may be used. Also, the
metal film 113 may be deposited by any arbitrary technique.
For instance, plating, CVD or sputtering may be employed.

Finally, as shown in Figure 3(c), respective portions of
the adhesion layer 112, the metal film 113 and the mask pat-
tern 108, which are déposited on the patterned second:organic

film 105A, are removed by a CMP technique, for example. As a
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result, second metal interédnnects 114 and contacts 115, éon-
necting the first and second metal interconnects 101 and 114,
are formed out of the metal film 113.

It should be noted that a multilevel interconnection
structure may be formed by forming respective films, inter-
connects and contacts on the second metal interconnects 114
through the same process steps as those described above.

In the first embodiment, the organic-containing silicon
dioxide film 104 is formed by a CVD process using a reactive
gas mainly composed of phenyltrimethoxy silane. Accordingly,
the film 104 has a structure in which a phenyl group (i.e.,
an exemplary organic group), bonded to a silicon atom, is in-
troduced into silicon dioxide. Thus, the film 104 can be

processed as well as a conventional CVD oxide film, and the

'relative dielectri¢ constant of the film 104 is as low as

that of the conventional‘CVD oxide film. - In addition, the
film 104. can a&here.stfongly to organic film, oxide film and .
metal f£ilm.

After the mask pattern 108 has been formed out of the
titanium nitride film 106, the second resist pattern 109 is
for@ed without removing the first resist patterh 107, and the
first and second resist patterns 107 and 109 are removed
while the secoﬂd organic film 105 is dry-etched. Thus, it is
no longer necesséry to ash and remove the first and second

resist patterns 107 and 109 with oxygen plasma. That is to
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say, it is possible to prevent the second organié film 105
from being damaged during the step of ashing and removing a
resist pattérn. Accordingly, although the second organic
film 105 with a low relative dielectric constant is used as
an interlevel insulating film, an ordinéry resist application
process‘is applicable to this embodiment.

Moreover, the wiring' grooves 111' are formed by dry-
etching the patterned second organic film'IOSA using the mask
pattern 108 as a mask and using the patterned organic-
containing silicon dioxide film 104A as an etch stopper. Ac-
cordingly, the depth of the wiring grooves 111 matches with
the thickness of the second organic film 10S. That is to say,
the depth of the wiring grooves 111 can be defined by self-
alignment.

Hereinafter, problems caused by the misalignment of the
sééond resist pgttérn 109 with the first resist pattern 107
and the measured taken fq solve the problems will be de-
scribed. |

First, it will bg described with reference to Figures
4(a) through 4(c), Figufes 5(a) through 5(c) and Figures 6(a)
through 6(c) what broblems are caused if the second resist
pattern 109 has misaligned.

As in the first embodiment, a silicon nitride film 102
is first formed to be 50 nm thick, for example, over first

metal interconnects 101 formed on a semiconductor substrate
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100 as shown in Figure‘4(a). Thereafter, a first organic film
103, mainly composed of an organic component, is formed to be
lum thick, for example, on the silicon nitride film 102.

Next, an organic-containing silicon dioxide film 104,
containing an organic component in silicon dioxide, is formed
to be 50 nm thick, for example, on the first organic film 103.
Then, a second organic film'105f mainly composed of an or-
ganic component, is formed to be 400 nm thick, for example,
on the organic-containing silicon dioxide film 104. And a
titanium nitride film 106 is formed to be 50 nm thick, for
example, on the second organic film 105.

Next, as shown in Figure 4(b), a first resist pattern
107, having openings for forming wiring grooves, is formed on
the titanium nitride film 106.° Thereafter, the titanium ni-
tride film 106 is dry-etched using the first resist pattern
107 as a mask, thereby forming a mask pattern 108 out of the
titanium nitride film 106 as shown in Figure 4(c).

Subseqﬁently, a second resist pattern 109, having open-
ings for forming contact holes, is formed on the second or-
ganic film 105 without removing the first resist pattern 107.
As can bé seen if Figqures 5(a) and 1l(c) are compared‘with each
other, the second resist pattern 109 has misaligned with the
first resist pattern 107 in this case.

Then, the second organic film 105 is dry-etched, thereby
fofming a patterned second organic film 105A having the open-

)
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ings for forming contact holes as shown in Figure 5(a). As in
the first embodiment, since the second organic film 105 and
the first and second resist patterns‘107 and 109 are all main-
ly compoéed of organic components, the first and second resist
patterns 107 and 109 are removed simultaneously with the dry-
etchihg of the second organic film 105. In this case, since
the second resist pattern 109 has misaligned with the first
resist pattern 107, the diameter of the openings for forming
contact holes, which are provided in the second organic film
105A, is smaller than desired.

‘Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as a
mask, thereby forming a patterned organic-containing silicon
dioxide film‘;04A having the openings for forming contact
holes as showh in Figure 5(c).

Next, the patterned seéond organic film 105A is dry-
etched using the mask pattern 108 as a mask, thereby forming
the wiringAgrooves 111 in the patterned second organic film
105A as shoWn'in Figure 6(a). At the same time, the first or-
ganic film 103 ié also dry-etched using the patterned organic-
containing silicon dioxide film 104A as a mask, thereby form-
ing a patterned first organic film 103A having the contact
holes 110 as shown in Figure 6(a). Subsequently, the silicon
nitride film 102 is dry-etched using the patﬁerhed organic-

containing silicon dioxide film 104A as a mask, thereby form-
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ing a patterned silicon nitride film 102A and exposing the

first metal interconnects 101 within the contact holes 110 as
shown in Figure 6(b).

Then, an adhesion layer 112, made of titénium nitride,

5 1is deposited to be 50 nm thick, for example, on the wall

faces of the contact holes 110 and the wiring grooves 111.

Thereafter, a metal film is deposited over the entire surface

of the substrate and respective portions of the adhesion

layer 112, the metal film'and the mask pattern 108, which are

10 deposited on the patterned second organic film 105A, are re-

moved by a CMP technique, for example. As a result, second

metal interconnects 114 are certainly formed. However, since

the diameter of the contact holes 110 is smaller than desired,

the contact holes 110 cannot be completely filled in with the

15 metal film, and the first and second metal intercdnnects 101
and 112 cannot be'qonnected to each other; resulting in a
contact failure.

Next, it will be described with reference to Figures 7(a)
through 7(c) and Figures‘ B(a) through 8(ec) what measures

20 should be taken to soive theAproblems caused by the misalign-
ment of the second resist patterh 109.

First, a second resist”pattern 109, having openings for
forming contact hbles, is formed through the saﬁe process
steps as those described with reference to Figures 4(a)

25 through 4(c¢) and Fiqure 5(a). In this case, the second re-
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sist pattern 109 has also misaligned with the first resist
pattern-107 (see Figure 5(a)).

" Thus, as shown in Figure 7(a), the first resist pattern
107 and the mask pattern 108 are dry-etched using the second
resist pattern 109 as a mask. In this manner, portions of the
first resist pattern 107, not overlapping with the second re-
sist pattern 109, are removed and each opening of the mask
pattern 108 is eXpandéd to be equal to or larger than each
opening for forming wiring grooves or each opening for forming
contact holes.. As a result, the pattern for the openings of
the second resist pattern for forming contact holes 109 can be
transferred to the first resist pattern 107 and the ﬁask pat-
tern 108.

Then, the second ofganid film 105 is dry-etched, thereby
forming a patterned second organic film 105A having the open-
ings for forming contact holes as shown in Figure 7(b). In
this case, éince thé second organic film 105 and the first and
second resist pattgrns 107 and 109 are all mainly composed of
organic components, the first and second resist patterns 107
and 109 are removed simultaneously with the dry-etching of the
second organic film 105.

Then, the organic-containing silicon dioxide film 104 is
dry-etched using the patterned second organic film 105A as a
mask, thereby forming a patterned organic-containing silicon

dioxide film 104A having the openings for forming contact
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holes as shown in Figure 7(c).

As described above, the second resist pattern 109 has
misaligned with the first resist pattern 107; However, in
this case, the pattern for the openings of the second resist
pattern for forming contact holes 109 has been sucdessfully
transferred to the first resist pattern 107 and the mask pat-
tern 108. Thus, the diameter of the openings for forming con-
tact holes, which have been formed in the.pétterned second
organic film 105A and the patterned organic-containing silicon
dioxide film 104A, is a predetermined size.

Next, the patterned second organic film 105A is dry-
etched using the mask pattern 108 as a mask, thereby forming
the wiring grooves 111 in the patterned second organic film
165A as shown in Figqre 8(a). At the same time, the first or-
ganic film 103 is also dry-etched using the patterned organic-
conéaining silicon dioxide film 104A as a mask, thereby form-
ing a patterned first organic film 103A having the contact
holes 110 as shown in Figu:e 8(a). Subsequently, the silicon
nitride film 102 is dry-etched uéing the patterned organic-
containinj silicon dioxide film 104A as a mask, thereby form-
ing a gmttérned silicon nitride film 102A and exposing the
first metal interconnects 101 within the contact holes 110 as
shown in Figﬁre 8(b).

Then, an adhesion layer 112, made of titanium nitride,

is deposited to be 50 nm thick, for example, on the wall
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faces of the contact holeslllo and the wiring grooves 111.
Thereafter, a metal film is deposited over.the entire surface
of the substrate and respective portions of the adhesion
layer 112, the metal film and the mask pattern 108, which are
deposited on the patterned sécond organic film 105A, are re-
moved by a CMP technique, for éxample. As a result, second
metal interconnects 114 and contacts 115 are formed out of
the titanium nitride film 112 and the metal film as shown in

Figure 8(¢).

EMBODIMENT 2

Next, an exemplary method for forming an interconnection
structure according to the second embodiment of the present
invention will be described with reference to Figures 9(a)
through 9(c¢), Figures 10(a) through 10(c) and Figures 1l1(a)
through 11(c¢).

First, as shown in Figure 9(a), a silicon nitride film
202 is formed to be 50 nnf thick, for example, over first
metal intercpnnects 201 formed on a semiconductor substrate
200. Théreaftef; a first o;ganic film 203 (first insulating
film), mainiy composed of an organic component, is formed to
be 1um thick, for example, on the silicon nitride film 202.
Next, an organic-containing silicon dioxide film 204 (second

insulating film), containing an organic component in silicon

dioxide, is formed to be 50 nm thick, for example, on the fir-

37 Y
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st organic film 203. Then, a second organic film 205 (third
insulating film), mainly composed of an organic component, is
formed to be 400 nm thick, for example, on the. organic—
containing silicon dioxide film 204. And a titanium nitride
film 206 is formed to be 50 nm thick, for example, on the
second organic film 205.

Thé first and second organic films 203 and 205 may be
deposited by any arbitrary technique: For example, these
films 203 and 205 may be deposited by a plasma CVD process
using a reactive gas mainly composed of peffluorodecalin.
Also, hydroéarbon films or fluorine-containing hydrocarbon
films, formed by plasma CVD, coating or thermal CVD, may be
used és the first and second organic films 203 and 205.

Similarly, the orgénic-containing silicon dioxide film
204 may also be deposited by any arbitrary technique. For

instance, the film 204 may be deposited by a CVD process us-

ing a reactive gas mainly composed of phenyltrimethoxy silane.

It should be noted that avthin film showing high etch
selectivity with respectA to the first and secbnd organic
filmé 203 and 205 ahd the organic-coﬁtaining silicon dioxide
film 204, i.e., a film etched at a sufficiently low rate
(é.g., silicon nitride film), may be used instead of the ti-
tanium nitride film 206. .

Next, as shown in Figure 9(b), a first resist pattern
207, having opeﬁings for forming wiring grooves, is formed by

3 8 - - \
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lithograéhy on the titanium nitride film 206. Thereafter, the
titanium nitride film 206 is dry-etched using the first resist
pattern 207 as a mask, thereby forming a mask pattern 208 out
of the titanium nitride film 206 as shown in Figure 9(c).
Subsequently, a second resisc pattern 209, having open-
ings for forming contact holes, is formed by lithography on
the second organic film 205 without removing the first resist
pattern 207. Then, the second organic film 205 is dry-etched,
thereby forming a patterned second organic film 205A having
the openings for fofming contact holes as shown in Figqure
10(a). In this case, since the second organic film 205 and
the first and second resist patterns 207 and 209 are all main-
ly composed of organic components, the second organic film 205
is etched at_a rate substantially equal to that of the first
and second.reSist patterns 207 and_209. Accordingly, when the
second organic film 205 is dry—etched} the first and second
resist patterné 207 and 209 are also removéd simultaneously.
If the second resist pattern 209 may have been ﬁis—
aligned with the first resist pattern 207, then the first fe—
sist pattefn 207 and the mask pattern 208 should be.dry-
etched using the second resisﬁ pattern 209 as a ﬁask. In
this manner, parts of the first resist pattern 207, not over-
lapping with the second resist pattern 209, are removed and
the openings of the mask pattern 208 are expanded to be equal

to or larger than the openings for forming wiring groo&es and

e € et sy e R 8 8
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contact holes as described in the first émbodiment.

Then, the organic-containing silicon dioxide film 204 is
dry-etched using the patterned second organic film 205A as a
mask, thereby forming a pétterned organic-containing silicon
dioxide film 204A having the openings for forming contact
holes as shown in Figure 10(b). Next, the patterned second
organic film 205A is dry-etched using the mask pattern 208 as
a mask, thereby forming the wiring grooves 211 in the pat-
terned second organic film 205A as shown in Figure 10(c). At
the same time, the first organic film 203 is also dry-etched
using the patterned organic-containing silicon dioxide film-
204A as a mask, thereby forming a patterned first organic film
203A having the contact holes 210 as also shown in Figure
10(c).

Subsequently, the silicon nitride film 202 is dry-etched
using the patterned organic-containing silicon dioxide film
204A as a mask, thereby forming a patterned silicon nitride
film 202A and exposing the first metal interconnecés 201
within the contact holes 210 as shown in Figure 11(a).

Then, the patterned first and second organic films 203A
and 205A are subjected‘to plasma processing using ammonium
gas. As a result, as shown in Figure 11(b), an adhesion
layer 212, including amino and amide groups, is deposited on
the wall faces of the patterned first organic film 203A ex-

posed inside the contact holes 210 and on the wall faces of
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the patterned second organic film 205A exposed inside the
wiring grooves 211. Thereafter, a metal film\213 is deposited
over the entire surface of the substrate to completely fill in
the contacf holes 210 and the wiring grooves 211. In this em-
bodiment, the metal film 213 may be made of any arbitrary
metal. For example, coppér, aluminum, gold, silver,'nickel,
cobalt, tungsten, or an alloy thereof may be used. Aléo, the
metal film 213 may be deposited by any arbitrary technique.
For instance, plating, CVD or sputtering may be employed.
Finally, as shown in Figqure 1l1l(c), respective portions
of the metal film 213 and the mask pattern 208, which aée de~
posited on the patterned second organic film 205A, are re-
moved by a CMP technique; for example. As a result, second
metal interconnects 214 and ' contacts 215 are formed out of
the metal film 213. |
It should be Anpted that a multilevel interconnection
structure may be formed by forming respective films, inter-
connects and contacts on the second metal interconnects 214

through the same process steps as those described above.

EMBODIMENT 3

Next, an exemplary method for forming an interconnection
structure according to the third embodiment of the present
invention will be described with reference to Figures 12(a)

through 12(c¢), Fiqures 13(a) through 13(c) and Figures 14(a)

-9
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through 14(c).

First, as shown in Figure 12(a), a silicon nitride film
302 is formed over first metal interconnects 301 formed on a
semiconductor substrate 300. The silicon nitride film 302 is
formed to be 50 nm thick, for example, and to protect the
first me;al interconnects 301 during a subsequent etching
process step. Thereafter, a first organic-containing silicon

dioxide film 303 (first insulating film), containing an or-

‘ganic componernt in silicon dioxide, is formed to be lum thick,

for eXamplé, on the silicon nitride film 302. Next, a low-
dielectric-constant SOG film 304 (second insulating film),
having a siloxane skeleton, is deposited to be 400 nm thick,
for example, on the first organic-containing silicon dioxide
film 303. Then, a second organic-containing silicon dioxide
film 305 (third insulating film), containing an organic compo-
nent in silicon dioxide, is formed to be 50 nm thick, for ex-
ample, on the low-dielectric-constant SOG film 304. And a
titanium nitride film 306_is formed to be 50 nm thick, for
example, on the second organic;contaiﬁing silicon dioxide
film 305.

The first and second organic-containing silicon dioxide
films 303 and 305 may be deposited by any arbitrary technique.
For example, these films 303 and 305 may be deposited by a

CVD process using a reactive gas mainly composed of phenyl-

trimethoxy silane. Also, an HSQ film may be used as the low-

118 W e e e i 3
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dielectric-constant SOG film 304 with a siloxane skeleton.

It should be noted that a thin film shawing high etch
selectivity with respect to the first and second oréanic-
containing silicon dioxide films 303 and 305 and-the low-
dielectric-constant SOG film 304, di.e., a. film etched at a
sufficiently low réte (e.g., silicon nitride film), may be
used instead of the titanium nitride film 306.

Next, aé shown in Figqgure 12(b), a first resist pattern
307, having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 306. Thereafter, the
titanium nitride film 306 is dry-etched using the first resist
pattern 307 as a mask, thereby fofming a mask pattern 308 out
of the titanium nitride film 306 as shown in Figure 12(c).

Subsequently, as shown in Figure 13(a), the first resist
pattern 307 is removed and then a secbnd resist pattern 309,
having openings for forming contact holes, is formed on the
second organic—ébntaining silicon dioxide film 305. Then, the
second organic-containing silicon dioxide film 305, the low—
dielectric-constant SOG film 304 and the first organic-
containing silicon dioxide film 303 are sequentially dry-
etched usiné the second resist pattern 309 as a mask. As a
result, a patterned second organic-containing silicon dioxide
film 305A, a patterned low-dielectric-constant SOG film 304A
and a patterned fifst organic-containing silicon dioxide film

303A having contact holes 310 are formed as shown in Figure
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13(b).
Next, as shown in Figure 13(c), the second resist pattern
309 is removed and the patterned second organic-containing
silicon dioxide film 305A is dry-etched using the mask pat-
5 tern 308 as a mask, thereby forming openings for formihg wir-
ing grooves in the patterned second organic-containing silicon
dioxide film 305A. Thereafter, the patterned low—dielectfic—
constant SOG film 304A is dry-etched using the mask pattern
308 and the patterned second organic-containing silicon diox-
10 ide film 305A having the openings for wiring grooves as a mask;,
thereby forming the wiring grooves 311. In forming the wiring
grooves 311, by selecting such etching conditions that the
firstlorganic~containing silicon dioxide film 303A is étéhed

at a rate sufficiently lower than that of the low-dielectric-

15 constant SOG film 304A,(sufficient selectivity can be secured
for the patterned first organic—cohtaining silicon dioxide
film 303A. Acéofdingly, the depth of the wiring groovés 311
can be determined uniValently at the sum of the thicknesses of
the second organic-confaining silicqn dioxide film 305 and the

20 low—dielectric—éohstant SOG film 304.

If the second resist pattern 309 may have been mis-
aligned with the first resist pattern 307, the mask pattern
308 should be dry-etched using the second resist pattéfn 309
as a mask before the second organic-containing silicon diox-

25 ide film 305 is dry-etched using the second resist pattern
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309 as a mask. That is to say, if the mask pattern 308 is

partially exposed inside the openings of the second resist

pattern 309 for forming contact ‘holes because of the mis-

alignment of the second resist pattern 309 with the first re-
sist pattern 307, then the maék pattern 308 is dry-etched
using the second resist pattern 309 as a mask. In this man-
ner, the openings of the mask pattern 308 are expanded to in-
clude the openings for forming wiring grooves and contact
holes. )

Subsequently, the silicon nitride film 302 is dry-etched
using the patterned first organic-containing silicon dioxide
film 303A as a mask, thereby forming a patterned silicon ni-
tride film 302A and exposing the first metal interconnects 301
within the contact holes 310 as shown in Figure‘14(a)..

Then, as shown in Figure:14(b), an adhesion layer 312,
made of titanium nitride, is deposited to be 50 nm thick, for
example, on the wall fQCes of the contact holes 310 and the
wiring grooves 311. Thefeafter, a metal film 313 is deposited
over the entire surface of the substrate to completely fill in
the contact;holes 310 and the wiring grooves 311. In this em-
bodiment, the metal film 313 may be made of any arbitrary
metal. For example, copper, aluminum, gold, silver, nickel,
cobalt, tungsten, or an ailoy thereof may be used. Alsé, the
metal film 313 may be deposited by any arbitrary technique.

For instance, plating, CVD or sputtering may be employed.

45§ if
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Finally, as shown in Fiqure 14(c), respective portions
of the adhesion layer 312, the metal film 313 and the mask
pattern 308, which are deposited on the patterned second or-
ganic-containing silicon dioxide film 305A, are removed by a
CMP technique, for example. As a result, second metal inter-
connects 314 and contacts 315, connecting the first and sec-
ond metal interconnects 301 and 314, are formed out of the
metal film 313.

It should be noted that a multilevel interconnection
structure may be formed by forming respective films, inter-
connects and contacts on the second metal interconnects 314
through the same process steps as those described above.

In the third embodiment, while the first resist pattern
307 is ashed and removed with oxygen plasma, the low-
dielectric-constant SOG film 304 is not exposed to the oxygen
plasma, becauselthg second organic-containing silicén dioxide
film 305 exists on the low-dielectric-constant SOG film 304.

| Also, in this embodimenf, affer the second organic-
containing silicon dioxide film 305, the low-dielectric-
constant SOG film 304 and the first organic-containing sili-
con dioxide film 303 have been sequentially dry-etched using
the second resist pattern 309 as a mask, the second resist
pattern 309 is ashed and removed with oxygen plasma. Accord-
ingly, the regions of the patterned low-dielectric-constant

SOG film 304A, which are exposed inside the openings for form-

46 ;
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ing contact holes, are exposed to oxygen plasma and damaged.
However, the damaged layer, formed in the patterned low-
dielectric-constant SOG film 304A, can be removed when the
wiring grooves 311 are formed in the patterned low-dielectric-
constant SOG film 304A, and does not have harmful effects on
subsequent process steps.

Accordingly, the 1low-dielectric-constant SOG film 304
may be made of é material degradable with oxygen plasma. For
example, in general, if an HSQ film is exPoéed to oxygen
plasma, the Si-H bénds thereof are oxidized and the content
of water and the relative dielectric constant thereof both
increase to deteriorate the reliability and performance of
the device. However, according to the third embodiment, the
patterned low-dielectric-constant SOG film 304A, in which the
wiring grooves 311 have already been formed, is not affected
by oxygen plasma. Thus, even if an HSQ film is used as an in-
terlevel insulating fiim, the deterioration in reliability and

performance of the device can be avoided.

