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(57) ABSTRACT

In a method for forming an interconnection structure, first,
second and third insulating films and a thin film are sequen-
tially formed over lower-level metal interconnects. Then, the
thin film is masked with a first resisi pattern and etched lo
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 thethird 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 patlerns. Then, the
secondinsulating 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 openingsfor 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 (hird 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,

15 Claims, 37 Drawing Sheets
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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.c., parasitic
capacitance between metal interconnects), thus interfering
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, 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., etc. 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 materialis just a little bit higher
than, but almost equalto, 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
only slightly.

Under these circumstances, not only reducing intercon-
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 ofan
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 circuit 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 polymerfilm and so on have been proposed as
alternate interlevel insulating films with respective relative
dielectric constants smaller than that of a silicon dioxide
film.

The relative dielectric constant ofa 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
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film. Nevertheless, a Huorine-dopedsilicon dioxide film is
highly hygroscopic, and easily absorbs water in the air,
resulting in various problemsin 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

constant of the fluorine-dopedsilicon dioxide film adversely
increases, or the SIOH groups react with the water during a
heat treatment to release H,Ogas. In addition, fluorine free
radicals, contained in the fluorine-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 TiFfilm, which easily
peels off.

An HSQ (hydrogensilsesquioxane) film, composed ofSi,
O and H atoms, is an exemplary low-diclectric-constant
SOGfilm. In the HSQ film, the number of the H atoms is
about 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,sinceit 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, if 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. 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 HSQfilm 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-
nects and the organic polymerfilm, 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 polymerfilm is likely to be
damaged during ashing and removing the resist pattern.
Therefore, a proposed alternate process includes: forming a
CVDoxide film on an organic polymerfilm; forminga resist
film on the CVD oxide film; and then etching the resist film
using the CVD oxidefilm as an etch 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
polymerfilm is exposed to a reactive gas containing oxygen.
Accordingly, the organic polymerfilm reacts with oxygen to
take in polar groups such as carbonyl groups and ketone
groups. As a result, the relative dielectric constant of the
organic polymerfilm disadvantageously increases.

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

5 cross-sectional area of the metal interconnects decreases.

Consequently, the intendedeffect attainable by the use of the
copperlines, ie., reduction in resistance, would be lost.
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SUMMARY OF THE INVENTION

An object ofthe 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 first 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; 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) formingafirst
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, thercby forming a
mask pattern out of the thin film to have the openings for
forming wiring grooves; g) forming a secondresist pattern,
having a plurality of openings for forming contact holes, on
the third insulating film; h) dry-etching the third insulating
film under such conditionsthat the third insulating film and
the first and secondresist 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 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; 1)
dry-etching the second insulating film using the patterned
thirdinsulating film as. a mask under such conditionsthat the
secondinsulating film is etched at a relatively high rate and
that the first and third insulating films are etched at a
relatively low rate, thereby patterning the second insulating
film to have the openings for forming contact holes; j)
dry-etching the third andfirst insulating films using the mask
pattern and the patterned secondinsulating film as respective
masks under such conditions that the first and third insulat-

ing 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, 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
are etched 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 secondresist patterns with oxygen plasma.In other
words, since il 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-
etching 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 self-alignment.

Moreover, the composition of the secondinsulating film
is different from that of the third insulating film. Thus, the
secondinsulating 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
})-

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 j) and k),

In such an embodiment, the adhesion between the upper-
level metal interconnects and ihe 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 film is preferably mainly composed ofan organic
component.

In such an embodiment, the conditions employed in the
step h), i.e,, that the third insulating film and the first and
secondresist 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 c) preferably includes form-
ing the third insulating film by a CVD process using a
reaclive 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 employedin the step i), i.e., 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 rate, are realized with much morecertainty. At
the same time, the conditions employed in the step j), Le.,
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 etchedat 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 of the first
insulating film exposed inside the contact holes by a plasma
process uSing a reactive gas containing nitrogen between the
steps j) andk).

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
CVDprocess 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 dielectric constant can

be formed as the first insulating film with a lot more
certainty.
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Asecond methodfor 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; 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, 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 for
forming wiring grooves; g) forming a secondresist 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 secondresist 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 etchedat a relatively
low rate, thereby patterning the third insulating film to have
the openings for forming contact holes; 1) 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 secondresist
patterns are etched at a relatively low rate, thereby pattern-
ing the second insulating film to have the openings for
forming contact holes; }) removingthe first and second resist
patterns; k) dry-etching the third and first insulating films
using the mask pattern and the patterned secondinsulating
film as respective masks under such conditionsthat the first
and third insulating films are etched at a relatively high rate
andthat 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 interconnects and contacts connecting the lower-
and upper-level metal interconnects together.

In the second method of the present invention, even if a
damagedlayer is 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 secondresist
patterns, the damaged layer can be removed withoutfail in
the next step k). In this step, the third and first insulating
films are dry-etched using the mask pattern andthe 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. Accordingly,
low-dielectric-constant insulating films, which would oth-
erwise be damagedeasily by oxygen plasma, 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 embodimentof 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 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)
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forminga 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; 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)
forminga 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 secondresist 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; }) 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-etching the patterned fourth
insulating film and the secondinsulating 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-ctching the patterned third insulating film and the first
insulating film using the mask pattern and the patterned
secondinsulating film as respective masks, thereby forming
ihe 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 interconnects 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,
evenif the first resist pattern is removed by oxygen plasma,
ihe third insulating film is not damaged. Also, the second
insulating film 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 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
process.

In one embodimentofthe 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 embodimentofthe present invention,a size of
the openings ofthe secondresist 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 secondresist pattern for forming contact holes have mis-

aligned with the openings of the mask pattern for forming
wiring grooves, the openings of the patterned fourth insu-
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lating film for forming contact holes can be formedto be
self-aligned with the openings of the mask pattern for
forming wiring grooves, This is because the openings of the
patternedfourth insulating film for forming contact holes are
formed in respective regions where the openings of the
secondresist 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.

A fourth 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; 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) removing thefirst resist pattern
and then forming a second resist pattern on the third insu-
lating film and the mask pattern, the second resist pattern
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; i) dry-etching 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; }) dry-etching the patterned third insulating
film andthe first insulating film using the mask pattern and
ihe patterned second insulating film as respective masks,
thereby forming wiring grooves and contact holes in the
patterned 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 ofthe 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 plasmaor dry etching,
can be usedas thefirst 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 embodimentofthe present invention, a size of
the openings of the secondresist 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 ofthe patterned third insulat-
ing film for forming contact holes can be formed to be
self-aligned with the openings of the mask pattern for
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forming wiring grooves. This is because the openingsofthe
patterned third insulating film for forming contact holes are
formed in respective regions where the openings of the
secondresist 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(@) through I(c) are cross-sectional viewsillus-
trating respective process steps for forming an interconnec-
tion structure according to the first embodiment of the
present invention.

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

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

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

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

FIGS. 6(@) through 6(c) are cross-sectional viewsillus-
trating the problems caused by the misalignment ofthe
second resist pattern during the process of forming the
interconnection structure of the first embodiment.

FIGS. 7(a@) through 7(c) are cross-sectional views illus-
trating measures to 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(@) through 8(c) are cross-sectional viewsillus-
trating the measures to solve the problems caused by the
misalignmentofthe secondresist pattern during the process
of forming the interconnection structure of the first embodi-
ment.

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

FIGS. 10(@) through 10(¢) are cross-sectional viewsillus-
trating respective process steps for forming the interconnec-
tion structure of the second embodiment.

FIGS. 11(#) 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 viewsillus-
trating respective process steps for forming an interconnec-
tion structure according to the third embodiment of the
present invention.

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

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

FIGS. 15(@) 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(¢) are cross-sectional viewsillus-
trating respective process steps for forming the interconnec-
tion structure of the modified example of the third embodi-
ment.

PIGS. 17(@) through 17(c) are cross-sectional viewsillus-
irating respective process steps for forming the interconnec-
tion structure of the modified example of the third embodi-
ment.

FIGS. 18(a@) through 18(c) are cross-sectional viewsillus-
trating respective process steps for forming an inlerconnec-
tion structure according to the fourth embodiment of the
present invention.

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

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

FIGS. 21(@) 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(@) through 22(c) are cross-sectional viewsillus-
trating respective process steps for forming the interconnec-
tion structure of the fifth embodiment.

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

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

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

PIGS. 26(a) through 26(d) are cross-sectional viewsillus-
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 viewsillustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

FIGS. 28(@) and 28(5) are perspective viewsillustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

FIGS. 29(a) and 29(b) are perspective viewsillustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

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

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

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

FIGS. 33(a@) through 33(c) are cross-sectional viewsillus-
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-sectional views illus-
irating 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 viewsillus-
trating respective process steps for forming the interconnec-
tion structure in the modified example of the sixth embodi-
ment.

FIG, 36is a plan view illustrating a positional relationship
between the openings of a mask pattern for forming wiring
grooves and the openings of a secondresist pattern 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 secondresist pattern and
between a first metal interconnect and an associated contact

in the modified example of the fifth embodiment; and

FIG. 37(6) illustrates respective positional relationships
between the mask pattern and the secandresist pattern and
betweenafirst 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 I(c), FIGS. 2(@) through 2(c) and FIGS.
3(a) through 3{c).

First, as shown in FIG. 1(q), a silicon nitride film 102 is
formed over first metal interconnects 101 formed on a
semiconductor substrate LOO, The silicon nitride film 102 is

formed to be 50 nm thick, for example, and used to protect
the first metal interconnects LO1 during a subsequentetching
process step. Thereafter, a first organic film 103 (first in 25
sulating film), mainly composed of an organic component, is
formed to be 1 wm thick, for example, on the silicon nitride
film 102. Next, an organic-containing silicon dioxide film
104 (second insulating film), containing 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 fluorine-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-
amethy] 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 introduced into silicon dioxide, can be
obtained.
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It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic films
103 and 105 and the organic-containing silicon dioxide film
104, i.e., a film etchedat a sufficiently low rate (e.g., silicon
nitride film), may be used instead ofthe 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 onthe 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. I(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 removingthe first resist
pattern 107. Then, the second organic film 105 is dry-etched,
thereby forming a patterned second organic film LOSA
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 secondresist patterns 107 and 109 are all mainly
composed of organic components, the second organic film
105 is etched 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 secondresist 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(5). In this process step, by
selecting such etching conditions that the organic-containing
silicon dioxide film 104 is etched at a rate higher than that
of 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 patterned first organic film 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 patternedsilicon nitride
film 102A and exposing the first metal interconnects 101
within the contact holes 110 as shown in FIG. 3(a).

