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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-

Litilly formed over lower-level metal interconnects. 'lhen, the
thin filrn is masked with a lion resist pattern and etched to
form a mask pattern with openings for interconnects. Next,

The third insulating film is masked with a second resist

pattern and dry-etched such that the third insulating film and
the first and second resist patterns are etched at a high rate
and that the xcond insulating, film is etched at a low rate to
for-n1 openings for Contact holes in the third insulating film
and remove the that -and second resist patterns. Then, the

second insulating film is masked with Ibo third insulating
film and dry-etched such that the second insulating film is

etched at a high rate and that the firs-t and third insulating
films are etched at a low rate to form the openings for contact
holes in the second insulating film. Then, the third and first
insulating films are masked with the mask pattern and the
second insulating filn1,.respectivcly, and dry-etched such
that Lhc first and third i_n5Ltla_tiJ:tg films are etched at .3. 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, uppcplevel metal interconnects ‘and contacts are
formed.
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1

METHOD FOR FORMING-

INTERCONNECTION "STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to 3. 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-
increasirtg 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., parasitic

capacitance between metal interconnects), thus interfering
with the performance irnprcvemerrt of a semiconductor
integrated circuit. The wiring delay is soacalled “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 alurninum

alloy material therefor. That is to say, the operating speed
can be increased by about 1.5 times.

However, the number of devices, integrated within a
single semiconductor integrated circuit, is expected to fur-
ther increase" by leaps and bounds from now on, thus
increasing the wiring delay considerably. Therefore, it is
concerned that even the use of copper as an alternate metal

interconnection material would not be able to catch up with
such drastic increase. Also, the specific resistance of copper
as a metal interconnection material is just a little bit higher
than, but almost equal to, that of gold or silver. Accordingly,
even 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 1ine—to'~liue 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. Asilicon 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 polymer film and so on have been proposed as
alternate interlcvel insulating films with respective relative
dielectric constants "smaller than that of a silicon dioxide
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
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film. Nevertheless-,_ a fiuor1'ne~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, Si0.H
groups, having a high relative dielectric constant, are intro-
duced into the film. As a result, the relative dielectric

constant of the fluorine-doped silicon dioxide fi_lm adversely
increases, or the SiOH groups react with the water during a

heat treatment to release H20 gas. 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 TiF film, which easily
peels ofi.

An HSQ (hydrogen silscsquioxane) film, composed of Si,

O and H atoms, is_ an exemplary low-dielectric-constant
SOG film. In the I-ISO film, the number of the H atoms is
about two-thirds of that of the 0 atoms. However, the I-130
film releases a larger amount-of water than a conventional

silicon dioxide film. Accordingly, since it is difiicult to. form
a buried interconnection line in the H80 film, a patterned
metal film should be formed as metal interconnects on the

H50 film.

Also-, since the HSQ film cannot adhere so strongly to
metal interconnects, a CVD oxide film should be formed
between the metal in'te_rconne:cts and the H30 film to

improve the adhesion therebetween. I-Iovvever, in such a

case, it‘ 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 H30 and CVD
films. This is because the CVD oxide film with a high
dielectric constant exists between the metal interconnects.

Accordingly, the resulting 1ine'—to—1_i_ne capacitance is larger
as compared with using the HS_Q film alone.

An organic polymer film, as well as the 1ow~'die1ectric~

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 polymer film, .t0o.

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 p_attern.

Therefore, a proposed alternate process includes:.foI’rr1ing. 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
filrn.

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 lretone
groups. As a result, the relative dielectric constant of the
organic polymer film disadvantageously increases.

Also, in forming inlaid copper in'terconn'ects in the

organic polymer film, a 'I‘.iN adhesion layer, for example,
should be formed around wiring grooves formed in the
organic polymer film, because the organic polymer film
cannot adhere strongly to the metal interconnects. However,

since the 'l"iN film has a high resistance, the effective.
cross-sectional area of the metal interconnects decreases.