MODIFIED EXAﬁPLE OF EMBODIMENT 3

Next, én exemplary method for forming an interconnection
structure according to a modified example of the third em-
bodiment of thé present inventidn Qill be described with ref-
erence to Figures 15(a) through 15(c¢), Figures 16(a) through

16 (c) and Figures 17(a) through 17(c).

“

a LY
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First, as shown in Fiqure 15(a), a silicon nitride film

352 is forméd over first metal interconnects 351 formed.oﬁ a
éemiconductor substrate 350. The silicon nitride film 352 is
formed td be 50 nm thick, for example, and to protect the

5 first metal interconnects 351 during a subsequent etching
process stép. Thereafter, a first silicon dioxide film 353
(first insulating film) is formed to be lum thick, for exam-
ple, on the silicon nitride film 352. Next, an organic film

354 (second insulating film) is deposited to be 400 nm thick,

10 for example, on the first silicon dioxide film 353. Then, a
second silicon dioxidé film 355 (third insulating> film) is
formed to be 50 nm thick, for example, on the organic film 354.
And a titanium nitride film 356 is formed to be 50 nm thick,

for example, on the second silicon dioxide film 355.

& 15 The first and seéond silicon dioxide films 353 and 355
.may be deposited by any arbitrary technique. For example,
these films 353 and‘355 may be depositea by a CVD process us-
ing a reactive gas mainly composed of phenyltrimethoxy silane.

It should be noted thét a thin film showing high etch

20 selectivi&y with respec£ to the first and second silicon di-
. oxide films 353 and 355 and the organic film 354, i.e., a
film etched at a sufficiently low rate (e.g., silicon nitride
film), may be used instead of the titanium nitride film 356.

Next, as shown in Fiqure 15(b), a first resist pattern

25 357, having openings for forming wiring grooves, is formed by
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lithography on the titanium nitride film 356. Thereafter, the
titanium nitride film 356 is dry-etched using the first resist
pattern 357 as a mask, thereby forming a mask pattern‘358 out
of the titanium nitride film 356 as shown in Figure 15(c).

Subsequently, as shown in Figure 16(a), the first resist
pattern 357 is removed and then a second resist pattern 359,
having openings for forming contact holes, is formed on the
second silicon dioxide film 355. Then, the second siliéon di-
oxide film 355 and the organic film 354 are sequentially dry-
etched using the second resist pattern 359 as a mask, thereby
forming a patterned second silicon dioxide film 355A and a
patterned organic film 354A having openings 360 for forming
contact holes as shown in Figure 16(b). In this case, the
second resist pattern 359 is removed during the step of etch-
ing the organic film’354.

Next,las shown in Figure 16(¢c), the first silicon dioxide
film 353 is d?y-etched ﬁsing the patterned second silicon di-
oxide film 355A and the patferned organic film 354A as a mask,
thereby foﬁming a patterned first silicon dioxide film 353A
having contact holes 361. In this etching process step, the
mask pattern 358 is transferred to the patterned second sili-
con dioxide film 355A. Accordingly, openings for forming
wiring grooves are formed in the patterned second silicon di-
oxide film 355A.

Thereafter, as shown in Figure 16(d), the patterned or-

-~
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ganic film 354A is dry-etched using the mask pattern 358 and
the patterned second silicon dioxide film 355A lhaving the
openings for forming wiring grooves as a mask, thereby forming
the wiring grooves 362. In forming the wiring grooves 362, by
selecting such etching conditions that the first silicon di-
oxide film 353A is etched at a rate sufficiently 1ower‘than
that of the organic film 354A, sufficient selectivity can be
secured for the patterned first silicon dioxide film 353A.
Accordingly; the depth of the wiring grooves 362 can be de-
termined univalently at the sum of the thicknesses of the sec-
ond silicon dioxide film 355 and the organic film 354.

If the second resist pattern 359 may have been mis-
aligned with the first resist pattern 357, then the mask pat-

tern 358 should be dry-etched using the second resist pattern

359 as a mask before the second silicon dioxide film 355 is

dry-etched using the second resist pattern 359 as a mask.

That is to say, if the mésk pattern 358 is partially exposed
inside the openings of the second resist pattern 359 for
forming contact holes because of the misalignment of the sec-
ond fesist pattern 359 with the first resist pattern 357,
then the maék pattern 358 is dry-etched using the second re-
sist pattern 359 as a mask. In this manner, the openihgs of
the mask pattern 358 are expanded to include the openings for
forming Qiring‘grooves-and contact holes.

Subsequently, the silicon nitride film 352 is dry-etched
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using the patterned first silicon dioxide film 353A as a mask,
thereby forming a patterned silicon nitride film 352A and ex-

posing the first metal interconnects 351 within the contact

‘holes 361 as shown in Figure 17(a).

.Thén, as shown in Figure 17(b), an adhesion layer 363,
made of titanium nitride, 'is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 361 and the
wiring grooves 362. Thereafter, a metal film 364 is deposited
over the entire surface of the substrate to completely fill in
the contact holes 361 and the wiring grooves 362. In this em-
bodiment, the metal film 364 may be made of apy arbitrary
metal. For example, copper, aluminum, gold, silver, nickel,
cobalt, tungsten, or an alloy thereof may be used. Also, the
metal film 364 may be depositéq*by any arbitrary techniqué.
For instance, plating, CVD or sputtering may be employed.

Finally, as shown in Figure 17(c), respective portions
of the adheéion layer‘363,’the metal film 364 and the mask
pattern 358, which are deposited on the patterned second
silicon dioxide film 355A, are removed by a CMP technique,
for exampleg As a reéult, second metal interconnecté 355 and
contacts 366, connecting the first and second metai intercon-
nects 351 ana 365, are formed outlof the metal film 364.

It should be noted thét a multilevel interconnection
structure may be formed by forming respective films, inter-

connects and contacts on the second metal interconnects 365

AR I s e vap i ¢
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through the same process steps as those described above.

‘In this modified example of the third embodiment, while
the first resist pattern 357 is ashed and removed‘by oxygen
plasﬁa, the organic film 354 is not exposed to the oxygen
plasma, because the second silicon dioxide film 355 exists on
the organic film 354.

Also, in this example, the second resist pattern 359 is
removed while the second silicon dioxide film 355 and the or-
ganic film 354 are dry-etched using the second resist pattern
359 as a ﬁask. Accordingly, since there is no need to ésh and
remove the second resist pattern 359 with oxygen plasma, the

organic film 354 is not exposed to oxygen plasma.

EMBODIMENT 4

Next, an exemplary methqd for forming an interconnection
structure according to the fourth embodiment of the present
invention will be described with reference to Figures 18(a)
through 18(c¢), Figures 19(6) through 19(c¢) and Figures 20(a)
through 20(c).

First,\as shown in Figure 18(a), a silicon nitride film
402 is férmed over first metal interconnects 401 formed on a
semiconductor substrate 400. The silicon nitride film 402 is
formed to be 50 nm thick, for e*ample, and to protect the
first metal interconnects 401 during a subsequent etching

process step. Thereafter, a first low-dielectric-constant
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SOG film 403

(first insulating £ilm), having a
skeleton, is formed to be 1 um thick,
silicon nitride film 402.

siloxane
for example,

on the

Next, an organic-containing sili-

con dioxide film 404 (second insulating film), containing an
thick,

organic component in silicon dioxide, is deposited to be 50 nm
for example,
film 403.

on the first low-dielectric-constant SOG

o

10

Then, a second low~dielectric-constant SOG film 405

(third insulating film), having a siloxane skeleton, is formed
to be 400 nm thick,

4

for example,
silicon dioxide film 404.

on the organic-containing
And a titanium nitride film 406 is
formed to be 50 nm thick,

for example,
dielectric-constant SOG film 405.

on the second low-
The first and second low~dielectric-constant SOG films
403 and 405 may be HSQ films, for example. The organic-

15 containing silicon dioxide film 404 may be deposited by any

arbitrary technique. For example, the film 404 may be de-

20

posited by a CVD process using a reactive gas mainly composed

of phenyltrimethoxy silane. Then, an organic-containing sili-

con dioxide film 404, having a structure in which a phenyl

group bonded to a silicon atom is introduced into silicon di-
oxide, can be obtained.

It should be noted that a thin film showing high etch
selectivity with respect to the first
25

second

low-

and
dielectric-constant SOG films 403 and 405 and the organic-
containing silicon dioxide film 404, i.e., a film etched at a
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sufficiently low rate (e.qg., silicon nitride film), may be
used instead of the titanium nitride film 406.

Next, as shown in Figure 18(b), a first resist pattern
407, having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 406.. Theréafter, the
titanium nitride film 406 is dry-etched using the first resist
pattern 407 as a mask, thereby forming a mask pattern 408 out
of the titanium nitride film 406 as shown in Figure 18(c).

Subsequently, a second'resiét pattern 409, having open-
ings for forming contact holes, is formed by lithography on
the second low-dielectric-constant SOG film 405 without remov-
ing the first resist pattern 407. Then, the second 1low-
dielectric-constant SOG film 405 and the organic-containing~
silicon dioxide film 404 are sequentially dry-etched using the
second resist pattern 409 as a mask, thereby forming a pat-
terned second low—dielectric-éonstant SOG film 405A and a pat-
terned organic;confaihing silicon dioxide film 404A as shown
in Figure 19(a).’

Next, the first and second resist patterns 407 and 409
are ashed énd rémoved with oxygen plasma. As a result, a daﬁ—
aged layer 410 is unintentionallylformed in respective por-
tions of the patterned second low-dielectric-constant SOG film
405A and the first low-dielectric—coﬁstant SOG film 403, which
are exposed inside the openings for forming contact holes, as
shown in Figure 19(b).

54 ’}----:\J v N
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Then, the patterned second low-dielectric-constant SOG
film 405A is dry-etched using the mask pattern 408 as a mask,
thereby forming wiring grooves 412 in the patterned second
low~dielectric-constant SOG film 405A as shown in Figure 19(c).
At the-game time, the first low-aielectric-constant SOG film
403 is dry-etched using the patterned organic-containing sili—
con dioxide film 404A as a mask, thereby forming a patterned
first low—dielectric—constant SOG film 403A having contact
holes 411 as shown in Figure 19(c). By performing this dry-
etching‘pr0cess step, the damaged layer 410 can be removéd
from the patterned second low-dielectric-constant SOG films
405A andAthe first low-dielectric-constant SOG film 403.

Subsequently, the silicon nitride film 402 is dry-etched
using the patterned organic-containing silicon dioxidé film
404A as a mask, thereby forming a patterned silicon nitride
film 402A and exposing the first metal interconnects 401
within the contact holés 411 as shown in Figure 20(a).

Then, as shown in Figure 20(b), an adhesion layer 413,
made of titapium nitride, is deposited to be 50 nm thick, for
example, on the wall faces of the contact holes 411 and the
wiring grooves 412. Thereéfter, a metal film 414 is aeposited
over the entire surface df the substrate to completely fill in
the contact holes 411 and the wiring grooves 412. In this em-
bodiment, the metal film 414 may be made of any arbitrary

metal. For example, copper, aluminum, gold, silver, nickel,
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cobalt, tungsten, or an alloy thereof may be used. Also, the
metal film 414 may be deposited by any arbitrary technique.
For instance, plating, CVD or sputtering may be employed.

Finally, as shown in Figure 20(c), respective portions

of the adhesion layer 413, the metal film 414 and the mask

pattern 408, which are depoéitéd on the patterned second low-
dielectric-constant SOG film 405A, are removed by a CMP tech-
nigque, for example.l As a result, second metal interconnects
415 and contacts 416, connecting the first and second metal
interconnects 401 and 415, are formed out of the metal film
414.

It should be noted that a multilevel interconnection
structure may be formed by forming respective films, inter-
connects and contacts on the_sechd metal interconnects 415
through the same process steps as those described above.

In the foqrth embodiment; while the first and second re-
sist patterné 407 and 409 are ashed and removed with oxygen
plasma, a damaged layer 410 is formed in the first low-

dielectric-constant SOG film 403 and the patterned second

low-dielectric-constant SOG film 405A. But the damaged layer

410 can be removed while the contact holes 411 and the wiring
grooves 412 are formed.

Accordingly, the first and second low-dielectric-
constant SOG films 403 and'405 may be made of a material de-

gradable with oxygen plasma. For example, in general, if an
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HSQ film is exposed to oxygen plasma, Si-H bonds thereof are
oxidized and the content of water and the relative dieleétric
constant fhereof both increase to deteriorate the reliability
and performance of the device. However, according to the

fourth embodiment, the patterned first low-dielectric-

constant SOG film 403A, in which the contact holes 411 have

already been formed, and the patterned second low-dielectric-
constant SOG film 405A, in which the wiring grooves 412 have
already been formed, are not affected by oxfgen plasma any
more. Thus, even if an HSQ film is used as an interlevel in-
sulating‘film, the deterioration in reliability and perfor-

mance of the device can be avoided.

EMBODIMENT 5

Next, an exemplary method for forming an interconnection
structure according to.the fifth embodiment of the present
invention will be deécfibed with reference to Figures 21(a)
through 21(c), Figures 22(a) thrdugh 22(c) and Figures 23(a)
through 23(4d). |

First, as shown in Figure 21(a), a silicon nitride film
502 is formed over first metal interconnects 501 formed on a
semiconductor substrate 500. The silicon nitride film 502-is
formed to be 50 nm thick, for example, and to protect the
first metal interconnecﬁs 501 during a subsequént etching

process step. Thereafter, a. first organic film 503 (first
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insulating film), mainly cdmposed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon pi—
tride film 502. Then, a first silicon dioxide film 504 (sec--
ond insulating gilm) is deposited to be 100 nm thick, for
example, on the first organic film 503. Subsequently, a sec-
ond organic'film 505 (third insulating film), mainly composed
of an organic component, is deposited to be 300.nm thick, for
example, on the first silicon dioxide film 504. ©Next, a sec-
ond silicon dioxide film 506 (fourth insulating film) is de-

posited to be 200 nm thick, for example, on the second organic

film 505. And a titanium nitride film 507 (thin film) is de-

posited to be 50 nm thick, for example, on the second silicon

dioxide film 506.

The first and second organic films 503 and 505 may be
deposited by any arbitrary technique. For example, these
films 503 and 505 may be deposited by a plasma CVD process
ﬁsing a reactive gas ‘mainly composed of perfluorodecalin.
Also, hydrocarbon films or fluofine—containing hydrocarbon
films, forméd by plasma CVD, coating or thermal CVD, may be
used as the first and second organic films 503 and 505. More
specifically, the organic films 503 and 505 may be made of
polytetrafluoroethylene, oxygen-containing polytetrafluoro-
ethylene, polyimide fluoride or polyaryl ether.

The first and second.siiicon dioxide films 504 and 506

may also be deposited by any arbitrary technique. For exam-
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ple, these films 504 and 506 may be deposited by a plasma CVD
process.

It should be notea that a thin film showing high etch
selectivity with respect to the first and second organic
films 503 and 505 and the first and second silicon dioxide
films 504 and 506, i.e., a thin film etched at a sufficiently
low rate (e.g., silicon nitride film), may be used instead of
the titanium nitride film 507.

Next, as shown in Figure 21(b), a first resist pattern
508, having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 507. Thereafter, the
titanium nitride film 507 is dry-etched using the first resist
pattern 508 as a mask, thereby forming a mask pattern 509,
having openings for forming wiring grooves, out of the titani-
um nitride film 507 as shown in'Figure 21(c).

‘Subsequently, as .shown in Figqgure 22(a), the first resist
pattern 508 is reméve&tbQ'oxygen plasma, for example. In this
case, even if the first resist patﬁern 508 is ashed and ré—
moved using oxygen plasma, the quality of the second organic
film 505 does not deéradé, because the second silicon dioxide
film 506 exists on the second organic film 505 mainly composed
of an organic component.

Then, as shown in Figure 22(b), a second resist pattern
510, having openings for forming céontact holes, is formed by

lithography on the mask pattern 509. Thereafter, the second
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silicon dioxide film 506 is dry-etched using the second resist
pattern 510 and the mask pattern 509 as a mask, ﬁhereby form-
ing ‘a patterned second silicon dioxide film 506A having open-
ings for forming contact holes as shown in Figqure 22(c).

Next, the second érganic film 505 is dry-etched using the
patterned second silicon dioxide film 506A as a mask, thereby
forming a patterned second organic film 505A having openings
for férming contact holes as shown in Figqgure 23(a). In this
case, the second organic film 505 and the second resist pat-
tern 510 are both maihly composed‘of organic components, the
second organic film 505 is etched at a substantially equal
rate to that of the second resist pattern 510. Thus, when the
second organic film 505 is dry-etched, the second resist pat-
tern 510 is also removéd simultaneously. The patterned second
silicon dioxide film 506A functiéns as an etch Stopper during
dry-etching the second resist'pattern 510.

it should be noted that part.of the second resist pat-
tern 510 may be left in the process step of dry-etching the
second orga@ic film 505. This is because the residual second
resist pattern 510 can be removed during a subsequent process
step of dry-etching the first organic film 503 (see Figure
23(c)).

Theredfter, the patterned second silicon dioxide film
506A and the first silicon dioxide film 504 are dry-etched us-

ing the mask pattern 509 and the patterned second organic film
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505A as respective masks, thereby forming a patterned second
silicon dioxide film 506B having openings for forming wiring
grooves and a patterned first silicon dioxide film 504A having
openings for forming contact holes as shbwn in Figure 23(b).
Then,lthe patterned second organic film 505A and the fir-
st orgénic film 503 are dry-etched using the mask pattern 509
and the patterned first silicon dioxide film 504A as respec-
tive masks, thereby forming a patterned second organic film

505B having wiring grooves 511 and a patterned first organic

film 503A having contact holes 512 as shown in Figure 23(c).

Subsequently, the silicon nitride film 502 is dry-etched
using the pétterned first silicon dioxide film 504A as a mask,
thereby forming a patterned silicon nitride film 502A (see
Figure 23(d)) and expoéing the first metal interconnects 501
within the contact holes 512. Then, although not shown, an
adhesion layer, made of titanium nitride, is deposited to be
50 nm thick? for example, on the wall faces of the contact
holes 512 and‘the wiring grooves 511 as in the first embodi-
ment. Thefeafter, a metal film is deposited over the entire
surface of the substrate to completely £fill in the contact
holes 512 and the wiring grooves 511, In this embodiment, the
metal film may be made of any arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, cdbalt( tungsten, or
an alloy thereof may be used. Also, the metal film may be de-~

posited by any arbitrary technique. For instance, plating,
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CVD or sputtering may be employed. Finally, respective por-
tions of the adhesion layer, the metal film and the mask pat-
tern 509, which are deposited on the patterned second silicon
dioxide film 506B, are removed by a CMP technique, for exam-
ple. As a result, second metal interconnects 513 and con-
tacts 514, connecting- the first and second metal
interconnects 501 and 513 together, are formed as shown in
Figure 23(d).

It should be noted that a multilevel interconnection
structure may be formed by forming respeqtive films, inter-
connects and contacts on the second metal interconnects 513
through tﬁe same process steps as those described above.

In the fifth embodiment, while the first resist pattern
508 is being removed by oxygen plasma, for example, the qual-

ity of the second organic film 505 does not degrade. This is

‘because the second silicon dioxide film 506 exists on the

second organic film'505; which is 1likely to be damaged'by
oxXxygen plasma. :

Also, in this embodiment, the first silicon dioxide film
504 functions as an etch stopper during dry-etching fhe sec-
ond organic film 505. Accordingly, it is possible térprevent

the quality of the first organic film 503 from being degraded.

MODIFIED EXAMPLE OF EMBODIMENT 5

Next, a method for forming an interconnection structure

62 .. -7
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according to a modified example of the fifth embédiment will
be described with reference to Figures 24(a) through 24(c),
Figures 25(a) through 25(c), Figures 26(a) through 26(d),
Figures 27(a) and 27(b), Fiqures 28(a) and 28(b) and Figures
29(a) and 29(b).

First, as shown in Figure 24(a), a silicon nitride film
552 is formed over first metal intérconnects 551 formed on a
semiconductor substrate 550. The silicon nitride film 552 is
formed to be 50 nm thick, for example, and to protect the
first metal interconnects 551 during a subsequent etching
process step. Thereafter, a first organic film 553 (first
insulating film), mainly composed of an organic component, is

deposited to be 400 nm thick, for example, on_the silicon ni-

tride film 552. Then, a first silicon dioxide film 554 (sec-

ond insulating film) is formed to be 100 nm thick, for example,
on the first orggnic film 553. Subsequently, a second organic
film 555 (third insulating film), mainly composed of an or-
ganic component, is deposited to be 300 nm thick, for example,
on the first silicon dioxide film 554. ‘Next, a second silicon
dioxide film 556 (fourth insulating film)'is deposited to be
200 nm thick, for example, on the second organic film 555.
And a titanium nitride film 557 is deposited to be 50 nm
thick, for example, on the second‘silicon dioxide film 556.
The first and second organic films 553 and 555 and the

first and second silicon dioxide films 554 and 566 may be de-
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posited by any arbitrary technique as in the fifth embodiment.
Also, a thin film showing high etch selectivity with respect
to the first and second organic films 553 and 555 and the
first and second silicon dioxide films 554 and 556 may be
used instead of the titanium nifride film 557.

Next, as shown in Figure 24(b), a first resist pattern
558, having openings for forming wiring grooves, is formed on
the titanium nitride film 557. Theréafter, the titanium ni-
tride film 557 is dry-etched using the first resist pattern
558 as a mask, thereby forming a mask pattern 559, having
openings for forming wiring grooves, out of the titanium ni-
tride film 557 as shown in Figure 24(c).

Subsequently, aé shown in Figures 25(a) and 27(a), the
first resist pattern 558 is removed. Then, a second resist
pattern 560, having openings for forming contact holes, 1is
formed on the mask pattern 559 as shown in Figure 25(b). in
this modifiéd'example of the fifth embodiment, the sizes of
the openings of the second resist pattern 560 for forming con-
tact holes ére set larger than designed sizes of the contact
holes in respecﬁive directions vertical and parallel to wiriné
grooves for forming second metal interconnects. The reason
thereof will be described later.

Then, the second silicoﬁ dioxide film 556 is dry-etched
using the second resist pattern 560 and the mask pattern 559

as a mask, thereby forming a patterned second silicon dioxide
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film 556A having openings for forming contact holes as shown
in Figures 25(¢) and 27(b).