Then, as shownin 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. Thereafter, a meta! 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 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.
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Finally, as shown in FIG, 3(c), respective portions of the
adhesion 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 CMPtechnique, for example.
As a result, second metal interconnects 114 and contacts
115, connecting 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 struc-

ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 14

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 phenylirimethoxy silane.
Accordingly, the film 104 has a structure in which a phenyl
group (i.e., an exemplary organic group), bondedto 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 oxidefilm. 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 secondresist 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 removethe first and second
resist patterns 107 and 109 with oxygen plasma. Thatis to
say, it is possible to prevent the second organic film 105
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-
etching 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 etch stopper.
Accordingly, the depth of the wiring grooves 111 matches
with the thickness of the second organic film 105, Thatis to
say, the depth of the wiring grooves 111 can be defined by
self-alignment.

Hereinafter, problems caused by the misalignment of the
secondresist pattern 109 with thefirst resist pattern 107 and
the measuredtaken to solve the problems will be described.

First, it will be described with reference to FIGS. 4(a)
through 4(c), FIGS. 5(@) through 5(c) and FIGS. 6(a@)
through 6(c) what problems are caused if the secondresist
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 100

as shown in FIG. 4(a). Thereafter, a first organic film 103,
mainly composed of an organic component, is formedto be
1 wm 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
formedto 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.
Anda 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. Thereafter, 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).

Subsequently, 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(@) and L(c) are compared with
each other, the secondresist pattern 109 has misaligned with
the first resist patlern 107 in this case.

Then, the second organic film 105 is dry-ctched, thereby
forming a patterned second organic film LOSA having the
openings for forming contact holes as shown in FIG, 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 patterns 107 and 109 are removed simulta-
neously with the dry-etching ofthe 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-
etched using the mask pattern 108 as a mask, thereby
forming the wiring grooves L11 in the patterned second
organic film 105A as shown in FIG, 6(a). 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 patterned first organic film 103A
having the contact holes 110 as shown in FIG. 6(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, 6(D).

Then, an adhesion layer 112, made oftitanium nitride, is
deposited to be 50 nm thick, for example, on the wall faces
of the contact holes 110 and the wiring grooves 11.
Thereafter, a metal film is deposited over the entire surface
ofthe substrate and respective portionsof the adhesion layer
112, the metal film and the mask pattern 108, which are
deposited on the patterned second organic film 1OSA, are
removed 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 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 contact failure,
Next, it will be described with reference to PIGS. 7(a)

through 7(c) and FIGS. 8(@) through 8(c) what measures
should be taken to solve the problems caused by the mis-
alignment of the secondresist 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 thefirst 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 secondresist
pattern 109, are removed and each opening of the mask
pattern 108 is expandedto 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 transferredto the first resist pattern 107 and
the mask pattern 108.

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 shownin FIG. 7(6). In
this case, since the second organic film 105 and the first and
secondresist patterns 107 and 109 are all mainly composed
of organic components, the first and secondresist 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 1LO5A 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
case, the pattern for the openingsof the secondresist pattern
for forming contact holes 109 has been successfully trans-
ferredtothe 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 LOSA 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 shownin FIG. 8(@). 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 patterned first organic film LO3A
having the contact holes 110 as shown in FIG. 8(a).
Subsequently, the silicon nitride film 102 is dry-etchedusing
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 LOL within
the contact holes 110 as shownin FIG. 8(5).

Then, an adhesion layer 112, made oftitanium 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
ofthe substrate and respective portions ofthe 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 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, &(c).

EMBODIMENT2

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

Thereafter, a first organic film 203 (first insulating film),
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mainly composed of an organic component, is formed to be
1 wm thick, for example, on the silicon nitride film 202.
Next, an organic-containingsilicon dioxide film 204 (second
insulating film), containing an organic componentin 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 titantum 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 ofperfluo-
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 andthe organic-containingsilicon dioxide film
204, i.c., a film etched at a sufficiently low rate (e.¢., silicon
nitride film), may be usedinstead ofthe titanium nitride film
206.

Next, as shown in PIG, 9(b), a first resist pattern 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 removingthefirst resist
pattern 207. Then, the second organic film 205 is dry-etched,
ihereby forming a patterned second organic film 205A
having the openings for forming contact holes as shown in
FIG. 10(@). 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 etched at a rate substantially equalto that
of the first and second resist patterns 207 and 209.
Accordingly, when the second organic film 205 is dry-
etched, the first and secondresist patterns 207 and 209 are ;
also removed simultaneously.

If the secondresist pattern 209 may have been misaligned
with the first resist pattern 207, then the first 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 openingsof the mask
pattern 208 are expanded to be equal to or larger than the
openings for forming wiring grooves and contact holes as
describedin 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-etched 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-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 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 patternedfirst organic film 203A
exposed inside the contact holes 210 and on the wall faces
ofthe patterned second organic film 205A exposedinside 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 CMPtechnique, for example. As a result, second metal
interconnects 214 and contacts 215 are formed out ofthe
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 interconnects 214

through the same process steps as those described above.

EMBODIMENT3

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

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 first organic-containing silicon
dioxide film 303 (first insulating film), containing an organic
componentin silicon dioxide, is formed to be 1 gamthick, 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 nmthick,
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 SOGfilm 304. And
a titanium nitride film 306 is formedto 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-dielectric-constant SOG film 304
wilh 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, 1Le., a film etched at 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. Thereafter, the
titanium nitride film 306 is dry-etched using the first resist
pattern 307 as a mask, thereby forming a mask pattern 308
out ofthe 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 secondresist 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 film 305, the
low-dielectric-constant SOGfilm 304 andthe 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 anda patternedfirst organic-containingsilicon dioxide
film 303A having contact holes 310 are formed as shown in
FIG, 13(6).

Next, as shown in FIG, 13(c), the second resist pattern
309 is removedandthe patterned 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 SOGfilm 304A is dry-etched using the
mask pattern 308 and the patterned second organic-
containing silicon dioxide film 305A having the openings for
wiring grooves as a mask, thereby forming the wiring
grooves 311. In forming the wiring grooves 311, byselecting
such etching conditions that the first organic-containing
silicon dioxide film 303A is etched at a rate sufficiently
lower than that of the low-dielectric-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 secondresist pattern 309 may have been misaligned ;
with the first resist pattern 307, the mask pattern 308 should
be dry-etched using the second resist pattern 309 as a mask
before the second organic-containing silicon dioxide film
305 is dry-etched using the second resist pattern 309 as a
mask. That is to say, if the mask pattern 308 is partially
exposed inside the openings ofthe secondresist pattern 309
for forming contact holes because of the misalignmentofthe
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 are expandedto 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(6), an adhesion layer 312,
made of titaniumnitride, is deposited to be 50 nmthick, for
example, on the wall faces of the contact holes 310 and the
wiring grooves 311. Thereafter, 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
embodiment, the metal film 313 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 313 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputtering
may be employed.

Finally, as shownin 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 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, because the second organic-containingsili-
con dioxide film 305 exists on the low-dielectric-constant
SOG film 304,

Also, in this embodiment, afler 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 of the patterned low-dielectric-
constant SOG film 304A, which are exposed inside the
openings for forming contact holes, are exposed to oxygen
plasma and damaged. However, the damagedlayer, 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-dielectric-constant SOGfilm 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—H bonds thereof 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
if an HSQ film is usedas an interlevel insulating film, the
deterioration in reliability and performance of the device can
be avoided.

MODIFIED EXAMPLE OF EMBODIMENT3

Next, an exemplary method for forming an interconnec-
tion structure according to a modified example of the third
embodimentofthe present invention will be described with
reference to FIGS. 15(@) through 15(c), FIGS. 16(@) through

s 16(e) and FIGS. 17(a@) through 17(c).
First, as shown in FIG, 15(@), 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 etching
processstep. Thereafter, a first silicon dioxide film 353 (first
insulating film) is formed to be 1 sem thick, for example, on
the silicon nitride film 352. Next, an organic film 354
(second insulating film) is deposited to 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 336 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 reactive gas mainly composed of phenyltrimethoxy
silane.

It should be noted that a thin film showing high etch
selectivity with respect tothe first and secondsilicon dioxide
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 FIG. 15(4), a first resist pattern 357,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 356. ‘Thereafter, the
titaniumnitride 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 FIG. 15(c).

Subsequently, as shown in FIG. 16(a), the first resist
pattern 357 is removedandthen a secondresist 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(5). In this
case, the secondresist pattern 359 is removed during the step
of etching the organic film 354.

Next, as shown in FIG. 16(c), the first silicon dioxide film
353 is dry-etched using the patterned secondsilicon 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 patterned second
silicon dioxide film 355A. Accordingly, openings for form-
ing wiring grooves are formed in the patterned second
silicon dioxide film 355A.

Thereafter, as shown in FIG. 16(d), the patterned organic ;
film 354A 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 353A, Accordingly, the depth of the wiring grooves 362
can be determined univalently at the sum of ithe thicknesses
of the second silicon dioxide film 355 and the organic film
354.

If the secondresist 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-
etched using the secondresist pattern 359 as a mask. Thatis
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io say, if the mask pattern 358 is partially exposed inside the
openings of the secondresist 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-etched using the secondresist 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-ctehed
using the patterned first silicon dioxide film 353A. as a mask,
thereby forming a patterned silicon nitride film 352A and
exposing thefirst metal interconnects 351 within the contact
holes 361 as shownin FIG. 17(q@).