Consequently, the intended eifect attainable by the use of the
copper lines, i.e., reduction in resistance, would be lost.
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3

SUMMARY OF THE INVENTION

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

A 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) forniing a second insulating film, having a
diflferent 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; I) etching the thin film
using the first resist pattern ‘as a mask, thereby forming a
mask pattern but of the thin film" to have the openings for

forming wiring grooves; E) forming a second resist pattern,
having a plurality of opening for forming contact holes, on
the third insulating film; h) dry-etching the third insulating
film under such conditions that the third insulating film and

the first and "second resist patterns are etched at a relatively
high rate and that the 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 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 second insulating
film to have the openings for forming contact holes; j)
dry-etching the third and first insulating films using the mask

pattern and the patterned second insulating film as respective.
masks under such conditions that the ‘first and third 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 that 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 11). Accordingly, 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 insulating film, which
would otherwise be damaged easily by oxygen plasma, may
be used -as the third insulating film. As a result, an interlevel
insulating film with a low dielectric constant can be formed
by an ordinary resist application process.

In addition, the second insulating film can be used as an
etch stopper while the wiring grooves -are formed by dry-
ctching the third insulating film using the mask pattern as a

mask in thestep j). Accordingly, the depth of each wiring
groove can be equalized with the thickness of the third

Page 46 of 388

10

15

25

30

35

45

50

60

4

insulating film. That is to" say, the depth of the wiring

grooves 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-
i)-

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 15.).

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
improved.

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 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
reactive gas containing p'erflu'oro'decalin.

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 certainty. At

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

In. an embodiment where the first and third insulating‘

films are both mainly composed of organic components, the
first method preferably further includes the step of forming

an adhesion layer over part of the third insulating film
exposed inside the wiring grooves and part 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).

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 a_nd the

first insulating film mainly composed of an organic compo-
nent can be improved substantially without fail.

In the embodiment where the first insulating film is
mainly composed of an organic component, the step a)
preferably includes forming the first insulating film by a

CVD process using a reactive gas containing perfluorodeca-
lin.

In such a case, a film mainly composed of an organic
component and having a low relative dielectric constant can

he formed as the first insulating film with a lot more
certainty.
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Asecond 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
ditferenl 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 filrn
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,
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 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 "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 etchedat a relatively low rate, thereby pattern-
ing the second insulating film to have the openings for
forming contact holes; j) removing the first and second resist
patterns; 1:) dry-‘etching the third and "first insulating films

using the mask pattern and the patterned ‘second insulating
film as respective masks under such conditions that the first
and third insulating films are etched at a relatively high rate
and that the mask pattern and the second insulating film are
etched at a relatively low rate, thereby forming wiring
grooves and contact holes in the third and first insulating
films, respectively; and 1)" filling in the wiring grooves and

the contact holes with a metal film, thereby forming upper-
level metal interconnects andcontacts connecting the lower»
and upper-level metal interconnects together.

In the second method of the present invention, -even if a

damaged layer is formed in respective parts of the first and
third insulating films that are exposed inside the openings
for forming contact holes in the 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 It). 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 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 damaged easily 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 ernbcdirnent of the present invention, the third
insulating film is preferably a loW—dielectric~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
appiication process.

A third method for forming an interconnection structure
according to" the present invention includes the steps of: a)
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forming at first insulating film over lower—level metal inter-
connects; b) forming a second insulating "film, havinga

diiferent composition than that of the first insttlating 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; ct) forming
a fourth insulating film, having a dilferent composition than

that ofthe third insulating film, over the third insulating film;
e) fortning a thin film over the fourth insulating film; f)

forming a first resist pattern on the thin film, the first resist
pattern having o.p'enJ'ngs for forming‘ wiring grooves; g)
etching the thin film using the first resist pattern as a mask,
thereby Eonning 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; E)

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 forforming
cont-act 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 patterned fourth
insulating film -and the second insulating film using the mask

pattern and the patterned third insulating film as respective
masks, thereby forming wiring grooves in the patterned
fourth insulating film and patterning the second insulating
film to have the openings for forming contact holes; 1)
dry~etching the patterned third insulating film and the first
insulating film using the mask pattern and the patterned

second insulating film as respective. masks, thereby forming
the wiring grooves and the contact_ holes in the patterned
third insulating film and the first insulating film, 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,
even if the firstresist 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 insul'at_i_n'g_ film in the step 3}).
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 firstand 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 fihns is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant of

the interlevel insulating filrn can be reduced.