As described above, the sizes of the openings of the sec-
ond resist pattern 560 for forming contact holes are set
larger than designed sizes of the contact holes in respective
directions vertical and pafallel to wiring grooves for forming
second metal interconnects. Accordingly, even if the openings
of the second resist pattern 560 for forming contact holes
have misaligned with the openings'of the mask pattern 559 for
forming wiring grooves, the openings of the patterned second
silicon dioxide film 556A4for forming contact holes can be
formed to be self-aligned with the openings éf the mask pat-
tern 559 for forming wirihg grooves. This is because the
openings of the patterned second silicon dioxide film 556A for
forming contact holes are formed in respective regions where -
the openings of the seéond resist pattern 560 for forming con-
fact holes overlap>'ﬁi£h. corresponding openings of the mask
pattern 559 for forming wiring grooves.

In addition, the size of the openings of the second re-
sist patterﬁ 560 fér forﬁing contact holes is also extended in
the direction parallel to the wiring groo?es for forming sec-
ond metal interconnects. Thus, the contact area between con-
tacts 564 to be formed later and second metal interconnects
563 (see Figure 26(d)) expands. As a result, the contacts 564

can connect the first and second metal interconnects 551 and
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563 together with a lot more certainty.

Next, the second organic film 555 is dry-etched using the
patterned second silicon dioxide film 556A as a mask, thereby
forming a patterned second organic film 555A having openiﬁgs
for forming contact holes as shown in Figures 26(a) and 28(5).
In this case, the second organic film 555 and the second re-
sist pattern 560 are both mainly composed of organic compo-
nents, the second organic film 555 1is etched at a
substantially equal rate to that of thevsecond resist pattern
560. Thus, when the second organic film 555 is dry-etched,
the second resist pattern 560 is also removed simultaneously.
It should be noted that part of the second resist pattern 560
may be left in the process step of dry-etching the second or-
ganic film 555. This is because the residual second resist
pattern 560 can be removed during a subéequent process step
of dry-etching the first organic film 553 (see Figure 26(c)).

Thereafﬁef, 'the patterned second silicon dioxide film
556A and the first silicon dioxide film 554 are dry-etched us-
ing thé mask pat;ern 559 and the patterned second Qrganic film
555A as respéctive masks, thereby forming a patterned second
silicon dioxide film 556B having wiring grooves and a pattern-
ed first silicon dioxide film 554A having openings for forming
contact holes as shown in Figﬁres 26 (b) and 28(b).

Then, the patterned second organic film 555A is dry-

etched using the mask pattern 559 and the patterned second
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silicon dioxide film 556B as a mask, and the first organic
film 553 is dry-etched using the patterned first silicon diox-
ide film 554A as a mésk, thereby forming a patterned second
organic film 555B having wiring grooves 561 and a patterned

5 firsf organic film 553A having éontact holés 562 as shown in
Figures 26(c) and 29(a).

Subsequently, the silicon nitride film 552 is dry-etched
using the patterned first silicon dioxide film 554A as a mask,
thereby forming a éétterned silicon nitride film 552A (see

10 Figure 26(d)) having contact holes, and exposing the first

metal interconnects 551 within the contact holes 562. Then,

although not shown, an adhesion layer, made of titanium ni-.

tride, is deposited to be 50 nm thick, for example, on the

wall faces of the contact holes 562 and the wiring grooves

15 561 as in the first embodiment. Thereafter, a metal film is
deposited over the entire surface of the substrate to com-.
pletely f£ill in the coﬁtact holes 562 and the wiring grooves
561. Finally, respective portions of the adhesion layer, the
metal film and the mask pattern 559, which are deposited on

20 the patterﬁed secdnd silicon dioxide film S556B, are removed
by a‘CMP technique, for example. As a result, second metal
interconnects 563 and contacts 564, connecting the first and
second metal interconnects 551 and 563 together, are formed
as shown in Figures 26(d) and 29(b).

25 It should be noted that a multilevel interconnection
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structure may be formed by forming respective films, inter-
connects and contacté on the second metal interconnects 563
through the same process steps as those described above.

According to this modified example of the fifth embodi-
ment, the sizes of the openings of the second resist pattern
560 for forming contact holes are set larger than designed
sizes of the contact holes in respective directions vertical
and parallel to the wiring grooves for forming the second
metal interconnects. Thus, even if the openings oflfhe second
resist pattern 560 for forming contact holes have misaligned
with the openings of the mask pattern 559 for.forming wiring
grooves, the openings of the patterned second silicon dioxide
film 556A for forming contact holes can be formed to be self-
aligned with the openings of the mask pattern 559 for forming
wiring grobves. This is because the openings of the patterned
second silicon dioxide film 556A for forming contact holes are
formed in respective fegions where the openings of the second
resist pattern 560 for forming contact holes overlap with cor-
responding openings of the mask pattern 559 for forming wiriné
grooves. Aécordingiy, the connection between the contacts 564
and the second metal interconnects: 563 is ensured.

In addition, the éize of the openings of the second re-
sist pattern 560 for forming contact holes is also extended in
the direction parallel to the wiring grooves for forming the

second metal interconnects. Thus, the contact area between
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contacts 564 and the second metal interconnects 563 expands.
As a result, the contacts 564 can conﬁect the first and second
metal interconnects 551 and 563 together with a lot more cer-
tainty.

5 Figure 36 illustrates a posifional relationship between
the openings of the mask pattern 559 for forming wiring
grooves and those of the second resist pattern 560 for forming
contact holes in this modified example of thé fifth embodi-
ment. As shown in Figure 36, the size of the openings of the

10 second resist pattern 560 for forming contact holes are larger

than the designed size.

Figure 37(a) illustrates respective positional relation-
ships between the mask pattern 559'and the second resist pat-

tern 560 and between a first metal interconnect 551 and a

15 contact 564 in this modified example of the fifth embodiment.
Specifically, the upper- part of Figure 37(a) illustrates a
positional relationshiplbétweén an.opening of the mask pat-
tern 559 for forming a wiring groove and an associated open-
ing of fhe second resist pattern 560 for forming a contact

20 hole. The;middle paft of Figure 37(a) illustrates the cross
section of the upper part taken clong the line A-A. And the
lower part of Figure 37(a) illustrates a poéitional relation-
ship between a first metal interconnect 551 and an associated
contact 564. Fiqure 37(b) illustrates respective positional

25 relationships between the mask pattern 509 and the second re-
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sist pattern 510 and between a first metal interconnect 501
and a contact 514 in the fifth embodiment. Specifically, the
upper part of Figuré 37(b) illustrates a positional relation-
ship between an opening of the mask pattern 509 for forming a
wiring groove and an assopiated opening of the second resist
pattern 510 for forming a contact hole. The middle part of
Figure 37(b) illustrates the cross section of the upper part
taken along the line B-B. And the lower part of Figure 37(b)
illustrates a positional relationship between a first metal
interconnect 501 and an associated contact 514.

Setting the size of an opening of the seéond resist pat-
tern 510 for forming a .contact hole at the designed size
thereof as in the fifth embodimenf, if the opening of the sec-
ond resist pattern 510 for forming a contact hole has mis-
aligned with an associated opening of the mask patterﬂ'509 for
forming a wiring groove, then the contact area (indicated by
hatching) betwéeh the‘contact 514 and the first metal inter-
connect 501 greatly decreases as can be seen from Figure
37(b). In contrast, setting .the size of an opening of the
second resi;t pattern 550 for forming a contact hole larger
than the designed size thereof as in this modified example of
the fifth embodiment, even if ﬁhe opening of the secdnd reéist
pattern 560 for forming a contact hole has misaligned witﬁ an

associated opening of the mask pattern 559 for forming a wir-

'ing groove, the contact area (indicatéd by hatching) between
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the contact 564 and the first metal interconnect 551 does not

decrease so much as can be seen from Figure 37(a).

EMBODIMENT 6

Next, an exemplary method for forming an interconnection
structuré according to the sixth embodiment of the present
invention will be described with reference to Figures 30(a)
through 30(c), Figures 31(a) through 31(c) and Figures 32(a)
through‘32(c).

First, as shown in Figqgure 30(a), a silicon nitride film
602 is formed over first metal interconnects 601 formed on a
semiconductor substrate 600. The silicon nitride film 602 is
formed to be 50 nm thick, for example,land to protect the
first metal interconnects 601 during a subsequent etching
process step. Thereafter, a first organic film 603 (first
insulating film), mainly composed of an organic component, is
deposited to be 400 nm thick, fof example, on the silicon ni-
tride film 602. Then, a silicon dioxide film 604 (second in-
sulating film) is deposited to be 100 nm thick, for example,
on the first organic film 603. Subsequently, a second organic
film 605 (thifd insulatiﬁg film), mainly composed of an or-
ganic component, is deposited to be 300 nm thick, for example,
on the silicon dioxide film 604. And a titanium nitride film
606 (thin film) is deposited to be 50 nm thick, for example,

on the second organic film 605.

B
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The first and second organic films 603 and 605 may be
deposited by any arbitrary technique. For example, these
films 603 and 605 may be deposited by a plasma CVD process
using a reactive gas mainly composed of perfluorodecalin.
Also, hydrocarbon films or fluofine—containing hydrocarbon
fiims, formed by plasma CVD, coating or thermal CVD, may be
used as the first and secbnd organic films 603 and 605. More
specifically, the organic films 603 and 605 may be made of
polytetrafluoroethylene, oxygen-containing polytetrafluoro-~
ethylene, polyimide fluoride or polyaryl ether.

The silicon dioxide film 604 may also be»deposited by
any arbitrary fechnique. For example, the film 604 may be
deposited by a plasma CVD process.

It should be noted that a thin film showiné high etch
selectivity with respect to the first and second organic

films 603 and 605 and the silicon dioxide film 604, i.e., a

~thin film etched at a sufficiently low rate (e.g., silicon

nitride film), may be used instead of the titanium nitride
film 606. |

Next, as showﬁ in Figure 30(b), a first resist pattern
607, having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 606. Thereafter,‘the
titanium nitride film 606 is dry-etched usin§ the first resist
pattern 607 as a mask, thereby forming a mask pattern 608,

having openings for forming wiring grooves, out of the titani-
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um nitride film 606 as shown in Figure 30(c).

Subsequently, as shown in Figure 31(a), the first resist
pattern 607 is removed using an organic parting agent, for ex-
ample. In such a case, since the second organic film 605 is
not exposed to oxygen plasma, the quality of the second or-
ganic film 605 does not degrade.

Then, as shown in Figure 31(b), a second resist pattern
609, having openings for forming contact holes, is formed by
lithography on the mask pattern 608. Then, the second organic
film 605 is dry-etched using the second resist pattern 609 and
the mask pattern 608 as a mask, thereby forming a patterned
second organic film 605A having openings for forﬁing contact
holés as shown in Figure 31(c). In this case, the second or-
ganic film 605 and thé second 'éesist pattern 609 are both
mainly éomposed of organic components, the second organic film
605 is etched at a substantially equal rate to that of the
second resist pattern 609. Thus, when the second organic film
605 is dry-etched, the second resist pattern 609 is also re-
moved simultaneously.

It should be noted that part of the second resist pat-
tern 609 may be left in the process step of dry-etching the
second organié film 605. This is becausé,the reéidual second
resist pattern 609 can be removed during a subsequent process
step of dry-etching the first organic film 603 (see Figure

32(b)).
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Thereafter, the silicon dioxide film 604 is dry-etched
using the patterned second organic‘film 605A as a mask, there-
by forming a patterned silicon dioxide film 604A having open-
ings for forming contact holes as shown in Figure 32(a).

Then, the patterqed second organic film 605A and the fir-
st ofganic film 603 are dry-etched using the mask pattern 608
and the patterned silicon dioxide film 604A as respective
masks, thereby forming . a pafterned second organic film 605B
having wiring grooves 610 and a patterned first organic film
603A having con?act holes 611 as showﬁ in Figure 32(b).

Subsequently, the pafterned silicon dioxide film 604A and
the silicon nitride film 602 are dry-etched using the mask
pattern 608 and the pattérned first organic film 603A as re-
spective masks, thereby forming a patterned silicon dio#ide
film 604B having wiring grooves (see Figure 32(c)) and a pat-
terned silicon nitride film 602A having the contact holes (see
Figure 32(c)), and exposing the first metal interconnects 601
within the contacf holes 611. Then, although not shown, an
adhesion layer, made of titanium nitride, is deposited to be
50 nm thick, for example, on the wall faces of the contact
holes 611 and the wiring grooves 610 as in the first embodi-
ment. Thereafter, a metal film is deposited over the entire
surface of the substrate to bompletely £ill in the contact
holes 611 and the wiring grooves 610. In this embodiment; the

metal film may be made of any arbitrary metal. For example,
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c0p§er, aluminum, gold, silver, nickel, cobalt, tungsten, or
an alloy thereof may be used. Also, the metal film may be de-
posited by any arbitrary téchnique. For instance, plating, va
or sputtering may be employed. Finally, respective portions
of the adhesion 'layer, the metal film and the mask.pattern
608, which are deposited on the patterned second organic film
605B, are rémoved by a CMP technique, for example. As a re-
sult, second mefal interdonnectsl612 and contacts 613, con-
necting the first and second metal interconnects 601 and 612
together, are formed as shown in Figure 32(c).

It should be noted that a multilevel interconnection
structure may be formed by forming reSpective films, inter-
connects énd contacts on the sécond metal interconnects 612
through the same process steps as those described above.

In the sixth embodiment, a patterned second organic film
605B, having wiring grooves 610, and a patterned first organic
film 603A, having Edﬁfac£.holes 611, are formed by a single
dr?-etching process using the maék pattern 608, having the
openings for forming wiring grooves, and the patterned silicon
éioxide filﬁ 604A as respéctive masks. That is to say, the
wiring grooves 610 and the contacf holes 611 can be formed
during thé same etching process step. Accordingly, a dual
damascene structure can be formed with the increase in number
of process steps suppressed.

Also, in the sixth embodiment, since the first resist
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pattern 607 is removed by an organic parting agent, fo£ exam-
ple, the quality of the second organic film 605 does not de-
grade.

Furthermore, in this embodiment, thé silicon dioxide
film 604 functions as an etch stopper during dry-etching the
second organic film 605. Accdrdingly, it is pqssible to pre-

vent the quality of the first organic film 603 from being'de—

'graded.

MODIFIED EXAMPLE OF EMBODIMENT 6

Next, a method for forming an interconnection structgre
according to a modified example of the sixth embodiment will
be described with reference to Figures 33(a) through 33(c),
Figures 34(a) through 34(c) and Figures 35(a) through 35(c).

Fi:st, as shown in Figure 33(a), a silicon nitride film
652 is formed over first metal interconnects 651 formed on a
semiconductor substrafé”éso. The silicon nitride film 652 is
formed to be 50 nm thick, for example, and to protect the
first metai interconnects 651 during a subsequent etching
process step. Theréafté;, a first organic film 653 (first
insulating film), mainly composed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon ni-
tride film 652. Then, a silicon dioxide film 654 (second in-
sulating film) is deposited to bé 100 nm thick, for example,

on the first organic film 653. Subsequently, a second organic
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film 655 (third insulating film), mainly composed of an or-
ganic component, is deposited to be 300 nm thick, for example,
on the silicon dioxide film 654. And a titanium nitride film
656 (thin film) is deposited to be 50 nm thick, for example,
5 on the second organic film 655.

The first and second organic films 653 and 655 may be
deposited by any arbitrary technique. For example, these
films 653 and 655 may be deposited by a plasma CVD process

using a reactive gas mainly composed of perfluorodecalin.

10 Also, hydrocarbon films or fluorine-containing hydrocarbon
b films, formed by plasma CVvD, coating or thermal CVD, may be
used as the first and second organic films 653 and 655. More

specifically, the organic films 653 and 655 may be made of

polytetrafluoroethylene, oxygen-containing polytetrafluoro-

15 ethylene, polyimide fluoride or polyaryl ethér.

The silicon dio#ide_film 654 may also be depositéd by
any arbitrary techniéﬁeé For example, the film 654 may be
deposited by a plasma CVD process.

It should be noted that a thin film showing‘high etch

20 selectivity with reépeét to the first and second organici
films 653 and 655 and the silicop dioxide film 654, i.e.; a
thin film etched at a sufficiently low rate (e.g., silicon
nitride film), may be used instead of the titanium nitride
film 656. |

25 Next, as shown in Figure 33(b), a first resist pattern

AT e
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657, having openings for forming wiring grooves, is formed by
lithography on the titanium nitridé film 656. Thereafter, the
titanium nitride film 656 is dry-etched using the first resist
pattern 657 as a mask, thereby forming a mask pattern 658,
having openings for forming wiring grooves, out of the titani-
um nitride film 656 as shown in Figure 33(c).

Subsequently, as shown in Figure 34(a), the first resist
pattern 657 is removed by an organic parting agent, for exam-
ple. In such a case, since the second organic film 655 is not
exposed to oxygen plasma, the quality of the second organic
film 655 does not degrade.

Then,'as shown in Figure 34(b), a second resist pattern
659, having openings for forming contact holes, is formed by
lithography on the mask pattern 658. In this modified example
of the sixth embodiment, the sizes of the openings of the sec-
ond resist pattern 659 for forming contact holes are set
larger than designed sizes of the contact holes 'in respective
directions vertical and parallel to the wiring grooves for
forming seéoﬁd metal interconnects. The reason thereof will
be described later.

Next, the second organic film 655 is dry-etched using the
éecond resist patte;n 659 and the mask pattern 658 as a mask,
thereby forming a pattérned second organic film 655A having
openings for forming contact holes as shown in Figure 34(c).

In this case, the second organic film 655 and the second re-

Co smap TR ot
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sist pattern 659 are both mainly composed of organic compo-
nents, the second‘organié film 655 is etched at a substantial-
ly equal rate to that of the second resist pattern 659. Thus,
when the second organié film 655 is dry-etched, the second re-
5 sist pattern 659 is also removed simultaneously. It should be
noted that part of the second resist pattern 659 may be left
in the process step of dry-etching the second organic filh
655. This is because the residual second resist pattern 659
can be removed during a sﬁbsequent process step  of dry-

10 etching the first organié film 653 (see Figure 35(b)).
Thereafter, the silicon dioxide film 654 1is dry-etched
using the patterned second organic film 655A as a mask, there-
by forming a patterned second silicon dioxide film 654A having

openings for forming contact holes as shown in Figure 35(a).

=]

15 Then, the patterned secona organic film 655A and the fir-
st organic film 653 areldry—etChed using the mask pattern 658
énd the patterned ’giiiébn dioxide film 654A as respective
masks, thereby forming a patterned second organic film 655B
having wiring grooves 669 and a patterned first organic film

20 653A having contact ﬂSiééJGGI as shown in Figure 35(b).

Subsequently, the patterned silicon dioxide film 654A and
the silicon nitride film 652 are dry-etched using the mask
pattern 658 and thé patte;ned first organic film 653A as re-
spective masks, thereby forming ‘a patterned silicon dioxide

25 film 654B having wiring grooves (see Fiqure 35(c)) and a pat-
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terned silicon nitride film 652A having the contact holes (see
Figure 35(c)), and exposing the first metal interconnects 651
within the contact holes 661. Then, although not shown, an
adhesion layer, made of titanium nitride, is deposited to be
50 nm thick, for example, on the wall faces of the contact
holes 661 ‘and the wiring grooves 660 as in the first embodi-
ment. Thereafter, a metal film is deposited over the entire
surface of the substrate to completely fill in the contact
holes 661 and the wiring grooves 660. In this embodiment, the
metal film may be made of any arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, cobalt, tungsten, or
an alloy thereof may be used. Also, the metal film may be de-
posited by any arbitréry technique. For instance, plating, CVD
or sputtering may be employed. Finally, reSpéctive portions
of the adhesion layer, the metai film and the mask pattern
658, which are deposited on the patterned second organic film
655B, are rehoved:by a CMP techﬂique; for exémple. As a re-'
sult, second metal intechnnects 662 and céntacts 663, con-

necting the first and second metal interconnects 651 and 662

together, are formed ‘as shown in Figure 35(c).

It should be noted that a multilevel interconnection
structure may be formed by forming respective films, inter-
connects and contacts on the second metal interconnects 662
through the same process steps as those deséribed above.

In this modified example of the sixth embodiment, the

L P TSI (YT 4,

Page 148 of 388



10

15

20

25

sizes of the openings of the second resist pattern 659 for
férming contact holes are set larger than designed sizes of
the contact holes in respective directions vertical and paral-
lel to the wiring grooves for forming the second metal inter-
connects. .Accordingly, even if the openings of the second
resist pattern 659 for forming confact holes have misaligned
with the openipgs of the mask pattern 658 for forming wiring
grooves, the openings of the patterhed second organic film
655A for forming contact holes can be formed to be self-
aligned with the openings of the mask pattern 658 for forming
wiring grooves. This is because the openings of the patterned
second organic film 655A for forming contact holes are formed
in respective regions where the openings of the second resist
pattern 659 for forming contact hoies overlap with correspond-
ing openings of the mask Vpattern 658 for forming wiring
grooves. Accordingly, the connec£ion between the contacts 663
and the second metal iﬁtefconnects 662 is ensured.

In addition, the size of the openings of the second re-
sist pattern 659 for forming contact holes is also extended in
the direction paréllei"té'the wiring grooves for forming sec-
ond metal interconnects. Thus, the contact area between the
contacts 663 and the second metal interconnects 662 expands.
As a result, the cohtacts 663 can cohnect ﬁhe first and second
metal interconnects 651 and 662 together with a lot more cer-

tainty.

81
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A method for forming an interconnection structure,
compkising the stepé of:

a) forming a first insulating film over lower-level
metal interconnects;

b) forming a second insulating film, having a different
composition than that of the first insulating film, over the
first insulating film;

c¢) forming a third insulating film, having a different
composition than thét of the second insulating film, over the
second insulqting film;

d) forming a thin film over the third insulating film;

e) forming a first'resist pattern on the thin film, the
first resist. pattern having openings for forming wiring
groo&es;

f) etching the thin film‘using the first resist pattern
as a mask, thereby fofming a mask pattern out of the thin
film to have the openings for forming wiring grooves;

g) forming a second resist pattern on the third insulat-
ing film, the secoﬁd résist pattefn having openings for form-
ing contact holes;

h) dry-etching the third insulating film under such con-
ditions that the third insulatiné film and the first and sec-
ond resist patterns are etched at a relatively high rate and

that the second insulating film is etched at a relatively low

YA TRANSITTRORCIRDI .,
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rate, thereby patterning the third insuiating film to have
the openings for forming contact holes and removing the first
and second resist patterns either entirely or partially with
respective lower parts thereof left;

i) dry-etching the second insulating film using the pat-
terned third insulating film as a mask under such conditions
that the second insulating film is‘ etched at a relatively
high rate and that the first and third insulating films are
etched at a relatively low réte, thereby pattefning the sec-
ond insulating film to have the openings for forming contact
holes;

j) dry-etching the third and first insulating films us-
ing the mask pattern and the patterned second insulating film
as respective masks under such conditions that the first -and
third insulating films are etched at a relatively high rate
and that the mask pattern and the second insulating film are

etched at a relatively low rate, thereby forming wiring

grooves and contact holes in the third and first insulating

films, fespectively; and

k) filling iﬁ'ﬁhe wiring grooves and the contactvholes
with a metal film, thereby forming upper-level metal intercon-
nects and contacts connecting the lower- and upper-level metal
intercoﬁnects'together.