Then, as shown in FIG. 17(b), an adhesion layer 363,
made of titaniumnitride, is deposited to be 50 nmthick, 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
embodiment, the metal film 364 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 364 may be deposited by any
arbitrary technique. For instance, plating, CVD or sputtering
may be employed.

Finally, as shown in FIG. 17(e), 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 oxygen
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 is no need to
ash and remove the secondresist 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(@) through 18(c), FIGS, 19(@) 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 ym thick, for example, on the silicon nitride

s film 402. Next, an organic-containing silicon dioxide film
404 (secondinsulating film), containing an organic compo-
nent in silicon dioxide, is deposited to be 50 nm thick, for
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example, on the first low-dielectric-constant SOG film 403.
Then, a second 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-containingsilicon
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 bondedtoa silicon atomIs introduced
into silicon dioxide, can be obtained.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second low-dielectric-
constant SOGfilms 403 and 405 and the organic-containing
silicon dioxide film 404, 1.c., a film etched at a sufficiently
low rate (e.g., silicon nitride film), may be used instead of
the titaniumnitride film 406.

Next, as shown in FIG. 18(5), a first resist pattern 407,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 406. ‘Thereafter, the
titaniumnitride 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 shownin 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 secondresist pattern 409 as a mask, thereby
forming a patterned second low-diclectric-constant SOG
film 405A anda patterned organic-containing silicon dioxide
film 404A as shown in FIG. 19(q).

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
$OG film 405A and the first low-dielectric-constant SOG

film 403, which are exposed inside the openings for forming
contact holes, as shown in FIG. 19(4).

Then, the patterned second low-dielectric-constant SOG
film 405A is dry-ctched 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 ;
FIG, 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.
1%c¢). By performing this dry-etching process step, the
damaged layer 410 can be removed from the patterned
second low-dielectric-constant SOG films 405A and thefirst
low-dielectric-constant SOG film 403.

Subsequently, the silicon nitride film 402 is dry-eiched
using the patterned organic-containing silicon dioxide film
404A 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, Thereafter, a metal film 414is 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 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 FIG, 20(c), respective portions of the
adhesion layer 413, the metal film 414 and the mask pattern
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-
necis 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 secondresist

patterns 407 and 409 are ashed and removed with oxygen
plasma, a damaged layer 410 is formed in the first low-
dielectric-constant SOGfilm 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
SOGfilms 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 bondsthereof
are oxidized and the content of water and the relative
dielectric constant thereof both increase to deteriorate the

reliability and performance ofthe 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
secondlow-diclectric-constant SOGfilm 405A, in which the

wiring grooves 412 have already been formed, are nol
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.

 

EMBODIMENT5

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(c) 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
(secondinsulating 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, onthe first silicon dioxide film 504.
Next, a secondsilicon 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 secondsilicon 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 polytetrafluoroethylenc, oxygen-
containing, polytetrafluoroethylene, polyimide fluoride 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 306, i-e., a thin film etched al 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(), 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,

ra o

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 shownin FIG. 22(5), a secondresist pattern 510,
having openings for forming contact holes, is formed by
lithography on the mask pattern 509. Thereafter, the second
silicon dioxide film 506 is dry-ctched using the second resist
pattern 510 and the mask pattern 509 as a mask, thereby
forming a patterned secondsilicon dioxide film 506A having
openings for forming contact holes as shown in FIG. 22(c).

Next, the second organic 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 openingsfor forming contact holes as shown in FIG. 5
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 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 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 notedthat part of the secondresist pattern 510
may be left in the process step of dry-ctching the second
organic film 505, This is because the residual secondresist
pattern 510 can be removed during a subsequent process
step of dry-etching the first organic film 503 (see FIG.
23(c)).

Thereafter, the patterned secondsilicon dioxide film 506A
andthe first silicon dioxide film 504 are dry-etched using the
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mask pattern 509 and the patterned second organic film
505A as respective masks, thereby forming a patterned
secondsilicon dioxide film 506B having openings for form-
ing Wiring grooves and a patternedfirst silicon dioxide film
504A having openings for forming contact holes as shown in
FIG. 23(6).

Then, the patterned second organic film 505Aandthefirst
organic film 503 are dry-etched 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 patternedfirst 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 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. Thereafter, a metal film is deposited over the entire
surface of the substrate to completely fill in the contact holes
312 and the wiring grooves 311. In this embodiment, the
metal film may be madeofany 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 509, which are deposited on the patterned second
silicon dioxide film 506B, are removed by a CMPtechnique,
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 shownin FIG.
23(d).

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 513

through the same process steps as those described above.
In the fifth embodiment, while the first resist pattern 508

1s being removed by oxygen plasma, for example, the
quality of the secondorganicfilm 505 does not degrade. This
is because the second silicon dioxide film 506 exists on the

secondorganic film 505, which is likely to be damaged by
oxygen plasma.

Also, in 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 ofthe first organic film 503 from being degraded,

MODIFIED EXAMPLE OF EMBODIMENT5

Next, a method for forming an interconnection structure
5 according to a modified example of the fifth embodiment

will be described with reference to FIGS. 24(a) through
24(c), FIGS. 25(a) through 25(c), FIGS. 26(@) through
26(d), FIGS. 27(@) and 27(b), FIGS. 28(@) and 28(b) and
FIGS. 29(a) and 29(b).

First, as shown in FIG. 24(@), a silicon nitride film 552 is
formed over first metal interconnects 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

5 process step. Thereafter, a first organic film 553 (first insu-
lating film), mainly composedof an organic component, is
deposited to be 400 nmthick, for example, on the silicon
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nitride film 552. Then, a first silicon dioxide film 554
(second insulating film) is formed to be 100 om 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, onthefirst 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. Andatitanium 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 secondsilicon dioxide films 554 and 556 may
be used instead of the titanium nitride film 557.

Next, as shown in FIG. 24(4), a first resist pattern 558,
having openings for forming wiring grooves, is formed on
the titanium nitride film 557. Thereafter, the titanium nitride
film 557 is dry-etched using thefirst resist pattern 558 as a
mask, thereby forming a mask pattern 559, having openings
for forming wiring grooves, out ofthe 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 for forming contact holes, is formed
on the mask pattern 559 as shown in FIG. 25(5). in this
modified example of the fifth embodiment, the sizes of the
openingsofthe secondresist 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-ctched
using the secondresist pattern 560 and the mask pattern 559
as a mask, thereby forming a patterned secondsilicon
dioxide film 556A having openings for forming contact
holes as shown in FIGS. 23(c) and 27().

As described above, 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. Accordingly, even if the open-
ings 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 ofthe pat-
terned secondsilicon dioxide film 536A 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 openingsofthe patterned secondsilicon dioxide
film 556A for forming contact holes are formedin respective
regions where the openings of the secondresist 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 secondresist
pattern 560 for forming contact holes is also extendedin 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

(see FIG. 26(d)) expands. As a result, the contacts 564 can
connectthe 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 555A
having openings for forming contact holes as shown in
FIGS. 26(2) and 28(a). In this case, the second organic film
555 and the second resist pattern 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 secondresist pattern 560 is also
removed simultaneously, It should be noted that part of the
secondresist pattern 560 maybe 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 of dry-etching the first organic film
553 (see FIG. 26(c)).

Thereafter, the patterned secondsilicon dioxide film 556A
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
secondsilicon dioxide film 556B having wiring grooves and
a patternedfirst silicon dioxide film 554A having openings
for forming contact holes as shown in FIGS. 26(b) and
28(), Then, the patterned second organic film 555A is
dry-etched using the mask pattern 559 and the patterned
second silicon dioxide film 556B as a mask, and the first
organic film 553 is dry-etched using the patterned first
silicon dioxide film 554A as a mask, thereby forming a
patterned secondorganic 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(@).

Subsequently, the silicon nitride film 552 is dry-etched
using the patternedfirst silicon dioxide film 554A as a mask,
thereby forming a patterned silicon nitride film 552A (see
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 of 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. Thereafter, a metal film is
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 film and the mask pattern 559, which are deposited on
the patterned secondsilicon dioxide film 556B, are removed
by a CMPtechnique, 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 FIGS. 26(d) and 29(b).

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 563

through the same process steps as those described above.

According to this modified example of the fifth
embodiment, the sizes of the openings ofthe secondresist
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 openingsofthe
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
secondsilicon 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 openingsof the patterned secondsilicon dioxide

s 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 pattern 559 for forming wiring grooves.
Accordingly, the connection between the contacts 564 and
the second metal interconnects 563 is ensured.

Tn addition, the size of the openings of the second resist
pattern 560for 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 connectthefirst
and second metal interconnects 551 and 563 together with a
lot 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 pattern 560 for
forming contact holes in this modified example of the filth
embodiment. As shown in FIG. 36, the size of the openings
of the secondresist pattern 560 for forming contact holes are
larger than the designedsize.

FIG. 37(a) illustrates respective positional relationships
between the mask pattern 559 and the secondresist 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
359 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 section of
the upper part taken along the line A—A.Andthe lowerpart
of 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 secondresist pattern
510 and betweena first metal interconnect 501 and a contact

514 in the fifth embodiment. Specifically, the upper part of
FIG. 37(6) illustrates a positional relationship between an
opening of the mask pattern 509 for forming a wiring groove
and an associated opening of the secondresist pattern 510
for forming a contact hole. The middle part of FIG. 37(6)
illustrates the cross section of the upper part taken along the
line B—B. And the lower part of FIG. 37(5) illustrates a
positional relationship between a first metal interconnect
501 and an associated contact 514.

Setting the size of an opening ofthe second resist pattern
510 for forming a contact hole at the designed size thereof
as in the fifth embodiment, if the opening of the secondresist
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 area (indicated by
hatching) between the contact 514 and the first metal inter-
connect 501 greatly decreases as can be seen from FIG. -
37(b). In contrast, setting the size of an opening of the
second resist pattern 560 for forming a contact hole larger
than the designedsize thereofas 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 andthe first metal inter-
connect 551 does not decrease so much as can be seen from

FIG, 37(a).
EMBODIMENT6

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(@) through 30(c), FIGS. 31(@) through 31(c) and FIGS.
32(a) through 32(c).
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First, as shown in FIG, 30(@), 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, 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 thefirst 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
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 ofperfluo-
rodecalin, Also, hydrocarbon films or fluorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CVI, 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 ether.