In another embodiment of the present invention, _a size of
the openings of the second resist pattern for forming contact
holes is preferably larger than a designed size of the contact
holes in a" direction vertical to a direction in which the-

upper-level metal interconnects extend.

In such an embodiment, even if the openings of the.
second resist pattern for forming contact holes have mis-

aligned -with the openings of the mask pattern for forming
wiring grooves, the openings of the patterned fourth insu-
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lating film for forming 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 regions where the openings of the
second resist pattern for forming contact holes overlap with
corresponding openings of the mask pattern for forming
Wiring grooves. As a result, the connection between the
contacts and the upper-level metal interconnects is ensured.

Afourth 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, o.ver 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; i) etching the thin film

using the first resist pattern as a mask, thereby forming a
mask pattern out of the thin film to have the_ openings for
forming wiring grooves; g) removing the first resist pattern
and then forming a second resist pattern on the third insu-
lating film and the mask 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—etcl:u'ng. the second insulating Iilrn 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 and the first insulating film using the mask pattern and

the patterned second insulating film as res'pe"ctive 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 of the present invention, the second
insulating film exists on the first insulating film during
dry-etching the third insulating "film in the step h).
Accordingly, the first insulating film is not damaged. Thus,

low-diele.ctn‘c-constant insulating films, which would oth-
erwise be damagedeasily by oxygen plas'ma.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 embodiment of the present invention, at least one

of the first and third insulating films is preferably mainly
composed of an organic component.

In such an embodiment, the relative dielectric constant of

the interlevel insulating film can be reduced.

In another embodiment of the present invention, a size of

the openings of the second resist pattern for forming contact
holes is preferably larger than a designed size of the contact
holes in a direction vertical to a direction in which the

upper-level metal interconnects extend.

In such an embodiment, even if the openings of the
second resist pattern for forming contact holes have mis-
aligned with the openings of the mask pattern for forming

wiringgrooves, the openings of the patterned third insulat-
ing film for forming contact holes can be formed to be
selflaligned with the openings of the mask pattern for
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forming Wiring grooves. This is. because the openings of the
patterned third insulating film for forming cont-act holes are

formed in respective regions where the openings of the.
second resist pattern forforming Contact holes overlap with
corresponding openings of the mask" pattern for forming
wiring grooves. As a result, the connection between the
cont_acts and the. upper-level metal interconnects is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

FIGS. 4-(tr) through 4(a) are cross-sectional views illus-
trating problems caused by the misalignment of the second

resist pattern during the process of forming the interconnec-
tion structure of the first embodiment. '

FIGS. 5(a) through 5(-c) are cross-sectional views illus-
trating the problems caused by the misaIi'gnrnen't of the
second resist pattern dining the process of forming the
interconnection structure of the first embodiment.

FIGS- 6(a) through 6(c) are cross-sectional views illus-
trating the problems caused by the misalignment of the

second resist pattern during the process of" forming the
interconnection structure of the first embodiment.

FIGS. 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(a) through 8(c) are cross-sectional views illus-
trating the measures to solve the problems caused by the
misalignment of the second resist pattern during the process

of forming the interconnection stmcture of the first embodi-
tnent.

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

FIGS. 10'(a) through 10(_c) are cross-sectional views illus-
trating respective. prorxtss steps for forming the interconnec-
tion structure oi the second embodiment.

FIGS. 11(n) through 1i(c) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure oi the second embodiment.

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

FIGS. l3(n) through 13(6) .are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the third embodiment.

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

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

illustrating respective process steps for forming -an intercon-
nection structure according to a modified example or the
third e_mbodin1'ent.
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FIGS. 1601) through l6(d) are cross—sectional views illus-

trating respective process steps for forming the interconnec-
tion structure. of the modified example of the third embodi-
mcut.

FIGS. 17(c) through 1’a'(c) are cross-sectional views illus-
trating respective‘ process steps for forming the interconnec-
tion structure of the modified example of the third embodi-
ment.

FIGS. 18(c) through 180:) are crosssectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to. the fourth embodiment of the
present invention.

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

FIGS. 2J0(n) through '20(c) .are cross-sectional views illus-
trating respective. process steps for forming the interconnec-
tion structure of the fourth embodiment.