2. The method of Claim 1, further comprising the step of

forming a metal adhesion layer over part of the third insulat-

T ARSI T %
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ing film exposed inside the wiring grooves and part of the
first insulating film exposed inside the contact holes between
the stepé j) and k).

3. The method of Claim 1, wherein fhé third insulating.
film is mainly composed of annorganic component .

4. The method of Claim 3, wherein the step c) includes
forming the third insulating film by a CVD process using a re-
active gas containing perfluorodecalin.

5. The method qf Claim 3, wherein the first insulating
film is mainly composed‘of’an organic component.

6. The method of Claim 5, further comprising the step of
forming an adhesion layer over patt of the third insulating
film exposed inside the wiring grooves and pért of the first
insulating film exposed inside the contact holes by a plasma
process using a reactive gas Containing nitrogen between the
steps j) and k).

7. The method“of”Cléim 3, wherein the step a) includes
forming thelfirst insulating film by a CVD process using a re-
active gas containing perfluorodecalin.

/ﬁ( A method foilnfnrming an interconnection structure,
comprising the steps of:

a) forming a first insulating film over lower-level
metal interconnects;

b) forming a second insulating film, haning a different

composition than that of the first insulating film, over the

84 -5l
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first insulating film;

c) forming a third insulating film, having a different
composition than that of the second insulating film, over the
second insulating film;

d) forming a thin film over the third insulating film;

e) forming ‘a first resist pattern on the thin film, the
first resist pattern having openings for forming wiring
grooves;

f) etching the thin film using the first resist pattern
as a mask, thereby forming a mask pattern out of the thin
film to have the openings for forming wiring grooves;

g) forming a second resist pattern on the third insulat-
ing film,‘the.second resist pattern having openings for form-

ing contact holes;

h) dry-etching the third insulating film using the first
and second resist patterns as a mask under.such conditions
that the thifd'inshiatiﬁg film is etched at a relatively high
rate and that the second insulating film and the first and
second résist patterns are etched at a relatively low rate,
thereby patterning the third ’insulating film to havé the
openings for forming contact holes;

i) dry-etching the second insulating film using the fir-
st and second resist patterns as a mask under such conditioné
that the second insulating film is etched at a relatively

high rate and that the first and third insulating films and

T A AT A AR .
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the first and second resist éatterné are etched at a rela-
tively low rate, thereby patterning the second insulating
film to have the openings for forming contact holes; ~

J) removing the first and second resist patterns;

k) dry-etching the third and fifst insulating films us-
ing the mask pattern and the patterned second insulating film
as respective masks under such conditions that the first and
third insulating films are etched at a relatively high rate
and that the mask pattern and the .second insulating film are
etched at a relatively low rate, thereby forming wiring
grooves and contact holes in the third and first insulating
films, respectively; and

1) %illing in the wiring grooves and th; contact héles
with a metal film, therebyqurming}upper-level metal intercon-
nects and contacts connecting the lower- and upper-level metal
interconnects together.

9. Tﬁe method df.éléim 8, wherein the third insulating
film is a low-dielectric-constant SOG film with a siloxane
skeleton.

'ygf A method for:féfming an interconnection structuref
comprising the steps of:

a) forming a first insulating film over lower-level
metal interconnects;

b) forming a second insulating film, having a different

composition than that of the first insulating film, over the
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first insulating film;

c) forming a third insulating film, having a different
composition than that of the second insulating film, over the
second insulating film; -

d) forming a fourth insulating film, having a different
composition than that of the third insulating film, over the
third insulating film;

e) forming a.thin film over the fourth insulating film;

f) forming a first resist pattern on the thin film, the
first resist pattern having openihgs for forming wiring
grooves;

g) etchihg the thin film using the first resist pattern
as a mask, thereby formiﬂg a mask patfern out of the thin
film to have the openingé for forming wiring grooves;

h) removing the first resist pattern and then forming a
second resist pattern on the fourth insulating film aﬁd the
mask pattern, the”éecondvresist pattern having openings for
forming contact holes;

i) dryfetching the fourth insulating film using the sec-
ond resist patterﬁ;aﬁd:fhe ﬁask'pattern as a mask, thereby
patterning the fourth insulating film to have the openings
for forming contact holes;

j) dry-etching the third insulating film using the pat-
terned fourth insulating film as a mask, thereby patterning
the third insulating film to have the openings for forming

A T A SN AT e
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contact holes;

k) dry-etching the patterned fourth insulating film and
the second insulating film using the mask pattern and the
patterned third insulating film és respective masks, thereby
forming wiring grooves in the patterned fourth insulating
film and patterning the second insulating film to have ﬁhe
openings for forming contact holes;

1) dry-etching the patterned third insulating film and
the first insulating film using the mask pattern and the pat-
terned sécond insulating film as respective masks, thereby
forming the wiring grooves and the contact holes in'the pat-
terned third insulating film and the first insulating film,
respectively; and

m) filling in the wiring grooves and the contact holes
with a metal film, thereby forming upper-level metal intercon-
nects and contacts connecting the lower- and upper-level metal
interconnects together.

11. Thé method of Claim~10,'wherein at least one of the
first and third insulating films is mainly composed of an or-
ganic component.“

12. The method of Claim 10, wherein a size of the open-
ings of the second resist pattern for forming contact holes
is larger than a designed size of the contact holes in a di-
rection vertical to a direction in which the upper-level
metal interconnects extend.
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13.,/A method for forming an interconnection structure,

comprising the steps of:

a) forming a first insulating film over lower-level
metal interconnects; |

b) forming a second insulating film, having a different
composition than that of the first insulating film, over the
first insulating film;

c) forming a third insulating film, having a different
composition than that of the second insulating film, over the
second insulating film;

d) forming a thin film over the third insulating film;

e) forming a first resist pattern on the thin film, the
first resist pattern having openings for forming wiring.
grooves;

f) etching the thin film using the first resist pattern
as.a mask, thereby forming a mask pattérn oﬂt of the thin
film to have the openingé for forming wiring grooves;

g) removing the first resist pattern and then forming a
second resiét pattefﬁ on the third insulating film and the
mask pattern, the second resist pattern having openings for
forming contact holes;

h) dry-etching the third insulating film using the sec-
ond resist pattern and the mask pattern as a mask, thereby
patterning the third insulating film to have the openings for

forming contact holes;

SN SRR ALTDIIS S R,
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i) dry-etching thé second insulating film using the pat-
terned third insulating film as a mask, thereby patterning
the second insulating film to have the openings for forming
contact holes;

j) dry-etching the patterned third insulating film and
the first insulating film using the mask pattern and the pat-
terned second insulatin§ film as respective masks, thereby
forming wiring grooves and contact' holes in the patterned
third insulating fiim and the first insulating film, respec-
tively; and

k) filling in the wiring grooves and the contact holes
with a metal film, thereby forming upper-level metal intercon-
nects and contacts connecting the lower- and upper-level metal
interconnects together.

14. The method of Claim 13, wherein at least one of the
first and third insulating films is mainly composed of an or-
ganic component.

15. The method of Claim 13, wherein a size of the’open-
ings of the second resistApattern for forming contact holes
isvlargér than a desiéﬁed size of the contact holes in a di-
rection vertical to a direction in which the upper-level

metal interconnects extend.
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ABSTRACT OF THE DISCLOSURE

'In a method for forming an interconnection structure,
first, second and third insulating films and a thin film are
sequentially formed over lower-level metal interconnects.
Then, the thin film is masked with a first resist pattern and
etched to form a mask pattern with openingé for intercon-
nects. Next, the third insulatin§ film is masked with a sec-
ond resist pattern and dry-etched such that the third
insulating film and the first and second resist patterns are

etched at a high rate and that the second insulating film is

etched at a low rate to form openings for contact holes in

the third insulating film and remove the first and second re-

sist patterns. Then, the second insulating film is masked
with the third insulating film and dry-etched such that the
second insulating film ;s etched .at a high rate and that the
first and third insulating films are etched at a low rate to
form the openings for'cbﬁiact holes in the second insulating
film. Then, the third and first insulating films are masked .
with the mask pattern and the second insulating film, reépec—
tively, and dry—etéhed‘such that the first and third insulat-
ing films are etched at a high rate and that the mask pattern
and the second insulatiﬁg film are etched at a low rate to
form wiring grooves and contact holes in the third and first
insulating films, respectively. Finally, upper-level metal

interconnects and contacts are formed.

91

‘Page 159 of 388




BEST COPY

. PRINT OF DRAWINGS
AS ORIGINALLY FILI

SSSSSSS\ S 106

Fig.1(a)

7 V10
N \\\\—100

- 107
e 106
T A R R T N -

——105

- | —— 104
P : —~—103

~— 101

ANRN

i
L=
&

Fig.1(c) | 105

e oo .. .- Page 160 of 388




g

| PRINT OF DRAWINGS
} AS ORIGINALLY FILE

" Fig.2(a)

Fig. 2(b)

Fig.2(c) llof

Page 161 of 388

= =) o

—— 104
——103

7

an

——102
101

\\\\\—\, 100

111—




fai]
=
L5
[
H
k]

LA

SN

E

i ]
)
.'—."_Z‘

PRINT OF DRAWINGS
AS ORIGINALLY FILE

| | 108

N S/
N 1054
111 ﬁ 104A
. 110 ——L ——1034
Fig. 3(a) : —~—102A
R
\\\Nmo

S . .

113
112
\\\\ Wma
NN S 105A
. NE—BNE—— 104A
Fig. 3(b) N N ~—1034A
: T ] '—\"102A
A VA— 01

\\\\\w s

112~ |
114 TN | 105A
L | —104A

/ ——103A

Fig.3(c)

——102A

=101

Page 162 of 388

-
| \\\\\R«mo |




i PRINT OF DRAWINGS

PR T

AS ORIGINALLY FILI

Fig. 4(b)

Fig.4(c)

Page 163 of 388

A R Y

106
__—105

—— 104

. ——103

A =

——102
——101

—— 100

NN

R R NN

107
106
__—105

——104

——103

——102

——101

NN

—— 100

107

108
105

——104

—— 103

——102

L

——101

—— 100

AN




Fig. 5(a)

i I I0H

A T Ay

 Fig.5(b)

Fig.5(c)

© Page 164 of 388

RN

70—

108
1054

——104

——103

70—

102

AN

——~—101
—~—100

S 108
F§§§§Lﬂf-7§§§§§%{/ﬁ

|_—105A

———104A

[ ™~—103
4 102

SN\



BRI

e i

=
Pt
o=
£ &
=

RINT OF DRAWINGS

Fi'gl. 6 (a)

Fig. 6(b) |

Fig. 6(c)

Page 165 of 388

111 ———1— __—105A
» ——104A
10— ™—103A

= -0

AN -0

111 ——— __—105A
i —— 104A
10— — ——103A
- 7 ' "
/C%??CZ?§-~\\\_}8?A
N \\—'100
112 | |
| 105A
Ry N T
110 — ¢ _—103A
» ——1024A
TZIS "
N ,\:\\\;\\\\ ~—100



I

et Ey ]

A

| PRINTOF DRAWINGS g
| ASORIGINALLY FILI

Fig.' 7(a)

Fig.?(b)

Fig. 7(c)

Page 166 of 388

,\\\\

108
———105A

——104

[™—103

=

™—102

NN

N

~—101

[~ 100

<108

——105A

——104A

| ™~-103

77 = =10

\\\\

\\— 100




TN b

,,
LI

o

AAAAA
.......

: PRINT OF DRAWINGS
1 ASORIGINALLY FILE

o 1 2

111 +—}—

110 -

Fig.8(a>

AN

m AN

111 ——~—

108
1054

——104A

110-

1034

Fig.8(b)_

//////

[ ™—102A

NN

112

114 -

N\ Y
P A 4
\ /

1054

__—104A

——103A

Fig.8(c) 1151——

[ —102A

=

\\\“\~—100

' Page 167 of 388



. PRINT OF DRAWINGS
| ASOQRIGINALLY FILE!

—/"206

—— 205
—— 204

203
202

T l' i N
\\\\\\”200

207

——204
——203
9 2 [ ~—202
AR e N

AN

Fig.9(a)

R

R

L

Fig.9(b)

Page 168 0f 388 o




.- PRINT OF DRAWINGS
AS ORIGINALLY FILI

Fig.10(a)

Fig. 10(b)

Fig. 10 (c)

Page 169 of 388

208
[JSST:::zosA

—— 204

——203

——202

201

OO\

208

Sl R
—204A

| —— 203

4 7 ——202

8 \\\\;\\\:\\—~\-2oo

| \ 208
4 [ F§S"”"205A
| | _—204A
210———+ | | ——203A

T ~— 202

AN \\\—\’ 200



PRINT OF DRAWINGS
AS ORIGINALLY FILE

211 —T—~4—

Fig. 11(a)

Wb i o

.‘!!uﬂ b !g“

£

Fig. 11(b)

HE
P
Hof

212 |
214 KSSy—/”gﬁﬁ

Fig.11(c) 215 TR § - 203A

Page 170 of 388



T b

L gy

i
=
Y

PRINT OF DRAWINGS
AS ORIGINALLY FILE

Fig. 12 (a)

Fig. 12(b)

Fig. 12(c)

‘Page 171 of 388

© RTINS

* \\\\\

ANNN

V/J*\K_ 302

/]
NN

/

R RS

7




PRINT OF DRAWINGS

.........
...............
...............
...............
...............
................
.............................

. -

Fig. 13(a)

e

L

» 3Ees i inans R sans
= AN RSN

Fig.13(b) 310——+

311 ———
310 ———+

Fig. 13(c)

Pagé 172 of 388



PRINT OF DRAWINGS
AS ORIGINALLY FILE

fgggA
. 310 ——* | 3034
Fig. 14(a) ‘

[ % ——302A
/% //,\\__301

AN\

- 313
N2
| \L \ 3004
. LB A -3044
Fig. 14 (b) N ——303A
e ——302A

NN

312
R - — 3054
B i = \VENN i NS
Fig.14(c) I ——i——1 3024
‘ ] A 301

\\\\\—\, 300

Page 173 of 388



T T e B E 0D

:u m

R T

PRINT OF DRAWINGS . Uik
AS ORIGINALLY FILY :

Fig. 15(b)

Fig. 15(c)

Page 174 of 388

| | 307




'
.....

£ S B

A T e )

L

.........

Fig.16(a)

N \\\\ 350

3&%ﬁ
Fig. 16 (b)

Fig.16(C)

361 ———+ ——353A

362 ——— ——3544

Fig.16(d>

© Page 175 of 388

361—1— | ——3534




PRINT OF DRAWINGS
AS ORIGINALLY FILE

Fig.17(a)

Fig. 17 (b)

Fig. 17(c)

Page .176.0f 388 |

362 ——~—

361 —1——

l/

A A
NN

N

364
< 363
NN
NN AN 3554
bl BN 3544
N 3534
7 7 ——352A
A A 35
\\\\f\\\j\\\:\\+-,350
AN
363 |
; R~ 3554
365 T é\;::; 3544
366——R 1N |[——353
I —— 3594
\\\\j\\\:\\—-~3so
AN




o b

PRINT OF DRAWINGS

Fig. 18(b)

Fig. 18(c)

Page 177 of 388

——405

——404
403

402

~— 401

A —
NN 00

407

o] . ] 406
MOEEOEOEOEOHEEEOEEEUEhEHSE

——405

——404

- ~—403

402

RN

AN




PR

PRINT OF DRAWINGS
AS ORIGINALLY FILE

409

407
-408

~ [ — 4054

Fig.19(a)

T 404A

403

[ ™-402

AN

408
—_—405A

——404A

——403

Fig. 19(b)

——402
—~—401

T
LN

v e

408
-

" 405A

——404A

411 ——~——

——403A.

Fig. 19(c)

—~—402
—~—401

Page 178 of 388

e
NN



R TN

R

PRINT OF DRAWINGS
AS ORIGINALLY FILE

PP i T
—tr—t /
e | L 404A
| 411 ——+ ——403A
1 ] 0% % ——402A
Fig.20 (a) 1 4%
| \\<\\:\\TV“v4M)
N _
/‘414
413
AN \\/\\_,//408
N - 4054
N 4044
Fig. 20(b) N | —403A
| 7 8 ——402A
4 L —~——401
\\\\—\«400
AN
413 —_ |
415 SN Y 405
o f}fa ; :\: 2 /‘404A
Fig. 20(c) 416—1~—y N [——403A
18. C S A ——— 402A
' 401
\\\\»\400
\- | .

Page 179 of 388




PRINT OF DRAWINGS

Fig. 21(a)

 Fig. 21 (b)

Fig.21(c)

Page 180 of 388

..............
.......

.........

.......

........
......
........

WDUOMNNVSNANN

NN

SOONNNANN

—-—-—-——-\

SN\




e A

2

. PRINT OF DRAWINGS
AS ORIGINALLY FILE

o e g %,

Fig.22(a)

Fig. 22(b)

Fig.22(c)

Page 181‘0f 388

NAARAANNY AR

rrrrrr

..................
................
..................

.......

T fmna]e—510
fiiififiéifififf ggf:i:fzfzf:izfzif 509
—— 5064

§505

504

= | \~503

o 502
\\ \ism
N 500



T g

(R

A e o

PRINT OF DRAWINGS
AS ORIGINALLY FILE

Fig. 23(a)

Fig.23(b)

N

SN SRS

SN N NN

512 —1——

Fig. 23 (c)

5068

5058

| ~—504A
[ ™—503A

513 N\l

Fig.23(d) ™~

7 1 ~—5024

—~—501

\N 500

Page 182 of 388



PRINT OF DRAWINGS
AS ORIGINALLY FILE'

Fig. 24(3) e
. N
....... \ : \

..............
..............
..............
...............
..............
..............
..............
...............
..............
..............
..............

S NN NANSONNNSOSANNAANN

/// A

NN

Pig 24(c)
) - A
NS

Page 183 of 388



PRINT OF DRAWINGS '
ASORIGINALLY FILE

Fig. 25(a)

T T e R

=
i

- Fig. 25(c)

Page 184 of 388

WNm

p—
.............
.............

.....
------
.....
------
.....
......
.....
......

......

NANAAANAN] AR

Fig. 25(b)

.......

......
.....

.........
......




i PRINT OF DRAWINGS . G
AS ORIGINALLY FILE/

SRRSSSY] SSSSS—" 559

Fig. 26 (a) - N

ANNRRANNY \\\\\\\§ p—"" 5 5 9

Fig. 26 (b) e &ggg
S

ANNNE

AAAAARANNY SaaSSSE— 5 5 9

561 ———1—
%5553
562 ————1— 554A

' - ~~—551
\\ \\ 550

A e

Fig. 26‘(6)'

563 T—N\ —-555B
\__

Fig. 26(d) 7

AN

 Page1850f388 . __




i PRINT OF DRAWINGS

AS ORIGINALLY FILE!

" ——

ol i

e 1

Page 186 of 388

559
—— 556

—— 055
—— 054

1553

N
i
'
i
]
1
Jfmmmmm e "
L4
A al abady )
4 /’l’ r’
1. S '))‘
R s P,
8 .,’ ’,’ 4 S
A .
% / LTt
s e
NNANAN

P
bt




Tl i 0

B el

]
5

PRINT OF DRAWINGS
AS ORIGINALLY FILE

= a— ",

- Fig. 28(b)

‘-Page‘18'7 of 388

NANNNN

ANNNAN

_—999
——5b6A
——55bA
—— 554

053

A\NANN

NANNNN




PRINT OF DRAWINGS
AS ORIGINALLY FILF

Fig.29(a)

R W N W I L

Fig. 29 (b)

NSNNNNN

Page 188 of 388

559

—~— 5558
—~— 5544

—~—553A

5568

591



A T el

W e

'+ PRINT OF DRAWINGS

AS ORIGINALLY FILF

"Fig.BO(C)

Page 189 of 388

ALATLLLLLNALLALA LR RN, Sy 6 O 6

——605

——604

——603

~—602

~—601

SN

.....

.......

.......

AULAATH LALLM RS S 6 O 6

7Z

.......
..............
..............
Teleratiiinine

SO NN

\\\ | \\- 6QO

.......

.......
.......

''''''''''''''

-------
.......




i PRINT OF DRAWINGS
AS ORIGINALLY Fﬂ..!"v

m m/608-
| ——605

| ' - ——604

Fig. 31(a) — 2283

| 7 \‘\.601

. ' ' ——600

\\\ '

TEE [FETE 609
i RIS gf:izi:i:%:i'iizi:__/_608
Fig. 31 (b) | ﬁ{ggg
- F 77— —602
i AL \\601
TN

Fig. 31(c) | |  ™—603

\\\ \\— 6(‘)0‘

_Page 190 of 388




et o I

B e

Y TR

i

i i

& PRINT OF DRAWINGS
AS ORIGINALLY FILE

v e ety ¥ *, L

i

NANAARRA Y SLCAS ARy

Fig. 32(a)

__—608

SUSSNNN NN DA
010 —4——d— ‘

——605B

—604A
[™—603A

Fig. 32(b)

7 //,,_\\— 602

~—601

' \\\ Y600

| 612‘———\__,\\\1

v

Fig.32(c) °°~

Page 191 of 388




=
iid
igd
EEY
]
B

e i 17

W A

. PRINT OF DRAWINGS

Fig.33(b)

Fig. 33(c)

Page 192 of 388

T TR S S 6 5 6

655

—— 654

~—653

————~_ 652
/ ~— 651

AN e

..............

--------------
..............

..............
..............

//J___.__._..-

\\\ \“\650 ;

..............

..............
..............
..............
..............
..............
-------------

ANANANNNN AR 6 5 8

[N

7 652
N




g
=
=

. PRINT OF DRAWINGS

AS ORIGINALLY FIL'

" gt ¥,

. ——

Fig. 34(a)

Fig. 34(b)

Fig.34(c)'

~ Page 193 0f388

........
........
......

AR

.....
------
......
.....

.....

o] _—658

SIS N

SSSS—" 658

4

4

~—651

AN



PRINT OF DRAWINGS
AS ORIGINALLY FIL!