Thesilicon dioxide film 604 may also be deposited by any
arbitrary technique. For example, the film 604 may be
deposited by a plasma CVDprocess.

It should be noted that a thin film showing high etch
selectivity with respect to the first and second organic films
603 and 605 and the silicon dioxide film 604, i.c., a thin film

etched at a sufficiently low rate (e.g., silicon nitride film),
may be used insteadof the titanium nitride film 606.

Next, as shown in FIG. 30(4), a first resist pattern 607,
having openings for forming wiring grooves, is formed by
lithographyon the titanium nitridefilm 606, Thereafter, the
titanium nitride film 606 is dry-ctched 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(@), 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 not degrade.

Then, as shown in FIG. 31(/), 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
forming contact holes as shown in FIG, 31(c). In this case,
the second organic film 605 and the secondresist 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 resist
pattern 609 is also removed simultaneously.

It should be notedthat part of the secondresist pattern 609
may be left in the process step of dry-etching the second
organic film 605. This is because the residual secondresist
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-etched
using the patterned second organic film 605A as a mask,
thereby forming a patterned silicon dioxide film 604A
having openings for forming contact holes as shown in FIG,
32(a).

Then, the patterned second organic film 605A andthe first
organic film 603 are dry-etched using the mask pattern 608
and the patterned silicon dioxide film 604A as respective
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 shownin FIG,
32(b).

Subsequently, the patterned silicon dioxide film 604A and
the silicon nitride film 602 are dry-etched 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
patternedsilicon 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 titaniumnitride, 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 ofthe 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 605B, are removed by a CMPtechnique, 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 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 contact holes 611, are formed by
a Single dry-etching 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. 5
Accordingly, a dual damascenestructure can be formed with
the increase in number ofprocess steps suppressed.

Also, in the sixth embodiment, since thefirst 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 functions as an etch 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 EMBODIMENT6

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(@) through
33(c), FIGS. 34(a) through 34(c) and FIGS. 35(@) through
35(c).
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First, as shown in FIG, 33(@), a silicon nitride film 652 is
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
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 ofperfluo-
rodecalin, Also, hydrocarbon films or fluorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CVI, 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 ether.

Thesilicon dioxide film 654 may also be deposited by any
arbitrary technique. For example, the film 654 may be
deposited by a plasma CVDprocess.

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

etched 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(4), a first resist pattern 657,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitridefilm 656, Thereafter, the
titanium nitride film 656 is dry-ctched using the first resist
pattern 657 as a mask, thereby forming a mask pattern 638,
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 not 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 ofthe sixth embodiment, the sizes of the openings
of the secondresist pattern 659 for forming contact holes are
set larger than designedsizes of the contact holes in respec-
tive directions vertical and parallel to the wiring grooves for
forming second metal interconnects. The reason thereofwill
be described later.

Next, the second organic film 655 is dry-etched using the
second resist pattern 659 and the mask pattern 658 as a
mask, thereby forming a patterned second organicfilm 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 pattern 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-
etching the second organic film 655. This is because the
residual second resist pattern 659 can be removed during a
subsequent process step of dry-etching the first organic film
653 (sce 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
FIG. 35(a).

Then, the patterned second organic film 655A andthe first
organic film 653 are dry-etched using the mask pattern 658
and the patterned silicon dioxide film 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-etched using the mask
pattern 658 and the patterned first organic film 653A as
respective masks, thereby forming a patterned silicon diox-
ide film 654B having wiring grooves (see FIG, 35(c)) and a
patternedsilicon nitnde 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 oftitanium 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 ofthe substrate to completely fill in the contact holes
661 and the wiring grooves 660. In this embodiment, the
metal film may be madeof 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 658, which are deposited on the patterned second
organic film 655B, are removed by a CMPtechnique, for
example. As a resull, second metal interconnects 662 and
contacts 663, connecting the first and second metal inter-
connects 631 and 662 together, are formed as shownin 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
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 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 secondresist
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 witha lot
more certainty.

Whatis claimedis:

1. 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 pattern out of the thin
film to have the openings for forming wiring grooves;

g) forming a secondresist 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
secondresist 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 secondresist 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 andthat the first and third insulating
films are etchedat 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 conditionsthat 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 ofclaim 1, further comprising the step of
forming a metal adhesion layer over part of the third
insulating film exposed inside the wiring grooves andpart of
the first insulating film exposed inside the contact holes

s between the steps j) and k).
3. The method ofclaim 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 c) includes
forming the third insulating film by a CVD process using a
reactive gas containing perfluorodecalin.

§. The method of claim 3, wherein thefirst 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 andpart ofthe 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 claim 3, wherein the step a) includes
forming the first insulating film by a CVDprocess 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;

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

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

i) dry-etching the second insulating film using thefirst and
secondresist patterns as a mask under such conditions
that the secondinsulating film is etchedat 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 andfirst insulating films using the

mask pattern and the patterned second insulating film
as respective masks under such conditionsthatthe first
and third insulating films are etched at a relatively high
rate and that the mask pattern and the secondinsulating
film are etchedat 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, whereinthe third insulatingfilm
is a low-dielectric-constant SOG film with a siloxane skel-
eton,
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10. 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 ofthe 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 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;
{) 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 open-
ings for forming contact holes;

}) 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-etching 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 groovesin the patterned fourth
insulating film and patterning the second insulating
film to have the openings for forming contact holes;

|) dry-etching the patterned third insulating film and the
first insulating film using the mask pattern and the
patterned secondinsulating film as respective masks,
thereby forming the wiring grooves and the contact
holes in the patterned third insulating film and thefirst
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 claim 10, wherein a size of the

openings of the second resist pattern for forming contact
holes is larger than a designedsize of the contact holes ina
direction vertical to a direction in which the upper-level
metal 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;

c) 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;

e) forminga 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
secondresist 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-etching 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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}) dry-etching the patterned third insulating film andthe
first insulating film using the mask pattern and the
patterned secondinsulating film as respective masks,
thereby forming wiring grooves and contact holes in
the patternedthird insulating film and thefirst insulat-
ing film, respectively; and

k) filling in the wiring grooves andthe contact holes with
a metal 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.
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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 number 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 theline-to-line capacitance.

In other words, to 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 interconnects. A copper material has a
specific resistance about two-thirds as high as that of an

aluminum alloy material. Accordingly, in accordance with
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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 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
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 in-

crease. 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 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 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
heretofore been used as a typical material for an interlevel
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insulating film. Therelative dielectric constant of a sili-

con dioxide film is, however, about 4 to about 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 hygroscopic, ‘and easily 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

introduced into the film. As a result, the relative dielec-
tric constant of the fluorine-doped silicon dioxide film. ad-

versely increasés, 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 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 thereon as an adhesion layer, to form a TiF film,

which easily peels off.

An HSQ (hydrogen silsesquioxane) film, composed of Si, 0

and H atoms, is an exemplary low-dielectric-constant SOG

film. In the HSOQ 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 metal interconnects and the HSQ. film to improve the
adhesion therebetween. However, in such a case, if 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. This is because

the CVD oxide film with a high dielectric constant exists be-
tween 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 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 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 film as an etch 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 to

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 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 object of the present invention is providing a method
for forming an interconnection 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-level metal inter-

connects; b) forming a second insulating film, having a dif-

ferent 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 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 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,

67]
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having a plurality of openings for forming contact holes, on

the third insulating film; h) dry-etching the third insulat-
ing film under such conditions that the third 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 rate, thereby patterning 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 areetched 7 a relatively 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 pattern and the patterned second insu-

lating film as respective masks under such conditions that

the first and third insulating films are etched at a rela-

tively high rateand that the mask pattern and the second in-

sulating 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, there-

by forming upper-level metal interconnects and contacts con-

7H
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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 a relatively high rate and that the sec-
ond 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). Accord-

ingly, it is not necessary to perform the step of ashing and

removing the first and second 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 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 insulating 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 be equalized with the thickness of the third insu-
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

j)- -

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 j) and

k).

In such an embodiment, the adhesion between the upper-

level metal interconnects and 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 such an embodiment, the conditions employed in the

step h), i.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 rela-

tively low rate, are realized with much more certainty.

LTreeaconarma
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In this embodiment, the step c) preferably includes

forming the third insulating film by a CVD process using 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 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 cer-
tainty. At the same time, the conditions employed in the

step j), i.e., 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 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).
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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 “insulating film is

mainly composed of an organic component, the step a) prefera-

bly includes forming the first insulating film by a CVD proc-

ess using a reactive gas containing perf luorodecalin.
In such a case, a film mainly composed 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 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 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 pattern as a mask, thereby forming a

mask pattern out of the thinfilm 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 is

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 contact holes;
i) dry-etching 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 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 second resist patterns; k) 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 fifst insulating films, respectively; and 1) filling

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

12 \"s
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thereby forming upper-level 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 is 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 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

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 wiring .grooves » and ‘contact holes in the third and
first insulating films, respectively. Accordingly, low-

dielectric-constant insulating films, which would otherwise

be damaged easily by oxygen plasma, can be used as the first

and third insulating 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.

FranAORNETARTE
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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 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 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 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 sec-

ond 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 pat-

terning the fourth insulating film to have the openings for
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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-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, thereby forming wiring grooves in
the patterned fourth insulating film and patterning the sec-

ond 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 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 métal film, thereby forming upper-level

metal interconnects and contacts connecting the lower- and up-

per-level metal interconnects 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). Accord-
ingly, even if the first resist pattern is removed by oxygen
plasma, the third insulating film is not damaged. Also, the

second insulating film exists on the first insulating film

during dry-etching the third insulating film in the step }).
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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 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 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 interconnects extend.

In such an embodiment, even if the openings of the second

resist pattern for. forming contact holes have misaligned with

the openings of 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-

16 7a t
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gions 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 in-

terconnects is ensured.