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

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

FIGS. 24(4) through 240:) are cross—sectional views illus-

trating respective process steps for forming an interconnec-
tion structure according to a modified examp1e.of'the. fifth
embodiment.

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

FIGS. 260:) through 26(d) are cross-‘sectional views illus-
trating respective process steps for forming, the interconnec-

tion strucrure. in the modified example of the fifth embodi-
merit.

FIGS. 2'7(c) and .'?.7(b) -are perspective views illustrating
respective process steps for forming the interconnection
structure in the modified example of the fifth embodiment.

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

FIGS. 2'9(n) and 29(b) are perspective views illustrating
respective process steps for forming the interconnection
structure in the. modified example of the fifth embodiment.

FIGS. 30(e) through 30(6) are cross-sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to the sixth embodiment of the

present invention.

FIGS. 31(c) through 3101) are cross-sectional views illus-
trating respective process steps for forming the interconnec-
tion structure of the sixth embodiment.

FIGS. 32{c) through 32(c) are cross-sectional views illus-
trating respcctive process steps for forming the interconnec-

tion structure of the sixth embodiment.

FIGS. 33(4) through 330:) are cross—sectional views illus-
trating respective process steps for forming an interconnec-
tion structure according to a modified example of the sixth
embodiment.

FIGS. 34(n) through 349:) are cross-sectional views illus-
trating rcspective process steps for forming the interconnec-

tion structure in the modified example of the sixth embodi-
ment.
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FIGS. 35(n) through -35(C) are cross—sectional views illus-
trating respective process stcpsfor forming the interconnec-

tion structure in the modified example of -the sixth embodi-
ment.

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

FIG. '37(_a) illustrates respective positional relationships
between the mask pattern and the second resist pattern and
between a first metal interconnect and an associated contact‘

in the modified example of the fifth embodiment; and

FIG. 37(b) illustrates respective positionai relationships-
be'twee'n the mask pattern and the second resist pattern and
between "a first metal inte.rc'onnect and an associated contact
in the fifth embodiment.

DESCRIPTION OF THE PREFERRED
EM]3ODlMENTS

EMBODIMENT 1

Hereinafter, an exemplary method for forming an inter-
connection struclure according to the first embodiment of
the present invention will be described with reference to

FIGS. 1(a) through 1(c), FIGS. 2(."/3) through 2(c) and FIGS.

3(a) through 3(c).

First, as shown in FIG. 1(a), a silicon nitride film 102 is
formed over first metal interconnects 101 forriied on a

semiconductor substrate 100. The silicon nitride film 102 is

formed to be 50 nm thick, for exarnpie, and used to protect
the first metal interconnects 101 during a subsequent etching

process step. Thereafter, a first organic film 106 (first in 25
sulating film), mainly composed of an organic component, is
formed to be 1 pm thick, for example, on the silicon nitride
film 102. Next, an organic-containing silicon dioxide film

104 (second insulatingfilm), containingan 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-.oontai'ning silicon dioxide film 104.
And a titanium nitride film 106 is fonned 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 perflu.o-
rodecalin. Also, hydrocarbon films or fluorine-containing
hydrocarbon films, formed by plasma CVD, coating or
thermal CV/D, 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 pcrfluorodecalin and organic silane such as heir-
amethyl disiloxane, arylalkox-y silane or alkylalltoxy silane.

In such ‘a case, an organicfinorganic 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

film 104, having 3 structure in which a phenyl--group bonded
to a silicon atom is intro.du'ced into silicon dioxide, can be
obtained.
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It should be- noted that a thin film showing high etch
selectivitywith respect to the first and second organic films

103 and 10S.and the organic-containing silicon -dioxide film
104, i.e., a film etched at a sufiiciently low rate (e.g., silicon
nitride film), may be used instead of the titanium nitride film
106.

Next, as shown in FIG. 1(2)), a first resist pattern 107,
having openings for fonning wiring grooves, is formed by
lithography on the titanium nitride. film 106. Thereafter, the
titanium nitride film 106 is dry-etched using-_ the first resist
pattern 107 as a mask, thereby forming a mask pattern 108
out of the titaniuni nitride film 106 as shown in FIG. 1(a).