- ————— L
- !'\{‘;‘.f"'

Fig. 35(a)

Fig. 35(b)

‘Fig. 35(c)

Page 194 of 388

SOONANNNN]

AN 6 5 8

[ ~—655A

| ~—654A
[ ™—653

652

—~—651

SOMOSANNN N

660 —

T ——

661 —

NN\ 0

__—658

SN,

——650B

—654A
| ~—653A

————] —652

~—651

\\—650

16558

662 — \

663 | N\\\\ 008

63 ———— —~653A
%)\ —~—652A

—~—651

OO\ e




. PRINT OF DRAWINGS

Fig. 36

MASK PATTERN (559)

y . SECOND RESIST PATTERN
S (560) '

0 A

o

OPENINGS FOR
FORMING CONTACT HOLES

Al
o

B

OPENINGS FOR
FORMING INTERCONNECTS

. ~ Page 195 of 388



BB ED T The 2RO

APR R RO T o R R

Fig. 37(a)

560 559

vsr ¥ ¥
a e e\ o

A VY

. q
Q

!9:9-
Z%

.......

R o

g :-t-:;r’560

oo s 959
— “—-556A

551

564 ~+

N

Page 196 of 388

Fig. 3

7 (b)

510 509

)

LA A

BEENON

:-t-:-:-:-:f510'

N SN - 509

N
N

2220 5064

506&2 |

514~

501

AN NS




PRINT OF DRAWINGS
AS ORIGINALLY FIL"

M 106
| - ——105
—~—104

Fig.1(a) E—— % 1o
- | /\\-101
N\ \\ 100

107
106
—— 105

—~—104
103

— -
Zmz=

ANNNE

RS .-l ]

Fig. 1(b)

Fig. 1(c) | —~—103

Page 197 of 388



o 10

i PRINT OF DRAWINGS
AS ORIGINALLY FILF~

R

A L i e ST e e e

108
_/_
|_—105A

mj r®1 104

——103
[——102

Fig.2(a)
N

N \\\'\’ 100

Fig. 2(b)

B 7 ==Nrry

11— N

110 ———~+
102

Fig. 2(c)

Page 198 of 388



I PRINT OF DRAWINGS |

| 108
1 ﬁ S 1054

, 104A
. 110——L 1034
Fig. 3(a) =7 (//__\-—\—%8%1&
| \\\\wmo
\ | :
113
SN
AN 1054
. NN —104A
Fig. 3(b) N N o34
[/ : —\"].OZA
A V101

~ Page 199 of 388




a5

TT

by

o P B g gy

PRINT OF DRAWINGS
AS ORIGINALLY FILE'

Fig. 4(a)

Fig. 4 (b)

Fig. 4(c)

Page 200 of 388

T T TR RhEss

\\\\\§

106

_—105
— 104

——103

——102

i

| ——101

NN

—— 100

N

DTNy
AR

m
AT

107
106
~ 105
104

——103

——102

——101

s

N~ 100

TS
B NN

ANNN

TR
RN

107
108

_—105

— 104

——103

———102

///// .

—~——101

\—y 100

ESnscacs



i PRINT OF DRAWINGS ity
AS ORIGINALLY FILE

ot

| Fig. 5(a)

7 — \ 102

Fig. 5(b) o108

=

LN 00

B B L R

108
1054
' ————104A
Fig.5(c) ~—103

] 10

RNt

100

Al

Page 201 of 388



i PRINT OF DRAWINGS
| ASORIGINALLY FILF

" ——e” 7

Y M/ﬂ%

111 ——] ~ [ —1054
B ' ——104A
. 110 — ~_
- Fig.6(a) ~ 103A
e ///// 102
\\101
\\\\ 100
= 111 —+—1— [ |_—1054
. 110t §104A
Fig.6(b) . oA
k | //////\ 0]
BN
12— A
114 A0\ _/105A
| iSsagl [ —104A
Fig.6(c) 110 il 1034

il l}ﬁ?’

\\\\ 100

IPagé 202 of'388



5 E I

W

B

i 8

i .PRINT OF DRAWINGS
1

,i,__- A L

AS ORIGINALLY FILY

Fig.7(a)

Fig. 7(b)

Fig. 7 (c>

Page 203 vofA 388

I L -\E 102

RN

__—108
—— 105A

——104

™—103

0

102

RNt

L

NN



Ay Y

B 5 G D

| AS QRIGINALLY FILI

B
3

PRINT OF DRAWINGS

1 TN
mi4—l _ [ L~
110 \ ——104A
Fig.8(a) T —T | [™-1034A
| Ny
< | /£ /////;\\_18%
\\\\\“100
| 108
111—‘Ww W_/:MA
| ——104A
Fig.80) 710
+8: 28 77— 10k
N \\100
112~

1’14—4-\%,\»4
~ Fig.8(c) 1157

[NNNN

Page 204 of 388

1054
__—104A

——103A

//////

—102A

\\401
—™~—100




e o

PRINT OF DRAWINGS

Fig.9(a)

Fig.9(b)

 Fig.9(c)

Page 205 of 388

A N

206
—— 205

(IR =
NN

—— 204

1203

[ 202

—~— 201

- ™—200

N ool oo
A R R Y




Wi

oy g

A

Py i

PRINT OF DRAWINGS
AS ORIGINALLY FILY

Fig.10(@) // =

‘ _/‘208
S S, SST0054

L——204A

——203

——202

Fig. 10(b) ——

—201

L

208
211 . ﬁ/ 205A
- _—204A

210 ——+

2034

——202

Fig. 10(c) —

—~—201

S

Page 206 of 388



PRINT OF DRAWINGS

' | 208

W &
1 | _—205A
211 B ‘ S\#M
Fig. 11(a) 97— 203A

% 7 ——202A

BONNN

b e

213
— 208
_—205A
L 2044
1 ——203A
—— 2024
— 201
L 200

Fig. 11(b)

N L 205A

| | - N giiiaf- [ 204A
Fig.11(c) 215—T—RY RN [~—203A

7 ——202A
LR B

(201

Page 207 of 388



PRINT OF DRAWINGS
AS ORIGINALLY FILF

306

305

S | — 304
Fig. 12(a) — ' — \ggg
. A /?i 201
DN

£ g 306
e , , | 305

Fig. 12(b)

‘ A
'\\\\\“\— 300

| 307

| _4308

| ~~305

S — {304

] < ‘ _ ——303

Fig.12(c) - = 30
/ ‘)'\

| ,\\301

\\\\ 300

Page 208 of 388



PRINT OF DRAWINGS

...........
..........

..........
..........

..........
...........

..........

.

Fig. 13(a) | 303

Fig. 13(b) 310—— : 03

311 ——~+— —304A
. 310 ——— 1l ~—303A
Fig. 13(c) ; 302
% 4 \\301
—— 300

S Page 209.0f 388




. PRINT OF DRAWINGS
b a \\"\ »
2 AS ORIGINALLY FTLE

31l —t—~4—

Fig. 14(a) :

NORNNNNNWN

Fig. 14 (b)

ED° T T L2260
LW
—
D G2

310 ——~—+ ——303A

&Eag
N
}
[

312 | :
= g——— 305A

Page 210 of 388

¢ Fig. 14(c) °P°7 L Soon



% PRINT OF DRAWINGS
AS ORIGINALLY FILE

Y 356

Fig. 15(a) >

TV
N \\\“\-350

S N s
Y

o | 353
Fig. 15 (b) 18

| 357
= 358
e | —{>~-355
354
: 353
Fig.15(c) == 3
| \\\\ 351
\
N | —350

Page 211 of 388



PRINT OF DRAWINGS
AS ORIGINALLY FILE

...................
.........

360 ——- — 3554

Fig. 16 (b) {739

o - 1 3544

: ' ——t | — 3534
Fig. 16 (c) 359
—~— 350

\\\\

~ 358

3554

362 —— ™~ 3544

Fi .16(d) 361 ——— 3534
18. : % e __\—\352
' —~— 350

Page 212 of 388



PRINT OF DRAWINGS
ASORIGINALLY FILE  gai”
. e

362 ——~—
361 ——+ 3534

Fig. 17 (a)

w
)|
w
=

¥ Fig.17(0) [ N N

363 —

: . —__355A
- 365 Nl —~—354A
e 1m ———N ——35
Fig. 17(c) 3 ,‘~\—35gﬁ -
- 351
L 350

4
o
Al




PRINT OF DRAWINGS
AS ORIGINALLY FILF

405
| | ' 404
Fig. 18(a) | ——403
| /// ’ 402

/T
AN

407
el RS o] 406

——405

— ——404
Fig. 18(b) = 508

................
...........

Fig.18(c) ~—403

Page 214 of 388

O
a5




PRINT OF DRAWINGS
AS ORIGINALLY FIL

Fig. 19(b) | ——403

408

_/—
1 [ ——405A
411 ——+ ——403A

Fig. 19(c)

——402

71 . V ,“'“"“\401
NN\

__Page 215 of 388



4 PRINT OF DRAWINGS
| ASORIGINALLY FILT
e N

408
aa— [T 4054

| 404A
i | all—+—| | | 4034
- o ——40
Fig. 20(a) A VA 40?‘
| - \\\\—\«400
NSNS
N NN ﬁ N\ |_—405A
| N = NP 4044
- meow RN e
} —— 400
\\\\
413
_ _—405A
. 46— [N [——403A
Fig. 20 (c) : —— 4024

Page 216 of 388



PRINT OF DRAWINGS
AS ORIGINALLY FILE

Fig. 21(a)

A T A

oy

B i O 0

Fig.21(c)

OO ANNANIAARIAIASNNTETESS

% A'——“

Fig. 21 (b)

.......

.......
.......

.......
.......

SONANANAANNNNNN

OO NONNNN

SO

Page 217 6£388




.t PRINT OF DRAWINGS

AS ORIGINALLY FILY

> n——— ",

Fig.22(a)

Fig. 22(b)

Fig. 22(c)

 Page 218 of 388

NSRS NNARNNRNAN

.................
..................
................
..................
................
..................

.................
...................

................
..................
.................

................
..............................
..................................
..................

..................................




S PRINT OF DRAWINGS
AS ORIGINALLY FILI

5
=S
=i
HEE]
}
iz

Fig. 23(a)

Fig.ZS(b)

Fig. 23(c)

Fig.23(d)

ANSS

TSRSSSS

511 —1——1—

512 ————1

513 —

— 5068

-505B

514 —

~—504A
T —503A

A\

——— ~—-502A

~—501

——500




e i 1R

RIS T

PRINT OF DRAWINGS

" ASORIGINALLY FIL!

Fig. 24(a)

Fig. 24 (b)

Fig.24(c)

Page 220 of 388

SOV AMOMAIRANNTMVIGTRESRSSSS

/.

NSNS

.......
.......

........
.......

.
o

......
......

SOOI

OSSN NNN

N
7 :

SOUNANNNN]

iy 959

~<




i PRINT OF DRAWINGS

T —————— ¥,

------

......................
..............




o

ey, o

i
i T

PRINT OF DRAWINGS
ASQRIGINALLY FILE

Fig. 26 (a)

Fig.26(b)

Fig.26(c)

Fig. 26 (d)

" Page2220f388

ARMAANANN

SUOVNANNRN

SO SNNN

///___\\

NN

AAANLARAN

561 —

562 —

[ — e

_\___——

DN N

~—55]
NNy

—_—_=t 5 5 9

N

AN

///___

563 —
564 —

‘_\_——

.\._——-

)

65

N

\\\f\




. PRINT OF DRAWINGS
AS ORIGINALLY FILI

v —— LI

S} SNNAAN -~ 554

Page 223 of 388



PRINT OF DRAWINGS

Fig. 28(a)

Fig. 28 (b)

Page 224 of 388

NN\

NN\

559
—— 556
—— 5554
~— 554

~—553

559

AN

ANNN\N

5568
5554
r‘\—554A

~— 553




DA™ e 0 b 5

PRINT OF DRAWINGS
AS ORIGINALLY FILE

-y e =,

Fig. 29 (a)

NNANNN

* Page 225 of 388

i
H .
) N
-y
]
. )
1
t
1
1
|
. |

\._-__.._
]
]

551



: PRINT OF DRAWINGS
AS QRIGINALLY FILE

‘ Page226 of 388

Fig. 30(a)
Fig. 30 (b)

Fig.30(c)

SOASOMANA AN NN INOERSSSS

,///_._.—-\- -

BN

.......
.......
.......

NNAANNN

ANIAANNNT

.......
.........
.......
..........

AALARANNY

<X




= §

Fig. 31 (b)

Fig. 31(c)

Page 227 of 388

608

—— 605

603

—~—602

—~—601

—~— 600

..........
..............
........
........
........
................

e
.......

.........
1 poiiiiiel
] e
......
.......
.....

L ae 2
voels

.....

SR
elele
IR
vletes




PRINT OF DRAWINGS
AS ORIGINALLY FILF

-605A

T 604A
[ ™—603

Fig. 32 (a) = 603
“ ~—601

NN Yoo

o 0

by

| S ESSESSSS— 6 08
610 ———— ——605B
—0604A

Fig. 32(b) ollT——p| ‘tgggA

i

s

S

—~—601

612‘—-—\_\\\ 6058

Pig.32(c) BT/ ~—60

Page 228 of 388



& PRINT OF DRAWINGS
" AS ORIGINALLY FILE

el e e Ra——— .

\\\\\\\\\\\\\\\\\\\\\\\\ forer" 6 5 6
~—655
—~— 654
~—653

Fig. 33(a)

— 652

7 ¢l
LN\ s
Tmae [EEE]— 667

..............
..........................

CRR RN S o A A AT R

SN N NN N N O eSS ESSS P~ 6 5 6

W R e 8

e

Har

Fig. 33(b) | __ [™-653

o a—

e

4

L
/
7

B CAAAANANN S~ 6 5 8

7
4 ~—651

\\\ \\— 650

Page2290f388 .




AW N

L

i o

1
i}

% PRINT OF DRAWINGS

& Trdan,wh o,

AS ORIGINALLY FILE

Fig. 34(a)

Fig. 34 (b)

Fig. 34(c)

Page 230 of 388

NN
[ 200 0e 0]
...........
...........

OOONODNNNN

...........
el
..........
...........

..........

_—659

DN

——655

[ ™—654
| ™—653

652
~—651

ANANNRRN

SRS

SSSSs— 6 58

654
| 653

[N —652

~—651

\L\*\:\\\\‘ \\\f\\-65o

—— 6554



PRINT OF DRAWINGS
ASORIGINALLY FILT

e A

Fig. 35(a)

:Fig.35(b)-

Fig. 35(c)

. Page 231 of 388

SO NANN

WAADAN NN

——— 658

[™—655A

| ~—654A
[ ~—653

—652

RN

651

[ ™—650

SUNVSNNN

660 —

661 —

[ ———————

ODOSANNNN

__—658

——655B

———654A
~—653A

<
N

[ —652
—~—651

650

AN

662 —

663 —|

\i\\f\\

*‘-—~'\\;: —— 6558
\\\\\ —— 654B

N ‘\<>25§A.
' T—~—6524

T 651
\\\"‘~'650




i PRINT OF DRAWINGS
% AS ORIGINALLY FILE

o ———

Fig.36

 MASK PATTERN (559)

- SECOND RESIST PATTERN
~ S (560)

OPENINGS FOR
FORMING CONTACT -HOLES

 OPENINGS FOR
FORMING INTERCONNECTS

of 388

W
N

2

(4

[




F

i L

R A

ol i

oy P o e

PRINT OF DRAWINGS
AS ORIGINALLY FILF

o e g %,

L ——

Fig.37(a)

560

S :

559

)

%

B \

f ==

Lo

T
&
¢ o
Q
o ol N e\
b, o N\e
RN
N e
N e
b
e N -
.
o N\e
o Ne
B
N\ ¢
.
.

Q
.
e e e o Ng N
o s s ok oe R
. e NP
o o 2 .

B AT AT 4

71560 "

Lol 559

N
N

~-5506A

564~

NN

551

Page2l33"0f388 .

Fig. 37 (b)

510 509

d PPV TRy r
o e b LN AN &
[ANY B RN AN
N 0N LI BN
NN oor e o] N o \¢
N LY b
enele o b
. o

A

o L-510

.....
......
.....

Ftaee 509

yd 2

506a

——~"-506A

514+

SN




" APPROVED
BY
 CRAFTSMAN

O.G.FIG.3b |

CLASS |SUBCLASS

Hag | 100

Fig.l(a)

Fig. 1(b)

-Fig;l(c>

Page 234 of 388

q U#é?@JVQQ'

6197696

AraOjOIiOGOOEEGrGTaTao 0
——105
———104
- ~103
102
~— 101

=
NN Y100

107
— 106

——105

—— 104
| 103

1 TN
Zuz=—

\\\\\\ 100

| 109
Foeleiele] ;107

ik ] S
MMM ERRTrERSRiEs

L R 108
——105

—— 104
103

102

Z ;C/F"\\\-1o1
. \\\\\. 100




 MPROED o G RIGL B o ;
BY CLASS [SUBCLASS!
‘omerswan | 12% | 700

Page 235 of 388

= e
—— 103

4 7 ———102

NN

‘ 108
NN NN ‘ m/lOSA

—— 104A
——103

- ——102
A =10

\\\\:\\’\\~100

108
T e I i I o T

= =l 1044
10—+ | —— 1034
——102
~— 101

A T
NN




Ak | e b .

VRS GRS B
3 gy CLASS [SUBCLASS]
o] 435 | 00 |
Fig. 3(a)
X Fig. 3(b)
Fig. 3(c)

Page 236 of 388

108
NN MW N
111 —— =1 1054

104A

10—~ | —— 1034

——102A

101

e
\\\\\*‘\—f 100 .

113

112

N\ A
_ S

; ——103A

— 1024

112
114::F:2 ; __—105A
N 104A
N E;é ——103A
r———102A
//“\~—101

N




i ; ) $L i f’:b
5 By (‘u 58 U_sELm
, fu-FrbMNj §r%] 00 |

106
_—105
— 104
—— 103
——102

/////J ~——101

----- \\\\\w 100

= I GOOOGG 106
= — 104

—— 103
102

“ Fig. 4(b) T i, \-101'

107
s 108
|_—105

-—/-104

g A | | ——103
Fig.4(c) 100

=101

\\\\\w 100 .

'Fig.4(a)

L

Trpmare 4t

- Page 237 of 388



1 E@ 4
 CRAFTSMAN ""1’ ﬁﬁ‘%’ s 2 0 |
- i

Fig.5(a) '

Fig. 5(b)

Fig.5(c)

Page 238 of 388

Al

NN

A"

g 108

__—105A

—— 104

——103

=

[ ™—102

\\\\\i g

| |__—105A

——104A

103

s

[ ~—102

SO R 100




" gy

' BHAFTSMAN

6. 3

vl—‘o ]oUBL,LAU

5
Yo hle g

Fig. 6(a)

Fig.6(b)

Fig.6(c)

Page 239 of 388

108

TN DTS

111 1

——105A

—— 104A

110 —

- 103A

s

102

X

~—101
100

s 108

111 ————

__—105A

——104A

110 —

[™—103A

L

| 1024

AN

\\~—101

100

112

114"’*“‘*\.

N

110 —

— D

A

AN




SRR |

! g‘-J.‘..'ih f"G. 3 b
&Y CLASS |SUBCLASS

renrraman | H5C | 00

Fig. 7(a)

Flg 7(b)

Fig.7(c)

Page 240 of 388

L
ANNN

L

AN

108
_105A

——104

- ~—103

S—102

~—101
100

A

7
?
é

. — 108

-——105A

——104A

™—103

7

102

RN



“prarrsman | 1€

VL Wik rias 2 b
ay gusu SUBCLARS

100

e

L

Fig.8(a)

Fig. 8(b)

Fig.8(c>

Page 241 of 388

111

110

/////

NN

;e

111

P — e

VRN

_—105A

110

r"_“‘\..____—

——104A
[ ™—103A

00—

102A

\\\\\

101
100

112

114 =

N\ D \ ?
5 N\ 4
PRI IIN I I SN

1054

L —104A

1154

——103A

A

[ ——102A

~—101

\\\\j\\\:\\‘\\-loo



; 1L FIG, ,ﬁiQ :
i B  [CLASS |SUBCLASS)

’ A . Y de e {
eartsan L LG e

———206
——205
—— 204

Fig. 9(a) o0
~—201

% //?
_\_
\\\\ 200
| | 207

E —— 204
: . ~—203

209
] ] ;207

S RS BEREE—208
| | — 205
: | ' 204

| A VA ] 202

] A%

AN

Page 242 of 388 o e




FiG Bk
208

435 | 700 |
i )
: —— 204

—— 203
—~—202
—~—201

A=
\\\—\« 200

Fig. 10(a) ‘
AN

208

_/'
N\ N 9054
__—9204A
—— 203

—~—202

~— 201

—~— 200

CRAFTSMAN

| - 208

011 ] [ —205A

ot ——_—904A
——203A
202

—

™~ 200

|
Page 243 of 388




e eTh -2 H

R P2 RIS R SN 4
e i B B
CLABS {BUBCLASY,

K . 3 \ - {
onssrsman | AR | TR 5

211 —T—~—

Fig. 11(a) 2197 204

_—205A
2044

. N
Fig. 11(c) 57—} §/ o0

Do
V Vv

——202A

201

N \\\\:\\»\vfzoo

Page 244 of 388



ArEROVED T e
| i -.‘3..(.3._ FiG. 3o :
pooaY 301.;\-:55 SUBCLAGS]
i ' 3. . !
servswan | 138 900 é

Fig. 12(a) & Mg o

UV U—
NN Y0

Fig. 12(b) —

A T~

N RSE-308

Fig. 12(c) == 30

A A
ANNNE

Page 245 of 388



e D
AR G TIC. 3 b
frorad wovermantr 'ugmh—‘w.r:'- :.o-.\:-u::v-.: N
HY § CLASS [SUBCLALS,

AF:‘S?\f;A..NgLH’%a 700

gy
Lot
o~

Fig. 13(a)

Fig. 13 (b)

Fig. 13(c)

~ Page 246 of 388

©310—F

.....
el
..........

.....

.....

.....
''''''''''

.....

310 ——+

308
——305A

31l T

[ —304A

——303A

——302
301

—— 300




e
: ﬂ
E

T TRAFTS MAN

Fig. 14(a)

Bk

y Fig. 14 (b)

T
ton Iy 07

Fig. 14(c)

Page 247 of 388

NN

311 ——~—

_—308

——305A .
- 304A

310 ———

——303A

——302A

~—301

—— 300

312

314 ——4

——305A

315 —

——303A

——302A

———301

e

[ —304A



.....
¥

SRSl

DAL FIGL Bk

E“n:. /o e st -u-.'z
| CLASS ISUBCLAGS ]

ez | 428 MO0 !

......

gIE

'Fig.15(a>

Fig. 15(b)

Fig. 15(c)

Page 248 of 388

1 U
\i\\j\\j\\;\f\”350




IRRRE N IRREE BRBRE
.........................