A fourth 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 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 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 first 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 mask 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

i
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‘ing the patterned third insulating film as a mask,

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

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 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 forming up-

per-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

Accord-dry-etching the third insulating film in the step h).

ingly, the first insulating film is not damaged. fThus, 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. Asa 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

nenn
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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 pattern 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 interconnects extend.

In such an embodiment, even if the openings of the second

resist pattern for forming contact holes have misaligned with

the openings 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 grooves. 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 forming wiring grooves. AS a result, the’ connec-

tion between the contacts and the upper-level metal intercon-
nects is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1(a) through 1(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 il-

lustrating respective process steps for 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) through 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 problems caused by the misalignment of the
second resist pattern during the process of forming the in-
terconnection structure of the first embodiment.

Figures 7(a) through 7(c) are cross-sectional views il-

lustrating measures to 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.

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

lustrating the measures to solve the problems caused by the

20“)
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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 process 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 second embodiment.

Figures 12(a) through 12(c) are cross-sectional views

illustrating respective process steps for forming an inter-

connection structure accordingto the third embodiment of the
present invention.

Figures 13(a) through 13(c) are cross-sectional views

illustrating respective process steps for forming the inter-

connection structure ofthe third embodiment.
Figures 14(a) through 14(c) are cross-sectional views

illustrating respective process steps for forming the inter-

connection structure of the third embodiment.

| Figures 15(a) through 15(c) are cross-sectional views

illustrating respective process steps for forming an inter-

Page 89 of 388



        

 

      

       

          

      

       

         

 

      

       

        

  

       

       

     

      

       

      

      

       

        

 

       

 

Page 90 of 388

  10,

15

20

25

connection structure according to a modified example of the

third embodiment.

Figures 16(a) through 16(d) are cross-sectional views

illustrating respective process steps 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 process steps for forming the inter-

connection structure of the modified example of the third em-

bodiment.

Figures 18(a) through 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-

connection structure of the fourth embodiment.

Figures 20(a) through 20(c) are cross-sectional views

illustrating respective process steps for forming the inter-
connection structure of the fourth embodiment.

Figures 21(a) through 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

12ener,
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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-sectional views

illustrating respective process steps for forming the inter-

connectionstructure in the modified example of the fifth em-

bodiment.

Figures 26(a) through 26(d) are cross-sectional views

illustrating respective process steps for forming the inter-

connection structure in the modified 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 the modified example of the fifth embodiment.

Figures 28(a). and 28(b) 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

1
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‘structure in the modified example of the fifth embodiment.

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-sectional views

illustrating respective process steps for forming the inter-

connection structure of the sixth embodiment.

Figures 32(a) through 32(c) are cross-sectional views

illustrating respective process steps for forming the inter-

connection structure of the sixth embodiment.

Figures 33(a) through 33(c) are cross-sectional views

illustrating respective process steps for forming an inter-

connection structure according to a modified example of the

sixth embodiment.

Figures 34(a). through 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

a
CL ° a
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wiring grooves and the openings 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 |
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 Figures

l(a) through 1(c), Figures 2(a) through 2(c) and Figures 3(a)

through 3(c). |
First, as shown in Figure 1(a), a silicon nitride film

102 is formed over first metal interconnects 101 formed on a

semiconductor substrate 100. The silicon nitride film 102 is

formed to be-.50 nm thick, for example, and used to protect

the first metal intergonnects 101 during a subsequent etching
process step. Thereafter, a first organic film 103 (first in-

25-7) Cw
ce
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sulating film), mainly composed of an organic component, is

formed to be 14m 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 first organic film 103. fThen, 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 perfluorodecalin.

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 103 and 105.

Moreover, the first organic film 103 may be deposited by

a plasma CVD process using a reactive gas mainly composed of

perfluorodecalin and organic silane such as hexamethyl disi-

loxane, 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

+Reece
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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 bondedto a

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

tained.

It should be noted that a thin film showing high etch

selectivity with respect to the first and second organic
films 103 and 105 and the organic-containing silicon dioxide

10 film 104, i.e., a film etched at a sufficiently low rate

(e.g., Silicon nitride film), may be used instead of the ti-

tanium 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 mask, thereby forming a mask pattern 108 out

of the titanium nitride film 106 as shown in Figure l(c).

Subsequently, a second resist pattern 109, having open-

20 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 Figure 2(a).

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

Z

27OKA, we

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

of organic components, the second organic film 105 is etched

at a substantially equal rate to that of the first and second

resist patterns 107 and 109. fThus, 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 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 pattern 109 can be removed during a subsequent process
step of forming wiring grooves 111 in the patterned second

organic film 105A (see Figure 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 Figure 2(b). In 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 patterned second organic 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

ne te fen reneemnnpeemenntemmcnnimnntntenn
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105A as shown in Figure 2(c). 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 patterned 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 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 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 deposited

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, copper, 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 deposited on the patterned second: organic

film 105A, are removed by a CMP technique, for example. As a

oe EYRE
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result, second metal interconnects 114 and contacts 115, con-
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 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 105is 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

30 oD
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say, it is possible to prevent the second organic film 105
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

5 an interlevel insulating film, an ordinary resist application
process is applicable to this embodiment.

Moreover, the wiring grooves 111 are formed by dry-

etching the patterned second organic film 105A using the mask

pattern 108 as a mask and using the patterned organic-

10 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 105. That is to say,

the depth of the wiring grooves 111 can be defined by self-

alignment.

 
15 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 de-
scribed. |

First, it will be described with reference to Figures

20 4(a) through 4(c), Figures 5(a) through 5(c) and Figures 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

25 metal interconnects 101 formed on a semiconductor substrate

SPDTTRRet
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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 105, 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 nitridefilm 106 as shown in Figure 4(c).

Subsequently, 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 be seen if Figures 5(a) and 1(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

forming a patterned second organic film 105A having the open-

° SEUASUGTMRISUURARRRAUA
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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 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. 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 104A having the openings for forming contact

holes as shown in Figure 5(c).

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 Figure 6(a). 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 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 patterned 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 titanium nitride,

5 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 filmand 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 interconnects 101

and 112 cannot be connected to each other, resulting in a
contact failure. |

Next, it will be described with reference to Figures 7(a)

through 7(c) and Figures | 8 (a) through 8(c) what measures
20 should be taken to solve the problems caused by the misalign-

ment of the second resist pattern 109.

First, a second resistpattern 109, having openings for

forming contact holes, is formed through the same process

steps as those described with reference to Figures 4(a)

25 through 4(c) and Figure 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 expanded 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 mask pat-
tern 108.

Then, the second organic 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, 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 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 successfully

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 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 Figure 8(a). 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 patterned first organic film 103A having the contact

holes 110 as shown in Figure 8(a). Subsequently, the silicon

nitride film 102 is dry-etched using the patterned organic-

containing Silicon dioxide film 104A as a mask, thereby form-

ing a patterned Silicon nitride film 102A and exposing the

first metal interconnects 101 within the contact holes 110 as _
shown in Figure 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 holes 110 and the wiring grooves 111.

Thereafter, a metal film is deposited overthe 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 re-
moved 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

Figure 8(c).

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 11(a)

through 11(c).

First, as shown in Figure 9(a), a silicon nitride film

202 is formed to be 50 nm thick, for example, over first

metal interconnects 201 formed on a semiconductor substrate

200. Thereafter, a first organic film 203 (first insulating
film), mainly composed of an organic component, is formed to

be lum 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-

a7 oY
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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.

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 perfluorodecalin.
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 us-

ing 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.e., a film etched at a sufficiently low rate

(e.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 openings for forming wiring grooves, is formed by
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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 Figure 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 Figure

10(a). In this case, since the second organic film 205 and

the first and second resistpatterns 207 and 209 are all main-

ly composed of organic components, the second organic film 205

is etched ata rate substantially equal to that of the first

and secondresist 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 mis-

aligned with the first resist pattern 207, then the first re-
sist 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 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 grooves and

399 LAA
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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 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 interconnects 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 onthe wall faces of

“Page 108 of388. oe Oe
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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 contact holes 210 and the wiring grooves 211. In this em-

bodiment, 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 Figure 11(c), respective portions

of the metal film 213 and the mask pattern 208, which are 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 noted 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), Figures 13(a) through 13(c) and Figures 14(a)
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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 metal interconnects 301 during a subsequent etching»
process step. Thereafter, a first organic-containing Silicon

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

ganic component in silicon dioxide, is formed to be lum 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 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-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 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-

1epeecencetieg
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dielectric-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, i.e., a. film etched at a

sufficiently low rate (e.g., Silicon nitride film), may be
used instead of the titanium nitride film 306.

Next, as shown in Figure 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 forming 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 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 film 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-dielectric-constant SOG film 304A

and a patterned first organic-containing silicon dioxide film

303A having contact holes 310 are formed as shown in Figure

Page111 of 388
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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-

5S tern 308 as a mask, thereby forming openings for forming wir-

ing grooves in the patterned second organic-containing silicon

dioxide film 305A. Thereafter, the patterned low-dielectric-

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

first organic-containing silicon dioxide film 303A is etched
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-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
20 low-dielectric-constant 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 pattern 309

as a mask before the second organic-containing silicon diox-

25 ide film 305 is dry-etched using the second resist pattern

|. Page 112 of388 Be ee



             

        

         

          

          

           

           

        

        

      

          

         

         

          

           

           

         

          

            

          

       

          

         

         

 

Page 113 of 388

ar

Fie
zi:

 
10

15

20

25

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 mask 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 faces of the contact holes 310 and the
wiring grooves 311. Thereafter, 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 alloy thereof may be used. Also, the

metal film 313 may be deposited by any arbitrary technique.