Subsequently, a second resist pattern 109, having open-
ings for forming contact holes, is formed by lithography on
the second organic film 105 Without removing the first resist

pattern 107. Then, the second organic film 105 is dry.-etched,
thereby forming a patterned second organic film 105A
having the openings for forming contact holes as shown in

FIG.'2(n). In this case, since the second organic film 105 and
the first and second resist patterns 10’? 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 10'? and 109. Thus, when the

second organic film 105 is dry-etched, the first and second
resist patterns 107 and 109 are also removed simultaneously.

It should be noted that part of the second resist pattern 109

may be left in the process step of dry—e'tching 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 1.11 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. 205). 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. 20:). At the same time,
the first organic film 103 is also dry—etched using the
patterned organic-containing silicon dioxide film 104A as a
mask, thereby forming a patterned first organic film 103A

having the contact holes as shown in FIG. 2(c).

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

Then, as shown in FIG. 3(b), an adhesion layer 112, made
of titanium nitride, is deposited to be 50 um 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
embodiment, the metal film 1.13 may be made of any

arbitrary rnetal. 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 CMP technique, for erra-mple.
As a‘ result, second metal interconnects 114 and contacts

115, connecting the first and second metal interconnects 101
and 1.14, 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 1.14

through the same process steps -as those described above.

In the first embodiment, the organic.~c.ontaining 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 intro'duce_d 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 10? and 109 are removed
while the second organic film 105 is dry-etched. Thus, it is

no longer necessary to ash and remove the that and second
resist patterns 10’? and 109 with oxygen plasma. That is 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 relativedielectric 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 rising 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. That is to

say, the depth of the wiring grooves 111 can he defined by
selt‘~alig'nment.

I-lereinafter, problems caused by the misalignment of the
second resist pattern 109 with the first resist pattem 107 and
the me-astired taken to solve the problems will be described.

First, it will be. described with reference to FIGS. 4(a)

through 4(c), FIGS. 5(a) through 5(c) and FIGS. 6(a)
through 6(6) what problems are C-allsfid if the second resist
pattern 109 has misaligned.

As in the first embodiment, a silicon nitride film 102 is
first formed to be 50 nm thick, for example, over first metal
interconnects 101 formed on a semiconductor substrate 100

as shown in FIG. 4(a). Thereafter, a first organic film 103,

mainly cornposed of an organic component, is formed to be
1 ram thick, for example, on the -silicon nitride film 102.

Next, an .organi'c-containing silicon dioxide film 104,

containing an ‘organic component in silicon dioxide, is

formed to he 50 nm thick, for example, on the firs! organic
filrn 103. Then, -a second organic film 105, mainly composed

of an organic component, is formed to be 400 nm thick, for
example, on the organicwcontairiing 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 FIG. 405), a first resist pattern 107,
having openings for forming wiring grooves, is Eonned on
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the titanium nitride film 106. Thereafter, the titanium nitride

film 106 is dry-etched using the first resist pattern 107 as a

mask, thereby forming a mask pattern 108 out of the
titanium nitride film 106 as shown in FIG. 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(a) and 1(c) are compared with
each other, the second resist pattern 109 has misaligned with
the fi.1'Sl resist pattern 107 in this case.

Then, the second organic film 105 is dry~etched, thereby

forrning a patterned second organic film 105A having the
openings for lbrrning contact holes as shown in FIG. 5(0).
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 10'? and 109 are removed simulta-
neously with the dryetching of the second organic. film 105.
In this case, since the second resist pattern 109 has mis-

aligned with the first resist pattern 107, the diameter of the
openings for forming contact holes, which are provided in
the second organic film 105A, is smaller than desired.

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

contact holes as shown in FIG. 5(c').

Next, the patterned second organic film 105A is dry-
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. 6(a). At the same time,
the first organic film 103 is also dry~elched 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(1)).

Then, an adhesion layer 112, made of titanium nitride, is
deposited to be 50 not 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 Iilm and the mask pattern 108, which are

deposited on the patterned second organic film IQSA, 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 FIGS. 7(a)

through 7(c) and FIGS. 8(a) through 8(c_) what measures
should be taken to solve the problems caused by the mis-
alignment of the second resist pattern 109.

First, a second resist pattern 109, having openings for
forming Contact holes, is formed through the same process

steps as those described with reference to FIGS. 4(a)

through 4(e) and FIG. 5(a). In this case, the second resist
pattern 109 has also misaligned with the-first resist pattern

107 (see FIG. 5(a)).