Fig. 16(21) | T ™—353

360 ——- | ~—355A

Fig. 16(b) -8

Y
362 —T—~—
_—

61—

‘ Fig. 16 (d) : ~

~ Page 249 of 388



B

AN

NI

358

RN

——355A
| ~—354A

361 ——~—+

——353A

Fig. 17(a)

——352A

—~— 301

A
[N

@w\\\%&\\g_\//}ﬁg
,\b —— 3554
NN W 3544

Fig. 17(b) | ZSQ N 3534
| ~ A3

~— 351

\\ N~ 350

363
| . <—+—— 3HHA
Fig. 17(c) — N 3524
1 VA—— 351
\\\\w 350
N

ng‘e 250 of 388



- 3 . :
- bt By ALY
CEARISMAN | T T FOQ

Fig. 18(a)

Lfag

Fig. 18(c)

Page 251 of 388

e ficdd .
A R Y




Fig. 19 (a) —— 404A

4054
- - 404A
Fig. 19 (b) | —— 403

gl . I~ 4 02
=

z | Sy, Y g\,m/‘*OS

sl [ S_{—iggA

4l —— 4034

Fig.19(c)

Page 252 of 388



i

vy Sy
[ 18 {4 F’l"i‘3f0
i

o [
Y s CLASS

: L) Y e
ohartsien | 1 5%

SUBCLASS

("2 00 f .

Fig. 20 (a)

Fig. 20 (b)

Fig. 20 (c)

~ Page 253 of 388

AN

412~

N

g 408

4054

411 ———

————404A

——403A

——402A

[ —1~—1401

—— 400

ey

_—405A
_—404A

ARy

——403A

—‘~—402A

-~/4OO




.......

Fig. 21(a)

Fig. 21 (b)

Fig.zl(c>'

Page 254 of 388

WSS AN A ANNSONUNANNSINANAN

o

SOUNNNNNN

SANNNNN

SONNNNN,




i ;
" iy me ANy
DRARTSMAN | 4T D%

Fig. 22(a)

5 Fig. 22 (b)

Fig. 22(c)

“Page 255 of 388

S [AASLRRNAY

..................
................




.....

Fig.23(a)

Fig.23(b)

Fig. 23(c)

Fig. 23(d)

Page 256 of 388

BANN

511 —

512 ———|

NN

513 —

SO,

-——.\-,-———'

NNANRRNANS

N

\
514———\_—\§




Fig. 24 (a)

......

5 Fig. 24(b)

Pig. 24(c)

Page 257 of 388

SUOUNUONNUSNOAANNNNNANNNAINNNNANN

.......

SOV AN NN




s

Fig. 25(a)

Fig. 25(b)

 Fig. 25(c)

| . pagp 258 of 388

NN A NUR Y

.................
...............

................

i e 999




LRI
LRl
I 3

By

Yoo pme B
P OLASE (€

'1' o e A NS
pasersiny | 1 3%

Fig. 26(a)

Fig. 26 (b)

Fig. 26(c)

Fig.26(d)

Page 259 of 388

OOVAANNRN

SO

L/

RN

ALY s 5 5 9 |

T\~

SN

561
562 —

OOV

SONNNNNNN

563 —
564 —




: _/559
—— 9556
——595
—~— 554

——553

Fig. 27(a)

A 560
______ (v _—~5Hh9
5 | 5564
: o = AL 555
SANANN NN\ L~ 554

Fig. 27 (b) .

: . | I —
Page 260 of 388 -

~ Page260of388



AT EIVED D e e
! nd L VU S S L
A TG Sy i" .

iy CLASS SUBCLASS]

e e I

559
—— 556

—=050A

NN NN\ . 5 5 4

Fig.28(a) | 7.

| —— 5568
—~~555A

\\\\‘\\ NNNNNN L~ 5 5 4 A

Fig.28(b) | 7/ [~—553

__ Page 261 of 388 L -



L N LIRS e
preFrsian | 4% 1 Mo

559
—— 5568

! —~—55b6B

!
AANANR
=~ P —~—554A

Fig. 29 (a) | ~— 5534

- 563

--p----d)
1
(@)
D

551

N
N
N
~ Y
A} - ————— -
N 5
N !
NNt
N
™
N HRN
A S
N 3 N
\\ . | N\
AN N
\
N
N
N
\A
N
-
i
]
1
1
1
1]
1
]

Page 262 of 388 o B



..... b .:,‘,,,,h- A e XSRS |
B {OLASS ISUBCLASS]
:

‘vj:';;:f.:f.;;:u'~‘1‘::ss\./mm§ HIGL 100

Fig. 30 (a)

.

: ' Fig. 30(b)

'Fig.BO(C)

Page 263 of 388

S N S NN N NN S SN SN,

.......
.......

SOSSUOUUO NSNS NN

.......

__—606
——605
—— 604
—~—603

602
601

——600



Fig. 31(a)

Fig.31(c)

~ Page 264 of 388

ALY

608

—— 605

——604

——603

—602
~—601

——600

............

...............
........
........

........
.................
.............
------------------
''''''''''''''
............
........

SOONNSN]

m—v/’608‘ '

- 605A

[ ™—604
| ™—603

(602

“
7 u— N

OO

[ ™—600




B H - &
BEAFTIMAN | 4%%

g

rssstess— 608

[ ™-605A

[ -604A
| >-603

Fig.32(a)

7 //,.—-_\t 602

AN

601

[ ™—600

ANAANRNY

610 ————1—

OOONNSN

611 —|——

\\)

%
-

612 T RS

Fig.32(c) ®1B3T—

/]

\‘.
S

/,—\\—602A

N\

Page 265 of 388



R T R RS S S " 656
655
—— 654

Fig.33(a) ‘ R
~— 651

NN st

Ls SAAAININARARNRARRSN RN RN 656
, ' — 654
2 Fig. 33(b) 653
| | 7 652
L3~ 651

..............

..... =L RSSSSSs— 658

Fig.33(c) | ANy

U
SN

_ Page 266 of 388 _



g
g et e £

west

Fig. 34(a)

Fig. 34(b)

Fig. 34(c)

Page 267 of 388

.....

SANNNANN | SSSSS— 6 58




i

‘Fig. 35(b)

Fig. 35(c) |

Page 268 of 388

SANNNNN

SOANNNNN

—— 658

[ ™—655A

653

652
651

[ ™—650

TSSSS

660 ————ood—

661 ————

SOOVASNNN

A
é

AN

6558

——654B

—~—653A

| 662’"‘*\~—~Q§§; |
663 —

—652A
651

650

[ ™—0654A



il

e e
SR v e cmagpm
T NN 2 E S 55

1
B

R R N A e Y

b}

o

o &

i e s — v

x UTIARS JSUBLLABY -

s 928 200

s 1

Fig. 36

MASK PATTERN(559)

SECOND RESIST PATTERN
S (560)

":'f:::[:i::'_:

\/ OPENINGS FOR
FORMING CONTACT HOLES

OPENINGS FOR
FORMING INTERCONNECTS

Page 269 of 388



Fig. 37(a)

560 559

vsv r T

LR AN &

LN A h
O BN

o ol N e\

D, .

q

N

|—>D>
AV
//A

1 [seo

S~ esd-559
< “~~-556A

1551

564 ~-

TN

Page 270 of 388

Fig. 37(b)

510 509

v ‘.S y
v s |s
q Ne s o
. LR D
A e e e
NN\ .
. .
.

J

HieeN’s 509

510

DR PR

—=="-506A

514~

-

TR

L-501




HIP- K-093US [

4

DECLARATION AND POWER OF ATTORNEY ATTORNEY DOCKET NO.
FOR PATENT APPLICATION

As abelow named inventor, I hereby declare that: my residence, post office address and citizenship are as
stated next to my name; that I verily believe that I am the original, first and sole inventor (if only one name is listed
below) or a joint inventor (if plural inventors are named below) of the invention entitled: METHOD FOR FORMING

INTERCONNECTION STRUCTURE, the specification of which is attached hereto unless the followmg box is
checked:

(1] The specification was filed on
’ and was assigned Serial No.

(if kmown)
and was amended on

(if applicable)
I hereby state that I have reviewed and understand the contents of the above-identified Spec1f1cat10n, including
the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of this application in
accordance with Title 37, Code of Federal Regulations, §1.56.

I do not know and do not believe the same was ever known or used in the United States of America before my
or our invention thereof, or patented or described in any printed publication in any country before my or our invention
thereof, or more than one year prior to this application, that the same was not in public use or on sale in the United
States of America more than one year prior to this application, that the invention has not been patented or made the
subject of an inventor's certificate issued before the date of this application in any country foreign to the United States
of America on an application filed by me or my legal representatives or assigns more than twelve months prior to this
application, and that no application for patent or inventor's certificate on this invention has been filed in any country
foreign to the United States of America prior to this application by me or my legal representatives or assigns, except
as follows:

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s)
for patent or inventor's certificate listed below and checked at right:

Prior Foreign Applic;ation(s) , : Priority Claimed
Number Count Month/Day/Year Filed Yes Mo
10-079371 ‘ Japan . , 03/26/1998 ‘ X

e
—

All foreign applications, if any, for any Patent or Inventor's Certificate filed more than 12 months prior to the
filing date of this application:

Countr . . . lication No. Date of Filing (Month/Day/Year’
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I hereby claim the benefit under Title 35, United States Code, §119(e) or §120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code,
§112, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations,
§1.56 which occurred between the filing date of the prior application and the national or PCT international filing date
of this application: .

oplication Serial No.

I bereby appoint the following attorneys to prosecute this application and/or any international application and
to transact all business in the Patent and Trademark Office connected therewith;

Danie] W. Sixbey, (Reg. No. 20,932) Stuart J. Friedman (Reg. No. 24,312)
Charles M. Leedom, Jr. (Reg. No. 26,477) Gerald I. Ferguson, Jr. (Reg. No. 23,016)
David S. Safran (Reg. No. 27,997) Thomas W. Cole (Reg. No. 28,290)
Donald R. Studebaker (Reg. No. 32,815) Jeffrey L. Costellia (Reg. No. 35,483)
Tim L. Brackett (Reg. No. 36,092) Eric j. Robinson (Reg. No. 38,285)
Frank P. Presta (Reg. No. 19,828) Joseph S. Presta (Reg. No. 35,329)
Robert M. Schulman (Reg. No. 31,196) Thomas M. Blasey (Reg. No. 33,475)
Lawrence D. Eisen (Reg. No. 41,009) Daniel S. Song (Reg. No. 43,143)

Marc S. Kavfman (Reg. No. 35,212)

Send Correspondence to: __ GeraldJ, Ferguson. Jr,
SIXBREY, FRIEDMAN, LEEDOM & FERGUSON, P.C.

8180 Greensborg Drive, Suite 800
McLean, Virginia 22102
Telephone: (703) 790-9110

I hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false staternents may jeopardize the validity of the application
or any patent issued thereon.

The undersigned hereby euthorize any U.S. attorney or agent named herein to accept and follow instructions
from _MAEDAEAIENIQEE[QE_ as to any action to be taken in the Patent and Tradémark Office regarding this
application withour direct communication between the U.S. attorney or agent-and the undersigned. In the event of a
change in the persons from whom instructions may be taken, the U.S. attorneys or agents named herein will be so
notified by the undersigned.

— —
FULL NAME OF SOLE OR FIRST INVENTOR INVENTOR'S SIGNATURE < DATE
Nobuo AQOI I Y. QAM March 19, '99
RESIDENCE (Cily, State & Couniry) CITIZENSHIP
Hyogo, Japan Japan
POST OFFICE ADDRESS (Compleie Address including City, State & Country)
1-41-403, Taisha-cho, Nishinomiya-shi! Hyogo 662-0867, Japan _
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Application Assignment Record

According to the application transmittal letter, an assignment'recording ownership was filed

with this application; however, a copy of this record was not located in the original file history
record obtained from the United States Patent and Trademark Office. Upon your request, we

will attempt to obtain the assignment documents from the Assignment Recordation Branch of

of the United States Patent and Trademark Office or from a related applicatio’n case (if applicable).

Please note that additional charges will apply for this service.

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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CERTIFICATE OF MAILING
| hereby certify that this correspondence is being deposited

with the United States Postal Service with sufficient postage as First

o o . A 5 pocket No-s 081226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of ) J’F&Q

Cecilia Campbell

Nobuo AOI )

Serial No. 09/274,114 ) Art Unit 1763 W{‘FCW‘W}
Filed: March 23, 1999 ) JUL i 1999
For: METHOD FOR FORMING = )

GROLIP 1700
INTERCONNECTION STRUCTURE ) June 23, 1999

TRANSMITTAL OF CERTIFIED PRIORITY DOCUMENT
Honorable Assistant Commissioner for Patents
Washington, D. C. 20231
Sir:

At the time of filing the above-referenced application, a right of priority
under 35 USC 119 was claimed in view of Application No. 10-079371, filed
March 26, 1998 in Japan.

Submitted herewith is the certified copy of the priority document to
peffect the claim for priority.

Acknowledgment is respectfully requested.

A Likiey Respectfully submitted,

Eric J. Robinson

Registration No. 38,285 .

SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, P.C.
8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

FADATA\WP2\CCAMP\0819\226PDOC
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Transaction History Date 1A% 4-0¢- 0

Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at www.uspto.gov

P, ) (p 1765

Docket: 0819-0226
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re PATENT application of
NOBUO AOI
Serial No. 09/274,114
Filed: March 23, 1999
For: METHOD FOR FORMING
INTERCONNECTION STRUCTURE

Group Art Unit: 1763

]

. . an}
Examiner: Unassigned |

)
)
)
)
)
)

Honorable Assistant Commissioner of Patents

g

Washington, D.C. 20231 fone)
. o
Sir: oo

. -t
Transmitted herewith is an Information Disclosure Statement in

the above-identified application.

[ X1 In the event applicant(s) has overlooked the need for any
petition to effect the entry of the documents submitted
herewith, it is respectfully requested that this be
treated as such petition and that any necessary fees
associated Qith this petition be charged to Deposit
Account No. 19-2380.

{x] In the event applicant (s) has overlooked the need for any
petition and fee for extension of time, and such
extension is required, applicant(s) requests that this be
considered a petition therefor and that such fee be
charged to Deposit ' Account No. 19-2380,

{ X) The Commissioner is hereby authorized to charge fees
under 37 CFR 1.16, 1.17, 1.20(a), 1.20(b), 1.20(c) and
1.20 (d) (except the Issue Fee) which may be required now
or hereafter, or credit any overpayment, to Deposit
Account No., 19-2380. A duplicate copy of this sheet is

attached.
CERTIFICATE OF MAILING | Respectfully submitted,
| hereby certify that this ) |
correspondence is being deposited with ité'\ :

the'Qnited States Postal Service with
sufficient postage as First Class Mail in :
an enyelppe addressed to: Assistant Reg. No. 38,285

Commissioner for Patentﬁvgfshington, Sixbey, Friedman, Leedom & Ferguson, P.C.

D.C. 20231, on_R-{ - : '
;)éxx;x, AN (t}.C,Qu“'G 8180 Greensboro Drive, Suite 800

Eric J. Robinson

McLean, Virginia 22102
(703) 790-9110
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of )
NOBUO AOI
Serial No. 09/274,114 Group Art Unit: 1763

For: METHOD FOR FORMING
INTERCONNECTION STRUCTURE

Honorable Assistant Commissioner of Patents
" Washington, D.C. 20231

.8ir:

)
)
Filed: March 23, 1999 ) Examiner: Unassigned .
) : §
)

Docket . 0819-0226

. Transmitted herewith is an Information Disclosure Statemggt i%
. V]

the above-identified application. ©

x1

[x7

[ x]

CERTIFICATE OF MAILING
I hereby certify that

In the event applicant(s) has overlooked.the need for any
petltlon to effect the. entry of the documents submitted

‘herewith, it is respectfully requested that this be

treated as such petition and that any necessary fees
associated with this petition be charged to Deposxt
Account No. 19- 2380

In the event applicant(s) has overlooked the need for any
petition and fee for extension of time, and such
extension is required, applicant(s) requests that this be

.considered a petition therefor and that such fee be

charged to Deposit Account No. 19-2380.

The Commisgsioner is hereby authorized to charge fees:

under 37 CFR 1.16, 1.17, 1.20(a), 1.20(b), 1.20(c) and

1.20 (d) (except the Issue Fee) which may be required now’

or hereafter, or credit any overpayment, to Deposit
Account No. 19-2380. A duplicate copy of this sheet is
attached. ' ' ' ' '

Respectfully submitted,

this N
correspondence is being deposited with éjé_\ ’

the United States Postal Service with
sufficient postage as First Class Mail in

Eric J. Robinson

an envelope addressed to: Assistant Reg- No. 38,285
Commissioner for Patents V&ashmgton 'Sixbey, Friedman, Leedom & Ferguson, P.C.

D.C. 20231, on_R-~ 4 -

d£>ax TN 8180 Greensboro Drive, Suite 800

~~  McLean, Virginia 22102
(703) 790-9110

\ . ST
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-1- Docket: 0819-0226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of )
NOBUO AOI )
Serial No. 09/274,114 ) Group Art Unit: 1763
Filed: 03/23/1999 ) Examiner: Unassigned
For: METHOD FOR FORMING ) —
INTERCONNECTION STRUCTURE ) f;
) &
INFORMATION DISCLOSURE STATEMENT =
Honorable Assistant Commissiovner of Patents ' Sﬁ

Washington, D.C. 20231
Sir:

In accordance with the provisions of 37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99, Applicant
submits herewith attached Form PTO-1449 listing references known to Applicant and requests
tﬁét these references be made of record in the above identified application. Copies of the
references listed are submitted herewith in accordance with 37 C.F.R. 1.98(a).

The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§1.16, 1.17,
1.20(a), 1.20(b), 1.20(c), and 1.20(d) (excebt the Issue Fee) which may be required now or
hereafter, or credit any overpayment to Deposit Account No. 19-2380. A duplicate copy of this
sheet is attached.

Respectfully submitted,
S

Eric J. Robinson

Reg. No. 38,285

Sixbey, Friedman, Leedom & Ferguson, P.C.
8180 Greensboro Drive, Suite 800

CERTIFICATE OF MAILING McLean, Virginia 22102
(703) 790- 9110
I hereby certify that this
correspondence is being deposited with
the United States Postal Service with
sufficient postage as First Class Mail in
an envelope addressed to: Assistant
Commissioner foriatentstx\lé\shington.

D.C. 31 on
L0 B AAS

caSiTEITe S L

_Page 343 of 388




-1- . Docket: 0819-0226
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of )
NOBUO AOI )
Serial No. 09/274,114 ) Group Art Unit: 1763
Filed: 03/23/1999 | ) Examiner: Unassigned
For: METHOD FOR FORMING ) -
INTERCONNECI'ION STRUCTURE' ) C.j e
A
INFORMATION DISCLOSURE, STATEMENT & f]
Honorable Assistant Commissioner of Patents . g’ ----- -
Washington, D.C. 20231

Sir:

" Inaccordance with the provisions of 37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99, Applicant
submits herewith attached Form PTO-1449 listing references known to Applicant and reqﬁests'
that these references be ;made of record in the above identified application. Copies of the
references listed are submitted herewith in accordance with 37 C.F.R. 1.98(a). |

The Commissioner is hereby- authorized to 'charge‘ fees under 37 C.F.R. §§1.16, 1.17,

l.20(a),v 1.20(b),‘ 1.20(c), and 1.20(d) (excepf’the Issue Fee) which may be required now or

" hereafter, or credit any overpayment to Déposit Ac.c'ount' No. 19-2380. A duplicaté copy of this
sheet is attached. 4 ' - | | |

| | " Respectfully submitted,

| Eric J. Robinson -
. Reg. No. 38,285

Sixbey, Friedman; Leedom & Ferguson, P.C.
8180 Greensboro Drive, Sulte'800 '

CERTIFICATE OF MAlLlNG McLean, Virginia 22102
(703) 790-9110.
| hereby certify that this
comespondence is being deposited with
the United States Postal Service with
sufficient postage as First Class Mail in -
an envelope addressed to: Assistant
Commlssioner for iatentst%\lashmgton,

31,0n
ngipo/\m \\OM)O

PR s L
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Form PT0-1449 U.S. Department of Commerce | Atty. Docket No.:

(Rev. 8-83) Patent and Trademark Office
INFORMATION DISCLOSURE STATEMENT Applicant:
(Use several sheets if necessary) Filing Date: Group: :Lg 6664 6 0 _gﬂV
[®)
] ”
U.S. PATENT DOCUMENTS \3 419
Examiner . Patent Number Issue Patentee Class Subclass Filing Date
Initial Date (if approp.)
tf\ I IMC 5,651,855 07/29/97 Dennison et al. 43 | ( 2K '
L—ftilla]/i,:ﬁ 5,110,712 05/05/92 Kessler et al. 3% | 6272 Ly e\
o
AUS @
ST
!
N magpget

FOREIGN PATENT DOCUMENTS -

Document Number Date Country Class Sub_-;l asg

YA AR v . 0_680 085 A1 11/02/95 o Hdﬂ_]__ 2/7;76‘3" =
5() Wk @L‘i, - 0 425 787 A2 , 05/08/91 £PO Ha4 L . / 6[@ T

o
%

OTHER DdCbMENTS (Including Author, Title, Relevant Pages, Date, Place of Publication)

| Y European Search Report dated July 1, 1999
Lt v

Examiner W d %{ Za/w I Date .Cuns1dered /O/é/Zﬂﬁﬂ

*EXAMINER: ldmtlal if citation considered whether or not citation is in conformance Nlth MPEP 609; Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to applicant.
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if not in conformance and not considered. Include copy of this form ulth next (;mﬁnunication to applicant.

Form PTO-1449 ; U.S. Department of Commerce | Atty. Docket No.: Serial No
(Rev. 8-83) Patent and Trademark Office
INFORMATION DISCLOSURE STATEMENT Applicant:
(Use several sheets {f necessary) Filing Date: Group: ( AUG © 9 1999
L )
U.S. PATENT DOCUMENTS
Examiner Patent -Number Issue Patentee . Class Subclass Filing Date
Initial Date (if approp.)
5,651,855 07/29/97 Dennison et al. '
5,110,712 05/05/92 Kessler et al.
FOREIGN PATENT DOCUMENTS
Document Number . Date Country Class Subclass _Iranstation
) : . ) Yes No
0 680 085 A1 11/02/95 EPO
0 425 787 A2 05/08/91 EPO
OTHER DOCWEMS (Including Author, Title, Relevant Pages, Date, Place of Publication)
European Search Report dated July 1, 1999
{\'\
\ / \\
~ Examiner s, j Date Considered-
7 ; 3\
*EXAMINER: Initial if citation considered, whéther or/n,o citation is in” conformance with MPEP 609; Draw line through citation

R

//:;{‘ ‘:\ :\'\\

1L R RATIEALS
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.
Document Date -  1999-08-09
Document Title -  List of References cited by applicant and considered by examiner

Page(s)- 2o0f2

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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Other Prior Art

According to the information contained in form PTO-1449 or PTO-892, there are one or more other
prior art/non-patent literature documents missing from the original file history record obtained from
the United States Patent and Trademark Office. Upon your request we will attempt to obtain these

documents from alternative resources. Please note that additional charges will apply for this service.