For instance, plating, CVD or sputtering may be employed.
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Finally, as shown in Figure 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 tthat 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, because the second organic-containing silicon dioxide
film 305 exists on the low-dielectric-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 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} po
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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 low-dielectric-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-H bonds 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 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 interconnection

structure according to a modified example of the third em-

bodiment of the present invention will 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).
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First, as shown in Figure 15(a), a silicon nitride film

352 is formed over first metal interconnects 351 formed. on a
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 etching

process step. 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,

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 353 and 355

“may be deposited by any arbitrary technique. For example,

these films 353 and 355 May be deposited by a CVD process us-

ing 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 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 Figure 15(b), a first resist pattern

357, having openings for forming wiring grooves, is formed by

+1 recepnremeneremuaneyenn ameter +00
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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 pattern358 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 silicon 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, as shown in Figure 16(c), the first Silicon dioxide

film 353 is dry-etched using the patterned second silicon di-
oxide 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 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-

ems f 7 :49 \ CL
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ganic film 354A 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 di-

oxide film 353A is etched at a rate sufficiently lower 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 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 sec-

ond resist pattern 359 with the first resist pattern 357,

then the mask pattern 358 is dry-etched using the second re-

sist 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-etched

50 .A.- |
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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).

‘Then, 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 any 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 deposited’ by any arbitrary technique.
For instance, plating, CVD or sputtering may be employed.

Finally, as shown in Figure 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 intercon-

nects 351 and 365, are formed out of the metal film 364.

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 365

SI
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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
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 or-

ganic film 354 are dry-etched using the second: resist pattern

359 as a mask. Accordingly, since there is 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 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(a) through 19(c) and Figures 20(a)

through 20(c).

First, as shown in Figure 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

1 LARDenarRAOS 1
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SOG film 403 (first insulating film), having a_ siloxane

Skeleton, is formed to be 14m thick, for example, on the

Silicon nitride film 402. Next, an organic~containing sili-

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

organic component in silicon dioxide, is deposited to be 50 nm

thick, for example, on the first low-dielectric-constant SOG

film 403. Then, a second low-dielectric-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-dielectric-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 de-

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 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

© opemiesrusomengomnmmaryte par
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sufficiently low rate (e.g., 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. Thereafter, 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 resist 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 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 pat-

terned second low-dielectric-constant SOG film 405A and a pat-

terned organic-containing silicon dioxide film 404A as shown

in Figure 19(a).°

Next, the first and second resist patterns 407 and 409

are ashed and removed with oxygen plasma. As a result, a dam-
aged layer 410 is unintentionally formed in respective por-

tions of the patterned second low-dielectric-constant SOG film

405A and the first low-dielectric-constant SOG film 403, which

are exposed inside the openings for forming contact holes, as

shown in Figure 19(b).
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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. same 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 process step, the damaged layer 410 can be removed

from the patterned 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
404A 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 Figure 20(a).

Then, as shown in Figure 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

wiring grooves 412. Thereafter, 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 em-

bodiment, the metal film 414 may be made of any arbitrary

metal. For example, copper, aluminum, gold, silver, nickel,

1PALOEETw
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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 deposited on the patterned second low-~

dielectric-constant SOG film 405A, are removedby a CMP tech-

nique, for example. 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 second metal interconnects 415
through the same process steps as those described above.

In the fourth embodiment, while the first and second re-
sist 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 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 dielectric
constant thereof 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 oxygen plasma any
more. Thus, even if an HSQ film is used as an interlevel ine
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 described with reference to Figures 21(a)

through 21(c), Figures 22(a) through 22(c) and Figures 23(a)

through 23(d). |

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 interconnects 501 during a subsequent etching
process step. Thereafter, a: first organic film 503 (first

ITUSAADT
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insulating film), mainly composed of an organic component, is

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

tride film 502. Then, a first silicon dioxide film 504 (sec-

ond insulating film) 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

using a reactive gas “mainly composed of perfluorodecalin.
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

polytetrafluoroethylene, oxygen-containing polytetrafluoro-

ethylene, polyimide fluoride or polyaryl ether.

The first and second silicon dioxide films 504 and 506

may also be deposited by any arbitrary technique. For exam-

0SATERTTT, +
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ple, 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.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 Figure 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 re-
moved 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 Figure 22(b), a second resist pattern

510, having openings for forming contact holes, is formed by

lithography on the mask pattern 509. Thereafter, the second

59 f GF)
aiten
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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, thereby form-

ing a patterned second silicon dioxide film 506A having open-

ings for forming contact holes as shown in Figure 22(c).

Next, the second organic 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 forming contact holes as shown in Figure 23(a). In this

case, the second organic film 505 and the second resist pat-

tern 510 are both mainly 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 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 pat-

tern 510 may be left in the process step of dry-etching the

second organic 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)).

Thereafter, 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

LaraVernerammngpa heneversieht
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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 shown in Figure 23(b).

| Then, the patterned second organic film 505A and the fir-
st organic 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 patterned first silicon dioxide film 504A as a mask,

thereby forming a patterned silicon nitride film 502A (see

Figure 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 to be

50 nm thick, for example, on the wall faces of the contact

holes 512 andthe 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, cobalt, tungsten, or

an alloy thereof may be used. Also, the metal film may be de-

posited by any arbitrary technique. For instance, plating,

atsCe
OSme
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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 respective films, inter-
connects and contacts on the second metal interconnects 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 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 likely to be damaged by

oxygen plasma. .

Also, in this embodiment, the first silicon dioxide film

504 functions as an etch stopper during dry-etching the sec-
ond organic film 505. Accordingly, it is possible to 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

62... 0
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according to a modified example of the fifth embodiment 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), Figures 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 interconnects 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 organic 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-

++ PURSEareLILteE
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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 nitride 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. thereafter, 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, as 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, is

formed on the mask pattern 559 as shown in Figure 25(b). in

this modified example of the fifth embodiment, the sizes of

the openings of the second resist pattern 560 for forming con-

tact 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

°7 TEEFOOTE.
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film 556A having openings for forming contact holes as shown

in Figures 25(c) 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 parallel 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 556A for forming contact holes can be
formed to be self-aligned with the openings of the mask pat-
tern 559 for forming wiring 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 second resist pattern 560 for forming con-

tact holes overlap with corresponding openings of the mask
pattern 559 for forming wiring grooves.

In addition, the size 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 sec-
ond metal interconnects. MThus, 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 openings
for forming contact holes as shown in Figures 26(a) and 28(a).
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 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-etching the second or-

ganic film 555. This is because the residual second resist

pattern 560 can be removed during a subsequent process step

of dry-etching the first organic film 553 (see Figure 26(c)).

Thereafter, the patterned second silicon dioxide film
556A and the first silicon dioxide film 554 are dry-etched us-

ing the mask pattern 559 and the patterned second organic film
555A as respective 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 Figures 26(b) and 28(b).

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

etched using the mask pattern 559 and the patterned second

Loge ete camememamnavsemmanmatmtN
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film 553 is dry-etched using the patterned first silicon diox-

ide 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
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 patterned Silicon nitride film 552A (see
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

561 as in the first embodiment. Thereafter, a metal film is

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 film-and the mask pattern 559, which are deposited on

the patterned second silicon dioxide film 556B, 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).

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

connects 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 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 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 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 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 cor-

responding openings of the mask pattern 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 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

~-oepemreparmasmnecanmeena.
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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 lot more cer-

tainty.

Figure 36 illustrates a positional 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 the fifth embodi-

ment. As shown in Figure 36, the size of the openings of the

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 559and the second resist pat-

tern 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 Figure 37(a) illustrates a
positional relationship between an opening of the mask pat-

tern 559 for forming a wiring groove and an associated open-

ing of the second resist pattern 560 for forming a contact

hole. The middle part of Figure 37(a) illustrates the cross
section of the upper part taken izlong the line A-A. And the

lower part of Figure 37(a) illustrates a positional relation-
ship between a first metal interconnect 551 and an associated

contact 564. Figure 37(b) illustrates respective positional

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 Figure 37(b) illustrates a positional relation-

ship 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

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 second resist pat-

tern 510 for forming a .contact hole at the designed size

thereof as in the fifth embodiment, 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 pattern 509 for

forming a wiring groove, then the contact area (indicated by

hatching) between 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 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 wir-

‘ing groove, the contact area (indicated by hatching) between

11NsRARDIN
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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

structure 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 Figure 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, and to protect the
first metal interconnects 601 during a subsequent etching

process step. MThereafter, a first organic film 603 (first

insulating film), mainly composed of an organic component, is

deposited to be 400 nm thick, for 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 (third insulating 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.
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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 fluorine-containing hydrocarbon

films, 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 polytetrafluoro-

ethylene, polyimide fluoride or polyaryl ether.

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

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 shown 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 using the first resist

pattern 607 as a mask, thereby forming a mask pattern 608,

having openings for forming wiring grooves, out of the titani-

otSEPERATEoot
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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 forming contact

holes as shown in Figure 31(c). In this case, the second or-

ganic 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 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 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 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 patterned second organic film 605A and the fir-

st organic film 603 are dry-etched using the mask pattern 608
and the patterned silicon dioxide film 604A as respective

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 Figure 32(b).
Subsequently, the patterned Silicon dioxide film 604A and

the silicon nitride film 602 are dry-etched using the mask

pattern 608 and the patterned first organic film 603A as re-

spective masks, thereby forming a patterned silicon dioxide

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 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,

Page 142 of 388



       

            

        

       

           

         

           

        

         

        

       

        

        

        

         

         

          

        

        

           

          

        

         

   

         

Page 143 of 388

 
10

 

15

 

20 
25

copper, aluminum, gold, silver, nickel, cobalt, tungsten, or

an alloy thereof may be used. Also, the metal film may be de-

posited by any arbitrary technique. For instance, plating, cvp

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 removed by a CMP technique, for example. As a re-

sult, second metal interconnects 612 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 and contacts on the second 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 contactholes 611, are formed by a single
dry-etching process using the mask pattern 608, having the

openings for forming wiringgrooves, 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. 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

 

_ Page 143 of 388 oe a



          

           

      

          

         

           

     

       

         

        

        

          

          

        

           

       

         

        

           

          

          

          

 

Page 144 of 388

 10

15

20

25

pattern 607 is removed by an organic parting agent, for exam-

ple, the quality of the second organic film 605 does not de-

grade:

Furthermore, in this embodiment, the Silicon dioxide
film 604 functions as an etch stopper during dry-etching the

second organic film 605. Accordingly, it is possible 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 structure

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).