Thus, as shown in FIG. 7(a), the first resist pattern 107
and the mask pattern 108 are dry~etched using the second
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resist pattern 109 as a mask. ‘In this manner, portions of the
first resist pattern 107, not overlapping with the second resist

pattern 109, are removed and each opening of the mask

pattern 108 is expanded to be equal to or larger than each
opening 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 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 shown in FIG. 7(b). In

this case, since the second organic film 105 and the firstand

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 104-A having the openings for forming
contact holes as shown in FIG. '?(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 trans-

ferred to the first resist pattern 107 and the mask pattern 108.
Thus, the diameter of the openings for forming contact
holes, which have been formed in the patterned second

organic film 105A and the patterned organic-containing
silicon dioxide film 104A, is a predetermined size.

Next, the pa_tterned second organic film 105A is dry-
etched using the mask pattern 108 -as _a mask, thereby
forming the wiring gooves 11.1 in the patterned second
organic film 105A as shown in FIG. 8(a). At the same time,
the first organic film 10.3 is also dry-etched using the
patterned ‘organic-containing silicon dioxide film 104-A as a

mask, thereby forming a patterned firs! organic film 103A
having the contact holes 110 as shown in FIG. 8(a).
Subsequently, the silicon nitride film 102 is dry-etched using
the patterned organic-containing silicon dioxide film 104-A
as a mask, thereby forming a patterned silicon nitride film
102A and exposing the first metal interconnects 101 within
the contact holes 110 as shown in FIG. 8(b).

Then, an adhesion layer 112, made of titanium nitride, is
deposited to be. 50 nm thick, for example, on the wall faces
of the contact holes 110 and the wiring grooves 11.1.

Thereafter, a metal film is deposited over the entinesttrface
of the substrate and respective portions of the adhesion layer
112, the metal film and the mask pattern 108, which -are
deposited on the patterned second organic film 105A, are
removed by a CMP technique, for example. As a result,
second metal interconnects 114 and contacts 115 are formed
out of the titanium nitride film 1.12 and the metal film as

shown in FIG. 80:).

EMBODIMENT 2

Next, an exemplary method for forming an interconnec-
tion structure according to the second embodiment of the
present invention will be described with reference to FIGS.

9(a) through 9(a), FIGS. 1002) through 10(6) and FIGS.
11(n) through 11'(c).

First, as shown in FIG. 9(a), a silicon nitride film 282 is
formed to be 50 nm thick, "for example, over first metal
interconnects 201 formeid on a semiconductor substrate 200.

Thereafter, a first organic film 203 (firs! insulating film),
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mainly composed of an organic component, is formed to be
1 pm thick, for example, on the silicon nitride film 202.

Next, an organic-containing silicon dioxide film -204 (second
insulating film), containing an organic component in silicon
dioxide, is formed to be 50 nm thick, for example, on the
first organic film 203. Then, a second organic film 205 (third

insulating film), mainly composed of an organic component,
is formed to be 400 nm thick, for example, on the organic-
containirig 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 perlIuo-
rodecalin. Also, hydrocarbon films or tluor*ine-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 CV1) process
using a reactive gas mainly composed of phenyltrirnethoxy
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 organiccontairting 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 titanium nitride film
206.

Next, as shown in FIG. 90)), 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 20.6 as shown in FIG. 9(a).

Subsequently, a second resist pattern 209, having open-
ings for forming contact holes, is formed by lithography on

the second organic film 205 without rcrnovirtg the first resist
pattern 207. Then, the second organic fi_Im_205 is dry-etched,
thereby forming a patterned second organic film 205A

having the openings for forming contact holes as shown in
FIG. 10(a). In this case, since the second organic film 205
and the first and second resist patterns 20’? and "209 are all

mainly composed of organic components, the second
organic film 205 is etched at a rate substantially equal to that
of the first and second resist patterns 20’? and 209..
Accordingly, when the second organic film 205 is dry-

etched, the first and second resist patterns 207 and 209 are
also removed simultaneously.

If the second resist pattern 209 may have been misaligned
wi-th 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 openings of the mask
pattern 208 are expanded to be equal to or larger than the
openings for Eonning wiring grooves _and contact holes as
described in the first embodiment.