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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Transaction History Date 2.000-6)~e9
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at Www.uspto.gov

L

y certify that this correspondence is being N
#ith the United States Postal Service with ) \\
postage as First Class Mail in an envelope ; " .
addressed to: Assistant- Commissioner for Patents, o { "7_0

Washington, D.C. 20231, 0on _2) - t}- OO

: Docket No. 0819-2 )

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE %

In re PATENT Application of )

Nobuo AOI )

Serial No. 09/274,114 ) Group Art Unit: 1763
Filed: March 23, 1999 ) Examiner: Unassigned
For: METHOD FOR FORMING )

INTERCONNECTION STRUCTURE )

<

INFORMATION DISCLOSURE STA ENT L

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

In accordance with the provisions of 37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99,

- Applicant submits heréwith attached Form PTO-1449 listing references known to

Applicant and requests that these references be made of record in the above-identified

application. Copies of the references are submitted herewith in acéordance with 37
C.F.R. 1.98(a). | ’

The Commissioner is hereby authorized to charge fees under 37 CFR 1.17

which may be required now or hereaftef, or credit any overpayment, to.Deposit

Account No. 19-2380. A duplicate copy of this paper is attached.

Respectfully submitted,

Eric J. Robinson

Registration No. 38,285

Sixbey, Friedman, Leedom & Ferguson, P.C.
8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

(703) 883-0370 (Fax)

e
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Sheet _ 1 of _1
Form PTO-1449 U.S. Department of Commerce | Atty. Docket No.: 0819-226 Serial No.: 09/274,114
{Rev. 8-83) Patent and Trademark Office
INFORMATION DISCLOSURE STATEMENT | Applicant: Nobuo AOI
{Use several shests if necessary) . '
_ Filing Date; March 23, 1999 Group: 1763
U.S. PATENT DOCUMENTS
. T —— s
Fr::i:uner Document Number Da.te Name Class 'Subclass “fF::;gm?)zz el
&
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Subclass %ﬂiﬁ%
W+ 6-291193 10/18/94 | Japun HOAL L | 27/90 | abst.
L’;f‘“_m-g, ' 7-153842 -06/16/95 | Japan H()ﬂ[_ 2//7@3 Abst.
AT 9-64034 03/07/97 | Japan oA | 2/ /32051 Abst.
154€ 9-153545 06/10/97 | Japan HOAL 2/ /7650 | Abst.

.OTHER DOCUMENTS {including Author, 'ITit|a, Date, Pertinent Pages, Etc.)

Date Considered:

(0/6/200 o

Examiner: %{(’ fiZ 27-’ o ’Z{,@M |

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 809; draw line through
citation if not in conformance and not considered. include copy of this form with next communication to applicant.
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Sheet _1__of _1 _
Form PTO-1449 U.S. Department of Commerce | Atty. Docket No.: 0819-226 Serial No.: 09/274,114
(Rev, B-83) Patent and Trademark Office ‘
INFORMATION DISCLOSURE STATEMENT | Applicant: Nobuo AO!
{Use several sheets if necassary) l
Filing Date: March 23, 1999 Group: 1763
U.S. PATENT DOCUMENTS
:E;;tai:l.ner Oocumgnt Numbef Date Name Class Subclass (ifF:g;gro%:taet el
— !
()
]
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Subclass _\_(]'ersam)___!at%
6-291193 . 10/18/94 | Japan Abst.
7-153842 06/16/95 | Japan \ Abst.
... Y
9-64034 03/07/97 | Japan - Abst.
. s f 4 kY
8-153545 .06/1 0/97\. Japan | 4 Abst.
. ; ] N
."\9’ ‘ .
OTHER DOCUMENTS (Inc:,l!udi \g Author, Title, Date, Pertinent Pages, Etc.)
. S
s B
- N
,-"’\
K £ Seaa
!
7
B!
&
o -
Examiner: Date Considered:

*EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP 609; draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Transaction History Date 2.000—(o~(6
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at www.uspto.gov

Application No. Applicant(s) .
09/274,114 AOt
Notice of Allowability Examiner ' ' Group Art Unit
Lynette T.Umez-Eronini 1766

All claims being allowable,, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

{J This communication is responsive to

XI The allowed claim(s) is/are 1-15

Xl The drawings filed on ___ Mar 23, 1999 _ are acceptable.

X Acknowledgement is made of a claim for foreigh priority under 35 U.S.C. § 119(a})-(d).
X Al O Some* [J None of the CERTIFIED copies of the priority documents have been
X received.
(] received in Application No, (Series Code/Serial Number) .
(3 received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:
[0 Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

O Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.
" [0 Applicant MUST submit NEW FORMAL DRAWINGS
{0 because the originally fited drewings were declared by apblicant to be informal,

[ including changes required by the Notlce of Dreftsperson s Patent Drawing Review, PTQ-948, attached hereto or
to Paper No.

(O including changes required by the proposed drawing correction filed on , which has been
approved by the examiner. .

(] including changes required by the attached Examiner's Amendment/Comment

ldentifying indicia such as the appllcatlon number {sea 37 CFR 1.84(c)} should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson.

[J Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
"CODE/SERIAL NUMBERY. If applicant has received a Notice of Allowance and Issue Fee Due. the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be mcluded

Attachment(s)
X Notice of References Cited, PTQ-892
(Xl Information Disclosure Staterhent(s), PTO-1449, Paper No(s). 3 & 4
(X Notice of Draftsperson’s Patent Drawing Review, PT0-948
D Notice of Informal Patent Application, PTO-152
(] Interview Summary, PTO-413
(] Examiner's Amendment/Comment
(] Examiner's Comment Regardmg Requirement for Deposit of onloglcal Material
X Examiner's Statement of Reasons for Allowance

U, S. Patent and Trademark Office

PTO-37 (Rev. 9-95) , , . Notice of Allowability , Part of Paper No. 5

TR
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Application/Control Number: 09/274114 Page 2

Art Unit: 1765

REASONS FOR ALLOWANCE

1. The following is an examiner's statement of reasons for allowance: Prior art
lacks the steps of forming an interconnection étructure as recited in the claims.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

2, Any inquify_ concerning this communication or earlier communications from the
examiner should be directed to Lynette T. Umez-Eronini whose telephone number is

(703) 306-9074.

BENJAMIN L. UTECH
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 1700
Itue |

October 6, 2000
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Application-No. | Applicantis)

- 09/274,114 AO!
Ref erences Ci ted . Examiner _ . Qroup Art"Unit
~ Lynette :'E.,Um'e'zl-Erpnini 1765 Page 1 of 1
U.S, PATENT boéUMENtsi - |
DOCUMENT NO. DATE NAME | CLASS SUBCLASS
| A ~ 5,618,963 5/1996 PARK , 438 624
B 5,635,423 8/1997 HUANG ET AL. 438 638
c| 5702982 12/1997 LEE ET AL. 438 620
- -
E
F
6
H
]
J
K
L
M .
. FOREIGN PATENT DOCUMENTS
DOCUMENT NO. DATE COUNTRY N NAME CLASS | SUBCLASS
N
o
P
a
R
s
T
NON-PATENT DOCUMENTS
DOCUMENT {Including Author, Tide, Source, and Pertinent Pages) DATE
u
Y
w
X

U. S. Patent and Trademark Office

PTO-892 (Rev. 9-95)

Page 354 of 388

Notice of References Cited

Part of Paper No. B



FORM PTO 948 (REV. 01-97) U.S. DEPARTMENT OF COMMERCE-Patent and Trademark Office

Application No. ‘QQZZ_ZQ_._“ 4

NOTICE OF DRAFTPERSON’S
PATENT DRAWING REVIEW
The drawing filied (insert date) y are:
A. not objected to by, the Draftperson under 37 CFR 1.84 or:1.152.
B.____ objected to by the Draftperson under 37 CFR 1.84 or 1.152 as indicated below. The Examiner will require submxssxon of new, corrected

drawings whe necessary. Corrected drawings must be submitted according to the instructions on. the back of this notice.

Black ink. Color.

Color drawmg are not acceptable until peuuon is granted.
Fig(s)

Pencil and non btack ink is not permitted. Fig(s)

2. PHOTOGRAPHS. 37 CFR 1.84(b)
Photographs are not acceptable until petition is granted,

3 full-tone sets are required. Fig(s)

Photographs not properly mounted (must brystol board or
photographic double-wexght paper) Flg(s)
Poor quailty (half tone) Flg(s)
3, TYPE OF PAPER. 37 CFR 1.84(¢)
—_____Papernot flexible, strong, white and durable.

Fig(s)
_ Erasures, alterations, overwritings, mterlxneanons,
folds, copy machine marks not acceptable. {too thin)

Mylar, vellum paper is not acceptable (too thin),
Fig(s)_

4. SIZE OF PAPER. 37 CFR 1.84(F)i Acceptable sizes:
21.0 cm by 29.7 cm (DIN size A4)

21.6 cm by 27.9cm (8 1/2 x 11 inches)

All drawings sheets not the same size.

Sheet(s)

5.MARGINS. 37CFR 18. 4(g) Acceptable margins:

Top 2.5 cm Left 2. Scm Right 1 .5 cm Bottom 1.0 cm
SIZE: A4 Size

Top 2.5 cm Left 2.5 cm Right 1.5 cm Boltom 1 Ocm
SIZE: 8 1/2 x 11

Margins not acceptable. Fig(s)
Top(T) — Left(L)
Right (R) Bottom (B)
VIEWS. CFR 1.84(h)

REMINDER: Specification may require revision to
correspond to drawing changes.

*

Views connected by projection lines or lead lines.
Fig.(s). -

Partial views. 37 CFR 1.84(h)(2)

Brackets needed to show figure as one entity.

1. DRAWINGS. 37 CFR l.84(a):‘ Act:'e'ptable categories of drawings:

: 7. SECTIONAL VIEWS: 37 CFR 1.84(h)(3)

Hatching not.indicated for sectional portions of an object.
- Fig.(s),

Sectional designation should be noted with Arabic or
Roman numbers. Fig.(s)

8. ARRANGEMENT OF VIEWS, 37 CFR 1.84(i)

Words do not appear on a horizontal, left-to-right fashion when
page is either upright or tumed, so that the top becomes the right

side, except for graphs. Fig.(s)
Views not on the same plane on drawing sheet. Fig.(s)

9. SCALE. 37CFR 1.84(k)

Scale not large enough to show mechansim with crowding
when drawing is reduced in size to two-thirds in reproduction.

Fig.(s)

.10 CHARACTER OF LINES NUMBERS & LE’I'I‘E.RS 37 CFR 1.84(1)

Lines, numbers & letters not uniformly Ihlck and well defined,
clean, durable and black (poor line, qualnty)

Fig.(s).
ll SHADING. 31 CFRI. 84(m)
Sohd black areas pale Fig. ).
Solid black shading not permitted. Fig.(s)
Shade lines, pale, rough and blurred. Fig.(s)

12.NUMBERS, LETTERS, & REFERENCE CHARACTERS. .
37 CFR 1.48(p)

Numbers and 'referenct; c'haraclers not piain and legible.
CFigl) -
F\gure legends are poor. Fig. (s)

Numbers and reference characters not oriented in the same
direction as the view. 37 CFR 1.84(p)(3) Fig.(s) i
Engligh alphabet not used. 37 CFR 1.84(p)(3) Fig.(s).
Numbers, letters and reference characters must be at least
32 cm (1/8 inch) in height. 37 CFR 1.84(p)(3) Fig.(s)
13.LEAD LINES. 37 CFR 1.84(g)

Lead lines cross each other. Fig.(s)

Lead lines mlssmg Fig.(s)_
14.NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.48(1)
Sheets not numbered consecutively, and in Ababic numerals

Draftsman: Son Lam

Fig.(s) beginning with number 1. Fig.(s)
Views not labeled separately or properly. 15.NUMBERING OF VIEWS. 37 CFR 1.84(u)
Fig.(s) Views not numbered consecutively, and in Abrabic numerals,
_____ Enlarged view not labeled separately or properly. ‘ beginning with number 1. Fig.(s)
Fig.(s) 16. CORRECTIONS. 37 CFR 1.84(w)
Corrections not made from PTO-948 dated
17.DESIGN DRAWINGS. 37 CFR 1.152 |
Surface shading shown not appropriate. Fig.(s)
Solid black shading not used for color contrast.
Fig.(s) '
COMMENTS .

(703)308-0366

REVIEWER

‘ATTACHMENT TO PAPER NO.
PTO COPY
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BEST COPY

T

i .
AR e % = UNWEDBTATE_“BPARTMENYOFCOMMERCEH#Tiw“
SR ~‘Patant undTndoharkJOfﬂce
I e e e ”NQﬂGE‘EO'F‘A-IZLO-W-ANCE ‘AND.ISSUE FEEDUE:-+. "/
. . IM61/1010
GERALD J FERGUSON JR- S .
SIXBEY FRIEDMAN LEEDOM & FERGUSON S R
- 8180 GREENSBORO DRIVE . ; o
SUITE BOO : 1
MCLEAN VB 22102 - . . : o o : coLh
. e APPLICATIONNO." -+, |~ FILINGDRTE. [ 'rcmxmmw fw x Mﬁmumm NI f“__,.‘.»oﬂemsﬁb“ |
- 09/274.,114 03/23/99. 015~ UHEZ ERONINI, L . 1765  10/10/00
e aoL, . B ”L_F-w "~ as- usc 154(b) tern ext ~ o Days
ESQ#@N METHOD FOR FORMING INIERCONNBCTION STRUCTURE
. ATTYS DOGKET NO. 1 :IEEASSBHM‘AEE"B'AT,MM.’“‘-4\"2"'-ARFLN;.TH.'Pé- .| - SaALCENTITY: [ FEEOUE - - |- - -DkTE‘-DUE'_'- |
1 0B19-226. . 43B8-700:;000 -,TS3 UTILITY  NO  $1240.00 01/107/0%

'-':“-"THE APPLICA‘T IOM IDENTIF!EB KBO VE-/HASHEEN'EXA MINEB kﬂﬂ 1S ALL OWED FUR ISSURNCE/ZS A PA TE m

N

| THE! 4ssusresmusx BE: PAID WIPHIN THREEMON FROMTHE. MAIEING. DATE OFJTHIS NOTICE. OR.THIS
<AppucﬁnpnsHALLaﬁasaﬂnosoigmswwaoNED>:. : QRY S ‘ A 3

‘ HDWTORESPDA’DTOTHISNOIICE' BT AT S

| | Re\new tre. SMALLENJITY atatus shbwﬁ “dbeve.. - i T s LT e e
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Record 1/7 JP03062491B2 The formation method of a wiring structure

Publication Number:
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JP2000003913A 20000107

Title:

The formation method of a wiring structure

Title - DWPI:

Prionty Number:
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Prionty Date:
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Application Number:
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|H01L00213205 H HO1
{ HO1L0021312 H HO1
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| Subclass

| Ho1L
| Ho1L

|H01L

Class Group
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HO1L0021

H01L0021

Subgroup

HO1L00213205

HO1L0021312

HO1L0021768

HO1L0023522 H Ho1

IPC Class Table - DWPI;

| HO1L

HO01L0023

HO1L0023522
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Record 2/7 JP2000294643A METHOD FOR FORMATION OF WIRING STRUCTURE | The
formation method of a wiring structure

Publication Number:
JP2000294643A 20001020
JP03078811B1 20000821

Title:
METHOD FOR FORMATION OF WIRING STRUCTURE | The formation method of a wiring
structure
Title - DWPI:
Interconnection structure for a semiconductor integrated circuit
Prionity Number:

JP1939879371A
Prionty Date:
1998-03-26
Application Number:
JP200066163A
Application Date:
1999-03-19
Publication Date:
2000-10-20
IPC Class Table:
IPC Section Clasa Subclasa Class Group Subgroup
| HO1L00213205 H Ho1 | HO1L  HO1L0021 HO1L00213205
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HO1L0021768 H HO1 ' HO1L HO1L0021 HO1L0021768
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IPC Class Table - DWPI:
IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI
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| HO1L0021768 H HO1 | HO1L HO01L0021 HO1L00217€8

I H01L0023522 H HoO1 ‘ HoO1L HO01L0023 HO01L0023522

' | |
‘ H01L0021311 H HO1 ‘ HO1L HO01L0021 H01L0021311

Assignee/Applicant:

MATSUSHITA ELECTRIC IND CO LTD
JP F Terms:

| SFO04DBOO0 | 5F004DB03 | SF004DB23 | SFO04DB25 | SFO04EAQ3 | SFOO4EAQE |
S5FO04EAQ7 | SFO04EBD1 | SFO04EBO3 | 5SFO33HHO8 | SFO33HH09 | SFO33HH11 | SFO33HH12 |
5FO033HH13 | SFO33HH14 | 5F033HH15 | 5SFO33HH19 | SFO33HH33 | 5F033JJ08 | 5F033JJ09 |
5F033JJ11 | 5F033JJ12 | SF033JJ13 | 5F033JJ14 | SF033JJ15 | 5F033JJ19 | 5F033JJ33 |
5FO033KKO08 | SFO33KKD9 | SFO33KK11 | 5SFO33KK12 | SFO33KK13 | SFO33KK14 | SFO33KK15 |
5F033KK19 | 5F033KK33 | SF033MMO02 | SFO33NNO6 | SFO33PP06 | SFO33PP15 | SF033PP26 |
S5F033QQ10 | 5F033QQ11 | SFO33QQ12 | SF033QQ21 | SFO33QQ24 | SF033QQ25 | SF033QQz27
| SFO33QQ28 | 5F033QQ35 | SF033QQ37 | SF033QQ48 | SFO33RR06 | 5SFO33RR09 |
S5F033RR12 | SFO33RR21 | SFO33RR25 | 5SF033RR26 | SFO33SS03 | SF033SS11 | SF033SS15 |
5F0335S22 | SFO33TT04 | 5SFO33TT0O7 | SFO33XX24
JP Fl Codes:

| HO1L0021302-105A | HO1L0021302-301N | HO1L0021302-301S | HO1L0021302-J |
HO01L002188-B | HO1L0D02190-A | HO1L002190-B | HO1LO02190-S
Assignee - Original:

MATSUSHITA ELECTRIC IND CO LTD
Any CPC Table:

ECLA:;

Abstract:

PROBLEM TO BE SOLVED: To obtain a method for formation of wiring structure by which an
interlayer insulating film having a low specific inductive capacity can be formed by adopting an
ordinary resist process.

SOLUTION: In the method for formation of wiring structure, a first organic film 603, a silicon oxide
film 604, and a second organic film 605 are seguentially deposited on a semiconductor substrate
600, and then, a mask pattern 608 is formed on the second organic film 605. Then the organic film
6085 is patterned by etching the film 605 by using a second resist pattern 608 and the mask pattern
608 as a mask and, at the same time, the second resist pattern 609 is removed. In addition, the
silicon oxide film 604 is patterned by etching the film 604 by using the patterned second organic
film 605A as a mask. Thereafter, a wiring groove is formed in the second organic film 605SA by
etching the film 605A by using the mask pattern 608 as a mask and the first organic film 603 by
using the silicon oxide film 604 as a mask and, at the same time, a contact hole is formed in the
first organic film 603.

COPYRIGHT: (C)2000,JPO&Japio
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SUBJECT of the Invention

A normal resist process is employ|adopted and it enables it to form an interlayer insulation film
with a low dielectric constant.

PROBLEM to be solved

After depositing the 1st organic membrane 803, the silicon oxide film 604, and the 2nd organic
membrane 605 one by one on the semiconductor substrate 600, the mask pattern 608 Iis formed
on the 2nd organic membrane 605.

It etches with respect to organic insulating film 605 by setting the 2nd resist pattern 609 and the
mask pattern 608 as a mask, and while patternizing the 2nd organic membrane 605, the 2nd resist
pattern 609 is removed.

It etches by setting as a mask 2nd organic membrane 605A patternized with respect to the silicon
oxide film 604, and the silicon oxide film 604 is patternized.

While etching by setting the mask pattern 608 as a mask with respect to the 2nd organic
membrane 605A,

A contact hole is formed in the 1st organic membrane 603, while etching by setting a silicon oxide
film as a mask with respect to the 1st organic membrane 603 and forming a wiring groove|channel
in the 2nd organic membrane 605A.