First, as shown in Figure 33(a), a silicon nitride film

652 is formed over first metal interconnects 651 formed on a

semiconductor substraté650. 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
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 be 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

bak films, 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 polytetrafluoro- 
15 ethylene, polyimide fluoride or polyaryl ether.

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

20 selectivity with respect to the first and second organic

films 653 and 655 and the silicon 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

Seetinetie e,
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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 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 second metal interconnects. The reason thereof will
be described later.

Next, the second organic film 655 is dry~etched using the

second resist pattern 659 and the mask pattern 658 as a mask,
thereby forming a patterned 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-

fet aramaet
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sist pattern 659 are both mainly composed of organic compo-

nents, the second organic 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 film

655. This is because the residual second resist pattern 659

can be removed during a subsequent process step of dry-

10 etching the first organic film 653 (see Figure 35(b)).

Thereafter, the silicon dioxide film 654 is 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).

 
3

15 Then, the patterned second organic film 655A and the fir-
st organic film 653 are dry-etched using the mask pattern 658
and the patterned ‘silicon dioxide film 654A as respective
masks, thereby forming a patterned second organic film 655B

having wiring grooves 660 and a patterned first organic film
20 653A having contact holes661 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 the patterned first organic film 653A as re-
spective masks, thereby forming a patterned silicon dioxide

25 film 654B having wiring grooves (see Figure 35(c)) and a pat-

-. Fo Setanta, 6.
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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 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, are removedby a CMP technique, for example. As a re-
sult, second metal interconnects 662 and contacts 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 described above.

In this modified example of the sixth embodiment, the

18 OPDAMIENST,
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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 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 contact holes have misaligned

with the openings of the mask pattern 658 for forming wiring

grooves, the openings of the patterned 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 pattern 658 for forming wiring
grooves. Accordingly, the connection between the contacts 663 _
and the second metal interconnects 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 parallel’ to 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 contacts 663 can connect the 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 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 filmusing 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 under such con-

ditions that the third insulating 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

“ODDSatan.
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rate, thereby patterning 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;

1) 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 rate, thereby patterning 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, respectively; 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.

2. The method of Claim 1, further comprising the step of

forming a metal adhesion layer over part of the third insulat-

<1 OT ATMOSRUNESTALS te
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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 steps j) and k).

3. The method of Claim 1, wherein the third insulating ~
film is mainly composed of an,organic 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 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 j) and k).

7. The methodof‘Claim 3, wherein the step a) includes

forming thefirst insulating film by a CVD process using a re-

active gas containing perfluorodecalin.

| ~ 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

84aL
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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 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-etching the second insulating film using the fir-

st 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

1) Mieeno
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the first and second resist patterns 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 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 thethird 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 intercon-

nects 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 s0G film with a siloxane

skeleton.

0. 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
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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 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 sec-

ond resist pattern andthe 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 pat-

terned fourth insulating film as a mask, thereby patterning

the third insulating film to have the openings for forming

te ORGTimeaamete.
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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 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 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 intercon-

nects and contacts connecting the lower- and upper-level metal

interconnects together.

ll. The 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 ina di-

rection vertical to a direction in which the upper-level

metal interconnects extend.

+e ERROR
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13./A method for forming an interconnection structure,

compyvising 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;

dad) 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) 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 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;
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1) dry-etching the 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 insulating film as respective masks, thereby

forming wiring grooves and contact holes in the patterned

third insulating film 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 theopen-
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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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 openings for intercon-

nects. Next, the third insulating 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 is etched at a high rate and that the

first and third insulating films are etched at a low rate to

form the openings forcontact holes in the second insulating

film. Then, the third and first insulating films are masked .

with the mask pattern and the second insulating film, respec-

tively, and dry-etched such that the first and third insulat-

ing 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.

91
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DECLARATION AND POWER OF ATTORNEY ATTORNEY DOCKET NO.

FOR PATENT APPLICATION

As a below namedinventor, I hereby declare that: my residence, post office address andcitizenship are as
stated next to my name;thatI verily believe that I am the original, first and sole inventor (if only one nameis listed
below) ora joint inventor(if plural inventors are named below)ofthe invention entitled:METHODFORFORMING

INTERCONNECTIONSTRUCTURE,the specification of which is attached hereto unless the following box is
checked:

{J The specification wasfiled on
and wasassigned Serial No. _

(if known)

and was amended on
(if applicable)

[herebystate that I have reviewed and understand the contentsof the above-identified specification, including
the claims, as amended by any amendmentreferred 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 anddonotbelieve the same was ever knownor 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 oneyear prior to this application, that the same wasnotin public use or on sale in the United
States of America more than oneyearpriorto 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 mylegal representatives or assigns more than twelve monthspriorto 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 Americapriorto this application by me or my legal representatives or assigns, except
as follows:

[hereby claim foreign priority benefits underTitle 35, United States Code, §119 of any foreign application(s)
for patent or inventor's certificate listed below and checked atright:

Prior Foreign Avalicaton() Priority ClaimedfenerrereUEUTY) penneofMonth/Day/YearFiled)|

10-079371 03/26/1998 x||

No

 
All foreign applications,if any, for any Patentor Inventor's Certificate filed more than 12 months priorto the

filingdate of this application:
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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 thefirst 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 ofthe‘Prior application andthe national or PCT internationalfiling date
of this application:

___Aepltion Set No Souspene, penting sanded 
T hereby 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 J. 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 §. 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. Kaufman (Reg. No. 35,212)

Send Correspondenceto:
SIXBEY, FRIEDMAN, LEEDOM & FERGUSON,P.C.

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102
Telephone: (703) 790-9110

T hereby declare that all statements made herein of my own knowledgeare true andthat al! statements made
on information and belief are believed to be true; and furtherthat these statements were made with the knowledgethat
wiliful 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 statements may jeopardize the validity of the application
of any patent issued thereon.

The undersigned hereby authorize any U.S.attorney or agent named herein to accept and follow instructions
from _MAEDAPATENTOFFICE. as to any action to be taken in the Patent and Trademark Office regardingthis
application without 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 _INVENTOB'S SIGNATURENobuo AOI Lk ta) March 19 5 |
RESIDENCE (City, State & Couniry) CITIZENSHIP
Hyogo, Japan Japan

POST OFFICE ADDRESS (Complete Address including City, State & Country)

1-41-403, Taisha-cho, Nishinomiya-shi, Hyogo662-0867,Japan
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ApplicationAssignment Record

According to the application transmittal letter, an assignmentrecording ownership wasfiled

with this application; however, a copy of this record was notlocated in the originalfile 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 fromarelated application case (if applicable).

Please note that additional charges will apply for this service.

This pageis not part of the official USPTO record. It has been determined that content

identified on this documentis missing from the original file history record.
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OF 463 ©
CERTIFICATE OF MAILING

(hereby certify that this correspondenceis being deposited
with the United States Postal Service with sufficient postage as First

Class Mail in an envelope addressedto:atheoSonywayfor Docket No.: 0819-226
Pee. Mponinatn
Cecilia Campbell

.C. 20231, on 
 
 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENTapplication of ) bee Nobuo AOI )

Serial No. 09/274,114 ) Art Unit 1763 RECEIVED
Filed: March 23, 1999 ): JUL 1 1999
For: METHOD FOR FORMING -—_—s=sés)»

GROUP1700
INTERCONNECTION STRUCTURE) June 23, 1999

TRANSMITTAL OF CERTIFIED PRIORITY DOCUMENT

Honorable Assistant Commissioner for Patents

Washington, D. C. 20231

Sir:

 

Atthe timeoffiling the above-referenced application,a rightofpriority

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 documentto
perfect the claim forpriority.

Acknowledgmentis respectfully requested.

” fe ci] iC'e:,fd & :«J 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

F.\DATA\WP2\CCAMP\0819\226PDOC
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Transaction History Date (1441-08-54
Date information retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

(wp (76S
Docket: 0819-0226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
 

In re PATENTapplication of

 
)

NOBUO AOI )

Serial No. 09/274,114 } Group Art Unit: 1763_,

Filed: March 23, 1999 } Examiner: Unassigned”
For: METHOD FOR FORMING ) oi

)INTERCONNECTION STRUCTURE

Honorable Assistant Commissioner of Patents
23

Washington, D.C. 20231 cS
‘ aSir: been. ot

Transmitted herewith is an Information Disclosure Statement in

the above-identified application.

{ xX] 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 he

treated as such petition and that any necessary fees

associated with 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 he

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)
1.20 (d) (except the Issue Fee) which may be required now

or hereafter, or credit any overpayment,

19-2380. A duplicate copy of this sheet is

and

to Deposit

Account No.

attached.

CERTIFICATE OF MAILING — Respectfully submitted,
| hereby certify that this .correspondenceis being deposited with_£m

the United States Postal Service with
sufficient postage as First Class Mail in
an envelope addressed to: Assistant

Commissioner for Patents, Washington,> im ~331,0nBaA

Page 341 of 388

Eric J. Robinson

Reg. No. 38,285

Sixbey, Friedman, Leedom & Ferguson, P.C.

8180 Greensboro Drive, Suite 800

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

SerialNo.

For: METHOD FOR FORMING

INTERCONNECTION STRUCTURE

Honorable Assistant Commissioner of Patents

‘Washington, D.C. 20231
Sir;

the above-identified application. ©

CX]

[x]

[xX ]

CERTIFICATE OF MAILING
| hereby certify that:

)

09/274,114 )

Filed: March 23, 1999 ) Examiner; Unassigned .
) .

)

Docket: . 0819-0226

Group Art Unit: 1763 
In the event applicant(s) has overlooked.theneed 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 with this petition be charged to Deposit
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 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 eredit any overpayment, to Deposit
Account No. 19-2380. A duplicate copy of this sheet is

attached. , pS

Respectfully submitted,
this 8 oecorrespondenceis being deposited with_£m

the United States Postal Service with
sufficient postage as First Class Mail in

Eric J. Robinson

an envelope addressedto: Assistant Reg- No. 38,285

Commissioner for aeWashington, Sixbey, Friedman, Leedom & Ferguson, P.C.D.C. 20231, on
— OtearMSietno

 

8180 Greensboro Drive, Suite 800
McLean, Virginia 22102
(703) 790-9110

1 . <NgRDSCMNRIEnESEE
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a
-l- Docket: 0819-0226 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 

In re PATENTapplication of )

NOBUO AOI )

Serial No. 09/274,114 ) Group Art Unit: 1763

Filed: 03/23/1999 ) Examiner: Unassigned

For: METHOD FOR FORMING ) _

INTERCONNECTION STRUCTURE ) -
) oy

INFORMATION DISCLOSURE STATEMENT 2
Honorable Assistant Commissioner of Patents , 3
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-1449listing references known to Applicant and requests

that these references be madeof 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) (except the Issue Fee) which may be required now or
hereafter, or credit any overpayment to Deposit Account No.19-2380. A duplicate copy ofthis

sheet is attached.

Respectfully submitted,

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

| hereby certify that this :
correspondenceis being deposited with
the United States Postal Service with
sufficient postage as First Class Mail in
an envelope addressed to: Assistant
Commissioner for Patents, Washington,
D.C. 31,0n a

ACHAT
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-1- | Docket: 0819-0226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 
 

In re PATENTapplication of yo

NOBUO AOI oo)
Serial No. 09/274,114 ) Group Art Unit: 1763

Filed: 03/23/1999 | ) Examiner: Unassigned
For: METHOD FOR FORMING ) oe

INTERCONNECTION STRUCTURE: -) . “py

INFORMATION DISCLOSURE STATEMENT _ r 3 =
Honorable Assistant Commissioner ofPatents _ 3 -
Washington, D.C. 20231
Sir:

- Tmaccordancewith the provisionsof 37 CFR.1.56 and 37 CER.1,971.99, Applicant
submits herewith attached Form PTO-1449listing references known to Applicant and requests
that these references be made of record in the above identified application. Copies of the
referenceslisted 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) (exceptthe Issue Fee) which may be required now or

” hereafter, or credit any overpaymentto Deposit Account No. 19-2380, A duplicate copy ofthis
sheet is attached. . . | |

| | - Respectfully submitted,

| 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.

\ 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 for Patents shington,
D.C, 31,0n aNay

“houfommearera
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Form PTO- 1449 , U.S. Department of Commerce|Atty. Docket No.: Serial No. 09/AT4INY
(Rev. 8-83) Patent and Trademark Office _ ApaQve

INFORMATION DISCLOSURE STATEMENT — Apptsieant:

_ neverat meets " — pee[eeGEme m
U.S. PATENT DOCUMENTS

ee|[meeePatent Number Issue Patentee Fi LingDetDateInitial ear Cif appropee|ozyeeve7_| Dennison et|dennigonetal.|
Mp oet5,110,712 0505/92amSEA

aae||osoowsas|roara.
OSaeeee

OTHER DOCUMENTS (Including Author, Title, Relevant Pages, Date, Place of Publication)
‘ y/o European Search Report dated July 1, 1999LePce| [tromsencetorsanesyt

|exaninertywhJWegbeorrumr|vatecensiseres[0/6/2000
*EXAMINER: Mhitial if citation contidered, whether or not citation is im conformance with MPEP 609; Draw line through citation
if not in conformance and not considered. Include copy of this form with next communicationto applicant.
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= . _ Sheet

Form PTO-1449 . U.S. Department of Commerce|Atty. Docket No.: Serial No.
(Rev. 8-83) Patent and Trademark Office

“A

. 4
, : itws neers meets " reseseary fem“ , "i |

U.S. PATENT DOCUMENTS |tantsweramietal==fetingbtop.)Initial _ Date Cif _approp.)

ee eeee P|ek
poet

 

 

 
 
 

 
  

FOREIGN PATENT DOCUMENTS

Yesssee
PLowasdt oso|eePT
pop

neeeesee
Po

Date Considered:

f*EXAMINER: Initial if citation considered, whéther or/no: citation is inconformance with MPEP 609; Draw line through citation
if not in conformance and not_considered. Include copy’of this formwithnextgofmunication to applicant.

SS

a,SY

_ Examiner
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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 informationis available.

Document Date- 1999-08-09

DocumentTitle - List of References cited by applicant and considered by examiner

Page(s)- 2of2

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-patentliterature documents missing from theoriginalfile history record obtained from

the United States Patent and Trademark Office. Upon your request wewill attempt to obtain these

documents from alternative resources. Please note that additional chargeswill apply for this service.

This page is not part of the official USPTO record. It has been determined that content
identified on this documentis missing from the original file history record.
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Transaction History Date 2000-62:
Date information retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

wa

 \

y certify that this correspondenceis being S
sfith the United States Postal Service with ) \

postage as First Class Mail in an envelope > . .addressed to: Assistant- Commissioner for Patents, == { ([-O
Washington, D.C. 20231, on - bj.—A=4-OO Docket No. 0819-2 ,

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE |. fb
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  )-

co

INFORMATION DISCLOSURE STA ENT i me

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In accordancewith the provisions of 37 C.F.R. 1.56 and 37 C.F.R.1.97-1.99,

' Applicant submits herewith attached Form PTO-1449listing references known to
Applicant and requeststhat these references be made ofrecordin the above-identified

application. Copies ofthe references are submitted herewith in accordance 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 hereafter, or credit any overpayment, to.Deposit
Account No. 19-2380. A duplicate copy of this paperis 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)
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  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 AO} : ,

Filing Date; March 23, 1999

. T DOCUMENTS .—

Examiner —™Initiat* | Document Number Date Class

 

 
{Use several sheets if necessary)

 

 
 

FOREIGN PATENT DOCUMENTS|

Seee
Xiue||s2ereafrorvares[usoHOLL |2v/zo[aos|_|
Aig]|r1sae42[osrneres|seven[HOA2/755
a

 
Ss Abst.

SIME||__s-oae_[oaone7[npn_—‘WOAL[ei/sanctoom|_|
fake]|essases[osrnove7|JovanHOLLfev/rosp|ance||
PT

OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages,Etc.)
 

 
 

 

O)

“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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 Form PTO-1449 U.S. Department of Commerce

(Rev, 8-83) Patent and Trademark Office

INFORMATION DISCLOSURE STATEMENT

 Atty. Docket No.: 0819-226 Serial No.: 09/274,114

 
 

Applicant: Nobuo AO!

Filing Date: March 23, 1999 Group: 1763

U.S. PATENT DOCUMENTS.
Filing Date=ee Class = tif appropriate)

nm
cD

(Use several sheets if necessary)

 
 

Examiner
Initial *  

 

 
 

 
  

 
 

<feansletion— Pecument Number County Tow[om[=e
TEsesrereime
pptes[esaanSe
eors

 

  

 
 

 

*EXAMINER: Initial if citation considered, whether or nat 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.

  

Page 351 of388 



   
     

   
   

  
 

      
   

                 
                 

   

     

     

         

              
               

 

       

             
   

              

                
                

                

             
             

      

            
               

  

              
   

        

                   
                 

             

                
                 

          

     
         

       
      
   

  
         
      

     

          

Page 352 of 388



    

  

  

            

            

          

             

           

    

          

           

 

  
  

  

  

Page 353 of 388



  

  

  
   

    

  

     

     

       

       

  

      

 

        

     

         

Page 354 of 388



             
  
  

      

             

                      
                 

          
  

        

        

    
       

     

       

   

   

      

      

  
       

       

        

       

         

      

      

           
  

           
    

   

   

   

   
     

   

       

    
       

     

      

     

        

       

  

      

         
            

    

         

    

        
         

         

         
      

   

    

      

      

     
  

       

    

        

       

       

        

         

    

      

   

        

       

    

      

       

    

    

     

    

     

       

  

   

   

 
Page 355 of 388





      
     

   
   

    

    
  

     
    

   
    

         
   

  

   
  

  
  

    

 

        
      

  

   
      

     
     

     

 

    

       

 
        

     

   
   

              

               
                    

      
                    

         
          

     

                       
                 

    
              
      

              

       
      

              

            

                 
  

   
                   

            
   

            
               

                   
               

                
                      

         

    

                

Page 357 of 388



   

             

          

  

   

               
           

Page 358 of 388

























Maintenance Status (US):
    
Litigation (US):
    
Opposition (EP):
    
License (EP):
    
EPO Procedural Status:
    
Front Page Drawing:
   

9Page 370 of 388











License (EP):
    
EPO Procedural Status:
    
Front Page Drawing:
   

14Page 375 of 388









Litigation (US):
    
Opposition (EP):
    
License (EP):
    
EPO Procedural Status:
    
Front Page Drawing:
   

18Page 379 of 388









22Page 383 of 388











USPTO Maintenance Report 

Patent Bibliographic Data 05/12/2015 12:56 PM

Patent 
Number: 

6197696 
Application 
Number: 

09274114 

Issue Date: 03/06/2001 Filing Date: 03/23/1999 

Title: METHOD FOR FORMING INTERCONNECTION STRUCTURE 

Status: 4th, 8th and 12th year fees paid  Entity: LARGE  

Window 
Opens: 

N/A 
Surcharge 
Date: 

N/A Expiration: N/A 

Fee Amt Due: 
Window not 
open 

Surchg Amt 
Due: 

Window not 
open 

Total Amt 
Due: 

Window not 
open 

Fee Code: 

Surcharge 
Fee Code:   

Most recent 
events (up to 
7): 

08/20/2012 
07/05/2012 
07/05/2012 
08/27/2008 
08/04/2004 
09/12/2001 

Payment of Maintenance Fee, 12th Year, Large Entity.  
Payor Number Assigned.  
Payer Number De-assigned.  
Payment of Maintenance Fee, 8th Year, Large Entity.  
Payment of Maintenance Fee, 4th Year, Large Entity.  
Payor Number Assigned.  
--- End of Maintenance History ---  

Address for 
fee purposes: 

PANASONIC PATENT CENTER 
20000 Mariner Avenue, Suite 200 
Torrance CA 90503 
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