[MAT_IMAGE 000002]

PROBLEM TO BE SOLVED: To obtain a method for formation of wiring structure by which an
interlayer insulating film having a low specific inductive capacity can be formed by adopting an
ordinary resist process. SOLUTION: In the method for formation of wiring structure, a first organic
film 603, a silicon oxide film 604, and a second organic film 605 are sequentially deposited on a
semiconductor substrate 600, and then, a mask pattern 608 is formed on the second organic film
605. Then the organic film 605 is patterned by etching the film 605 by using a second resist
pattern 609 and the mask pattern 608 as a mask and, at the same time, the second resist pattern
609 is removed. In addition, the silicon oxide film 604 is patterned by etching the film 604 by using
the patterned second organic film 605A as a mask. Thereafter, a wiring groove is formed in the
second organic film 605A by etching the film 605A by using the mask pattern 608 as a mask and
the first organic film 603 by using the silicon oxide film 604 as a mask and, at the same time, a
contact hole is formed in the first organic film 603.
Language of Publication:

JA
INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact

! 2014-01-17 | R350
! |

| Deseription: WRITTEN NOTIFICATION OF REGISTRATION OF TRANSFER JAPANESE INTERMEDIATE CODE: R350

| 2014-01-08 5111 "
| I

Deacription:. REQUEST FOR CHANGE OF OWNERSHIP OR PART OF OWNERSHIP JAPANESE INTERMEDIATE CODE:
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PAYMENT UNTIL:

PAYMENT UNTIL:

20130616
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| 2011-05-31

| Desacription:

| 2010-06-01

| Dasaceription:

FPAY +

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)

FPAY ¥

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)

PAYMENT UNTIL:

PAYMENT UNTIL:

20120616
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| 2010-05-27
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| 2009-06-02
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FPAY ¥

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)
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PAYMENT UNTIL:

PAYMENT UNTIL:

20100616
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‘ 2008-06-10

‘ Deacription:

| 2008-06-05
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Maintenance Status (US):
Litigation (US):
Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:
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Record 3/7 JP2000294644A METHOD FOR FORMATION OF WIRING STRUCTURE | The
formation method of a wiring structure

Publication Number:
JP2000294644A 20001020
JP03078812B1 20000821

Title:
METHOD FOR FORMATION OF WIRING STRUCTURE | The formation method of a wiring
structure
Title - DWPI:
Interconnection structure for a semiconductor integrated circuit
Prionity Number:

JP199879371A
Prionty Date:
1998-03-26
Application Number:
JP200066179A
Application Date:
1999-03-19
Publication Date:
2000-10-20
IPC Class Table:
IPC Section Clasa Subclasa Class Group Subgroup
| HO1L00213205 H Ho1 | HO1L  HO1L0021 HO1L00213205
HO1L0021302 H HO1 'HO1L HO1L0021 HO1L0021302
HO1L00213065 H HO1 | HO1L HO1L0021 HO1L00213065
| I
HO1L0021768 H HO1 ' HO1L HO1L0021 HO1L0021768
‘ HO1L0023522 H HO1 Ho1L HO1L0023 HO01L0023522
IPC Class Table - DWPI:
IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI
| HO1L0021302 H HO1 I HO1L HO1L0021 HO1L0021302
HO1L00213065 H HO1 HO1L HO1L0021 HO1L00213065
| HO1L0021312 H HO1 | HO1L HO1L0021 HO1L0021312
HO1L00213205 H HO1 | HO1L HO1L0021 HO1L00213205
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| HO1L0021768 H HO1 | HO1L HO01L0021 HO1L00217€8

I H01L0023522 H HoO1 ‘ HoO1L HO01L0023 HO01L0023522

' | |
‘ H01L0021311 H HO1 ‘ HO1L HO01L0021 H01L0021311

Assignee/Applicant:

MATSUSHITA ELECTRIC IND CO LTD
JP F Terms:

| SFOO4AAD8 | SFO04AA16 | SFO04DAOD | SF004DBO0 | SFOD4DBO3 | SFO04DBO7 |
SF004DB23 | SF004DB25 | SFOD4EAQ3 | SFOO4EBDO1 | SFOO4EBD3 | SFO04EBO8 | SFO33HHOS |
SFO33HHO09 | SFO33HH11 | SFO33HH12 | SFO33HH13 | 5SF033HH14 | SFO33HH15 | SFO33HH19 |
SFO33HH33 | SF033JJ08 | SF033JJ09 | SF033JJ11 | SF033JJ12 | SF033JJ13 | SF033JJ14 |
S5F033JJ15 | SF033JJ19 | 5F033JJ33 | SFO33KKO08 | SFO33KK09 | SFO33KK11 | SFO33KK12 |
SFO33KK13 | SF033KK14 | SFO33KK15 | 5F033KK19 | SFO33KK33 | SFO33MMO02 | SFO33NNO6 |
SFO33PP06 | SF033PP15 | SFO33PP26 | 5F033QQ10 | SF033QQ11 | SF033QQ12 | SFO33QQ21 |
SF033QQ25 | 5F033QQ27 | SF033QQ28 | 5F033QQ35 | SFO33QQ37 | 5SF033QQ48 | SFO33RR06
| SFO33RR09 | 5F033RR12 | 5SFO33RR21 | SFO33RR25 | SFO33RR26 | SF033SS03 | SF033SS11 |
SF0335515 | 5F0338S822 | SFO33TT04 | SFO33TTO07 | SFO33XX24
JP Fl Codes:

| HO1L0021302-105A | HO1L0021302-301N | HO1L0021302-301S | HO1L0021302-301Z |
HO01L0021302-J | HO1L002188-B | HO1L002190-A | HO1L002120-B | HO1LD02120-S
Assignee - Original:

MATSUSHITA ELECTRIC IND CO LTD
Any CPC Table:

ECLA:;

Abstract:

PROBLEM TO BE SOLVED: To provide a method for formation of wiring structure by which an
interlayer insulating film having a low specific inductive capacity can be formed by adopting an
ordinary resist process.

SOLUTION: In the method for formation of wiring structure, a first organic matter-bearing silicon
oxide film 303, an SOG film 304 having a low specific inductive capacity, and a second organic
matter-containing silicon oxide film 305 are sequentially deposited on a semiconductor substrate
300, and then, a mask pattern 308 is formed on the silicon oxide film 305. Then contact holes 310
are formed in the silicon oxide film 303 by etching the silicon oxide film 305, SOG film 304, and
silicon oxide film 303 by using a second resist pattern 309 as a mask. After the pattern 309 is
removed thereafter, wiring grooves 311 are formed in the SOG film 304 by etching the silicon
oxide film 305 and SOG film 304 by using a mask pattern 308 as a mask.

COPYRIGHT: (C)2000,JPO&Japio

SUBJECT of the Invention
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A normal resist process is employ|adopted and it enables it to form an interlayer insulation film
with a low dielectric constant.

PROBLEM to be solved

On the semiconductor substrate 300, the 1st organic containing silicon oxide film 303, low
dielectric constant SOG film 304, and the 2nd organic containing silicon oxide film 305 were
deposited one by one,

Then, the mask pattern 308 is formed on the 2nd organic containing silicon oxide film 305.

It etches by setting the 2nd resist pattern 309 as a mask with respect to the 2nd organic containing
silicon oxide film 305, low dielectric constant SOG film 304, and the 1st organic containing silicon
oxide film 303, and the contact hole 310 is formed in the 1st organic containing silicon oxide film
303.

The 2nd resist pattern 309 was removed,

Then, it etches by setting the mask pattern 308 as a mask with respect to the 2nd organic
containing silicon oxide film 305 and low dielectric constant SOG film 304, and the wiring
groove|channel 311 is formed in low dielectric constant SOG film 304.

[MAT_IMAGE 000002]

PROBLEM TO BE SOLVED: To provide a method for formation of wiring structure by which an
interlayer insulating film having a low specific inductive capacity can be formed by adopting an
ordinary resist process. SOLUTION: In the method for formation of wiring structure, a first organic
matter-bearing silicon oxide film 303, an SOG film 304 having a low specific inductive capacity,
and a second organic matter-containing silicon oxide film 305 are sequentially deposited on a
semiconductor substrate 300, and then, a mask pattern 308 is formed on the silicon oxide film
305. Then contact holes 310 are formed in the silicon oxide film 303 by etching the silicon oxide
film 305, SOG film 304, and silicon oxide film 303 by using a second resist pattern 309 as a mask.
After the pattern 309 is removed thereafter, wiring grooves 311 are formed in the SOG film 304 by
etching the silicon oxide film 305 and SOG film 304 by using a mask pattern 308 as a mask.
Language of Publication:

JA
INPADOC Legal Status Table:

Gazette Date Cede INPADOC Legal Status Impact

! 2014-01-17 | R350
! .

| Deacription: WRITTEN NOTIFICATION OF REGISTRATION OF TRANSFER JAPANESE INTERMEDIATE CODE: R350

| 2014-01-08 S111 "
| |

Deacription: REQUEST FOR CHANGE OF OWNERSHIP OR PART OF OWNERSHIP JAPANESE INTERMEDIATE CODE:
| R313113

‘ 2013-11-18 R350 B

‘ Deacription: WRITTEN NOTIFICATION OF REGISTRATION OF TRANSFER JAPANESE INTERMEDIATE CODE: R350
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| 2013-11-08

| Description:

R313533

2012-06-05

8533 -

FPAY +

WRITTEN REQUEST FOR REGISTRATION OF CHANGE OF NAME JAPANESE INTERMEDIATE CCDE:

2012-05-31

2011-05-31

Description:

Description:

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)

FPAY +

RENEWAL FEE PAYMENT (PRS DATE 1§ RENEWAL DATE OF DATABASE)

FPAY +

PAYMENT UNTIL:

PAYMENT UNTIL:

20130616

20120616

Deseription:

| 2010-06-01

i Deascription:

‘ 2010-05-27

RENEWAL FEE PAYMENT (PRS DATE 1S RENEWAL DATE OF DATABASE)

FPAY +

RENEWAL FEE PAYMENT (PRS DATE {S RENEWAL DATE OF DATABASE)

FPAY +

PAYMENT UNTIL:

PAYMENT UNTIL:

20120616

20110616

f
| Description:

| 2009-06-02

RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)

FPAY +

PAYMENT UNTIL:

| Description; RENEWAL FEE PAYMENT (PRS DATE 15 RENEWAL DATE OF DATABASE)

2008-06-10

FPAY +

PAYMENT UNTIL:

20100616

20100616

2008-06-05

\—

Description: RENEWAL FEE PAYMENT (PRS DATE 1S RENEWAL DATE OF DATABASE)

FPAY +

| Description: RENEWAL FEE PAYMENT (PRS DATE IS RENEWAL DATE OF DATABASE)

Post-lssuance (US):

Reassignment (US) Table;

Maintenance Status (US):

Litigation (US):

Oppuosition (EP):

PAYMENT UNTIL:

PAYMENT UNTIL:

20090616

20080616
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License (EP):

EPO Procedural Status:

Front Page Drawing:
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Record 4/7 US6197696B1 Method for forming interconnection structure

Publication Number:
US6197696B1 20010306

Title:
Method for forming interconnection structure
Title - DWPI:
Interconnection structure for a semiconductor integrated circuit
Priority Number:
JP199879371A
Priority Date:
1898-03-26
Applicatton Number:
US1999274114A
Application Data:
1899-03-23
Publication Date:
2001-03-06
IPC Class Table:

IPC Section Class Subclaas Claas Group Subgreup

| HO1L0021768 H HO1 | HO1L H01L0021 HO1L0021768

IPC Class Table - DWPI:

| IPC - DWPI Section - DWPI Clasa - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI

_H01;_0021302 i H - _H01 - | HO1L H01L0021 I_-IO1 L0021302
HO1L002 13065 H Ho1 | HO1L H01L0021 HO1L00213065

| Ho1L0021312 H Ho1 ‘ Ho1L H01L0021 HO01L0021312

| HO1L00213205 H | Ho1 r Ho1L H01L0021 H01L00213205

‘ HO1L0021768 H | HO1 I HO1L H01L0021 HO1L0021768
H01L0023522 H Ho1 1 HO1L Ho1L0023 HO01L0023522
i_l-|01_L0021311- H - Ho1 - | H(;1L_ - HO01L0021 H HO1L0021311

Assignee/Applicant;
Matsushita Electric Industrial Co. Ltd. Osaka,JP
JP F Terms:
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JP Fl Codes:

Assignee - Original:
Matsushita Electric Industrial Co. Ltd.

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 21/76835 - 20130101 EP
Current HO1L 21/76811 20130101 EP
Current HO1L 21/76813 20130101 EP
Current HO1L 21/76814 20130101 EP
Current HO1L 21/76826 20130101 EP
Current HO1L 21/76829 20130101 EP
Current HO1L 21/76831 20130101 EP
Current HO1L 21/78895 20130101 EP

ECLA:

HO1L0021768B12 | HO1LD021768B2D6 | HO1L0021768B2D8 | HO1L0021768B2F |
HO01L0021768B8P | HO1L0021768B10 | HO1L0O021768B10B | HO1L0021768C10
Abstract:

In a method for forming an interconnection structure, first, second and third insulating films and a
thin film are sequentially formed over lower-level metal interconnects. Then, the thin film is
masked with a first resist pattern and etched to form a mask pattern with openings for
interconnects. Next, the third insulating film is masked with a second resist pattern and dry-etched
such that the third insulating film and the first and second resist patterns are etched at a high rate
and that the second insulating film is etched at a low rate to form openings for contact holes in the
third insulating film and remove the first and second resist patterns. Then, the second insulating
film is masked with the third insulating film and dry-etched such that the second insulating film is
etched at a high rate and that the first and third insulating films are etched at a low rate to form the
openings for contact holes in the second insulating film. Then, the third and first insulating films
are masked with the mask pattern and the second insulating film, respectively, and dry-etched
such that the first and third insulating films are etched at a high rate and that the mask pattern and
the second insulating film are etched at a low rate to form wiring grooves and contact holes in the
third and first insulating films, respectively. Finally, upper-level metal interconnects and contacts
are formed.
Language of Publication:

EN
INPADOC Legal Status Table:

| Gazette Date Cede INPADOC Legsl Status Impact
| 2014-02-03 AS -

Deacription: ASSIGNMENT GODO KAISHA IP BRIDGE 1, JAPAN ASSIGNMENT OF ASSIGNCRS INTEREST;
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‘ ASSIGNOR:PANASONIC CORPORATION (FORMERLY MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.);
REEL/FRAME:032152/0514 2014-01-17

‘ 2012-08-20 FPAY +

‘ Description: FEE PAYMENT

| 2008-08-27 FPAY +

| Description: FEE PAYMENT

| 2004-0B-04 FPAY +

| Description: FEE PAYMENT
| 1999-03-23 AS .

| Deseription: ASSIGNMENT MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD., JAPAN ASSIGNMENT OF ASSIGNORS
| INTEREST,; ASSIGNOR:AOCI, NOBUO; REEL/FRAME:009862/0097 1999-03-19

Post-Issuance (US):

Reassignment (US) Table:
Assignee Assigner Date Signed Reel/Frame Date
GODO KAISHA IP BRIDGE PANASONIC 2014-01-17 032152/0514 2014-02-03
1,TOKYO,JP CORPORATION

(FORMERLY MATSUSKITA
ELECTRIC INDUSTRIAL
CO., LTD.)

‘ Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

‘ Corresponent SUGHRUE MION, PLLC 2100 PENNSYLVANIA AVE. NW SUITE 800 WASHINGTON, DC 20037-3213

MATSUSHITA ELECTRIC AOI, NOBUO | 1995-03-19 005862/0097 1999-03-23
INDUSTRIAL CO.
LTD.,OSAKA §71-8501,JP

| Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

| Corresponent SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, ERIC J. ROBINSCON 8180 GREENSBORO DRIVE SUITE 800
| MCLEAN, VA 22102

Maintenance Status (US):
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Litigation (US):
Opposition (EP):
License (EP):

EPO Procedural Status:

Front Page Drawing:
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Record 5/7 US6287973B2 Method for forming interconnection structure

Publication Number:
US6287973B2 20010911
US20010001735A1 20010524

Title:
Method for forming interconnection structure
Title - DWPI:
Interconnection structure for a semiconductor integrated circuit
Prionty Number;
JP199879371A | US1989274114A
Priority Date:
1998-03-26 | 1999-03-23
Application Number:

US2001756242A
Application Date:
2001-01-09
Publication Date:
2001-09-11
IPC Class Table:
IPC Section Class Subelass Class Group Subgreup
| HO1L0021768 H Ho1 | HO1L H01L0021 HO1L0021768
IPC Class Table - DWPI:
| IPC - DWPI Section - DWPI Clasa - DWPI Subelass - DWPI Class Greup - Subgroup - DWPI
DWPI
HO1L0021302 H HO1 | HO1L HO01L0021 HO1L0021302
| HO1L00213065 H HO1 I HO1L H01L0021 HO1L00213065
| H01L0021312 H HO1 I HOo1L HO01L0021 HO01L0021312
H01L00213205 H HO1 ! Ho1L H01L0021 HO01L00213205
|
| HO1L0021768 H HO1 Ho1L HO01L0021 HO1L0021768
H01L0023522 H HO1 1 HO1L HO01L0023 HO1L0023522
| HO1L0D21311 H HO1 | HO1L H01L0021 HO01L0021311

Assignee/Applicant;
Matsushita Electric Industrial Co. Ltd. Osaka,JP
JP F Terms:
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JP Fl Codes:

Assignee - Original:
Matsushita Electric Industrial Co. Ltd.

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 21/7683S - 20130101 EP
Current HO1L 21/76811 20130101 EP
Current HO1L 21/76813 20130101 EP
Current HO1L 21/76814 20130101 EP
Current HO1L 21/768286 20130101 EP
Current HO1L 21/76829 20130101 EP
Current HO1L 21/76831 20130101 EP
Current HO1L 21/76895 20130101 EP

ECLA:

HO1L0021768B12 | HO1L0O021768B2D6 | HO1L0021768B2D8 | HO1L0021768B2F |
HO1L0021768B8P | HO1L0021768B10 | HO1L0OD21768B10B | HO1L0021768C10
Abstract:

In a method for forming an interconnection structure, first, second and third insulating films and a
thin film are sequentially formed over lower-level metal interconnects. Then, the thin film is
masked with a first resist pattern and etched to form a mask pattern with openings for
interconnects. Next, the third insulating film is masked with a second resist pattern and dry-etched
such that the third insulating film and the first and second resist patterns are etched at a high rate
and that the second insulating film is etched at a low rate to form openings for contact holes in the
third insulating film and remove the first and second resist patterns. Then, the second insulating
film is masked with the third insulating film and dry-etched such that the second insulating film is
etched at a high rate and that the first and third insulating films are etched at a low rate to form the
openings for contact holes in the second insulating film. Then, the third and first insulating films
are masked with the mask pattern and the second insulating film, respectively, and dry-etched
such that the first and third insulating films are etched at a high rate and that the mask pattern and
the second insulating film are etched at a low rate to form wiring grooves and contact holes in the
third and first insulating films, respectively. Finally, upper-level metal interconnects and contacts
are formed.
Language of Publication:

EN
INPADOC Legal Status Table:

| Gazette Date Cede INPADOC Legal Status Impact

| 2014-02-03 AS e
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Description; ASSIGNMENT GODO KAISHA IP BRIDGE 1, JAPAN ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:PANASONIC CORPORATION (FORMERLY MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.);
REEL/FRAME:032152/0514 2014-01-17

2013-02-19 FPAY +

Description; FEE PAYMENT

2009-02-11 | FPAY +

Description: FEE PAYMENT

| 2005-02-17 FPAY +

| Description: FEE PAYMENT

Post-lssuance (US):

Reassignment (US) Table:
| Assignee | Assignor Date Signad Real/Frame Date
2 e = e e e N
GODO KAISHA IP BRIDGE PANASONIC | 2014-01-17 032152/0514 2014-02-03
1, TOKYO,JP CORPORATION
(FORMERLY MATSUSHITA
ELECTRIC INDUSTRIAL
co., LTD.)

| Conveysnce: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

| Corresponent SUGHRUE MION, PLLC 2100 PENNSYLVANIA AVE. NW SUITE 800 WASHINGTON, DC 20037-3213

Maintenance Status (US):
Litigation (US):
Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:
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Record 6/7 EP945900B1 Method for forming interconnection structure | Verfahren zur Herstellung
einer Verbindungsstruktur | Méthode de formation d'une structure d'interconnexion

Publication Number:
EP945900B1 20060809
EP945900A1 19990528

Title:

Method for forming interconnection structure | Verfahren zur Herstellung einer

Verbindungsstruktur | Méthode de formation d'une structure d'interconnexion
Title - DWPI:
Interconnection structure for a semiconductor integrated circuit
Priorify Number:
JP1989879371A
Priority Date:
1998-03-26
Application Number:
EP1999105946 A
Application Date:
1999-03-24
Publication Date:
2006-08-09
IPC Class Table:

IPC Section Class Subelaas Class Group

: HO1L0021768 H HO1 | HO1L H01L0021

IPC Class Table - DWPI:

Subgroup

HO1L0021768

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWP|
DWPI

! H;I_L002130_2 ) H _ "H01 _ |;0_1L - H01L0021 ;01 L0021302
HO1L00213065 H HO1 'HO1L HO01L0021 HO1L00213065

| HO1L0021312 H Ho1 I Ho1L HO01L0021 HO01L0021312
HO1L00213205 H HO1 ; HO1L " HO01L0021 HO01L00213205

| HO1L0021768 H Ho1 i Ho1L | HO01L0021 HO01L0021768
H01L0023522 H HO1 HO1L HO01L0023 HO01L0023522
HO1 L0021311_ H HO1 _| |:|01L H01;00;1 HO01L6021311

Assignee/Applicant:
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MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD,Kadoma shi, Osaka 571 8501,JP,01855508
JP F Terms:

JP Fl Codes:

Assignee - Original:
MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 21/76835 - 20130101 EP
Current HO1L 21/76811 20130101 EP
Current HO1L 21/76813 20130101 EP
Current HO1L 21/76814 20130101 EP
Current HO1L 21/76826 20130101 EP
Current HO1L 21/76829 20130101 EP
Current HO1L 21/76831 20130101 EP
Current HO1L 21/78895 20130101 EP

ECLA:

HO1L0021768B12 | HO1LD021768B2D6 | HO1L0021768B2D8 | HO1L0021768B2F |
HO1L0021768B8P | HO1L0021768B10 | HO1L0021768B10B | HO1L0021768C10
Abstract:

In a method for forming an interconnection structure, first, second and third insulating films and a
thin film are sequentially formed over lower-level metal interconnects. Then, the thin film is
masked with a first resist pattern and etched to form a mask pattern with openings for
interconnects. Next, the third insulating film is masked with a second resist pattern and dry-etched
such that the third insulating film and the first and second resist patterns are etched at a high rate
and that the second insulating film is etched at a low rate to form openings for contact holes in the
third insulating film and remove the first and second resist patterns. Then, the second insulating
film masked with the third insulating film is dry-etched such that the second insulating film is
etched at a high rate and that the first and third insulating films are etched at a low rate to form the
openings for contact holes in the second insulating film. Then, the third and first insulating films
masked with the mask pattern and the second insulating film, respectively, are dry-etched such
that the first and third insulating films are etched at a high rate and that the mask pattern and the
second insulating film are etched at a low rate to form wiring grooves and contact holes in the third
and first insulating films, respectively. Finally, upper-level metal interconnects and contacts are
formed.
Language of Publication:

EN
INPADOC Legal Status Table:

| Gazette Date Cede INPADOC Legsl Status Impact
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| 2015-03-31

| Dascription: POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

2014-08-29

| Description: POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

| 2014-06-30

| Dascription: POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFF(CE

GB

| 2014-05-30

‘ Deacription: POSTGRANT:

| 2014-04-30

‘ Deaseription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

‘2013;03-30

| Description: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

NL

| 2013-04-30

| Deseription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

GB

| 2013-04-30

| Description: POSTGRANT:

| 2013-04-30

| Description: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

| 2012-07-31

| Description: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

2012-07-31

| Deacription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

! _201 2.06-29

| Description: POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

GB
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| 2012-04-30

PGFP

| Deseription: POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE FR

| 2011-07-29

| Description:

PGFP

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE GB

| 2011-07-29

| Deacription:

PGFP

POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE DE

| 2011-05-31

POSTGRANT

| Description:

‘ 2011-05-31

| Description:

POSTGRANT:

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

NL

FR

2010-08-31

Deascription:. POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

DE

| 2010-08-31

| Deacription:

POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

NL

| 2010-08-30

| Description: POSTGRANT:

| 2010-05-31

| Daseription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

GB

FR

| 2009-10-30

Deacription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

FR

‘ 2008-08-31

i Deacription: POSTGRANT:

PGFP

ANNUAL FEES PAID TO NATIONAL OFFICE

‘ 2008-08-30

‘ Deascription:. POSTGRANT

PGFP

: ANNUAL FEES PAID TO NATIONAL OFFICE

GB
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