Then, the organic-containing silicon dioxide film 204 is
dry-etched using the patterned second organic film 205A as
a mask, thereby forming a patterned organic-containing
silicon dioxide ‘film 204A having the openings for forming

contact holes as shown in‘ FIG. 10(b). Next, the patterned
second organic film 205A is dry-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 Iilrn 203A having the contact holes 210
as also shown in FIG. 10(c).

Subsequently, the silicon niuide Film 202 is dry—etcl'1'ed
using the patterned organic-containing silicon dioxide film
204-A -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. ll(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. ]_I(b), an adhesion

layer 212, including amino and amide groups, is deposited
on the Wall faces "of the patterned first organic film 203A
exposed inside the contact hoies 210 and on the wall faces
of the.patterne'd second organic film 205Ae‘_xpoSB.d inside the
wirirtg 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 instan_ce_, pl ating, CVD or sputtering
may be employed.

Finally, as shown in FIG. 11(c_), respective portions of the
metal film 213 and the mask pattern 208., which are depos-
ited on the patterned second organic film 205A, are removed

by a CMP technique,_ for example. As a result, second metal
interconnects 214 and contacts 215 are formed out of the
metal film 213.

It should be noted that -a multilevel interconnection struc-

ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 214

through the same process steps as those described above.

EMBODIMENT 3

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(a) through 12(c),_ FIGS. 13(3) through 13(5) and FIGS.
14(a) through 14('c).

First, as shown in FIG. I2(_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 firs: organic‘-containing silicon
dioxide film 303 (first insulating film), containing an organic
component in silicon dioxide, is-formed to be 1 our 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 um thick,

for example, on the first organic-containing silicon dioxide

film 303. Then, a second organic-containing silicon dioxide
film 305 (third insulating film), containing an organic com-
ponent in silicon dioxide, is formed to be 50 nm thick, for
example, on the low-dielectric-constant SOG film 304. And

a titanium nitride film 306 is formed to be 50 nm thick, for
example, on the second organiccontaining 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 phenyltrirnethoxy silane. Also, an HSQ film
may be used as the low-dielectric-constant SOG film 304
with a siloxane skeleton.

It should be noted that a thin filrn showing high etch
selectivity with respect to the first and second organic-
cc_ntaining- silicon dioxide films 303 and 305 and the low-
dielectric-constant SOG film 304, i.e., a film etche_d at a

suflicienlly low rate (e.g., silicon nitride film), may be used
instead of the titanium nitride film 3.06.

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 rLi1Iide'EIlm 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

o.ut of the titanium nitride film 306 as shown in FIG. 1201').

Subsequently, as shown in FIG. 13(a), the first resist
pattern 307 is removed and then a second resist pattern 309,
having openings for forming contact holes, is formed on the

second organic-containing silicon dioxide film .305. Then,
the second organic-containing silicon dioxide 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 30544., a patterned low-dielectric.-constant SOG film

304A and a patterned ftrst organic-containing silicon dioxide
Iilm 303A having contact holes 310 are formed -as shown in
FIG. 13(b).

Next, as shown in FIG. 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

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-
dielectrimconstant SOG film 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. Informing the wiring grooves 311, by selecting
such etching conditions that the first organic-containing
silicon dioxide film 303A is etched at a rate sufliciently
lower than that of the low-dielectricrconstant SOG film

304A, sufficient selectivity can be secured for the patterned

first or_ganic—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-containingsilicon dioxide film 305 and the
low~dielectri.c-cons.tanl SOG 0.1111 304.

If the second resist 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 of the second resist pattern 309
for forming contact ho.les.because.ofthernisalignment of the
second resist pattern 309 with the ftrst 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 expanded to include the openings

for forming wiring grooves and contact holes.

Subsequently, the silicon nitride film 302 is dry-etched
using the patterned first organic-containing silicon dioxide
film 303A as a mask, thereby forming a patterned silicon

nitride film 302A and exposing the first metal interconnects
301 within the contact holes 310 as shown in FIG. 1-4(a).

Page 53 of 388

10

15

25

30

35

45

50

60

18

Then, as shown in FIG. 14(6), an adhesion layer 312,
made -oftitanium nitride, is deposited to he 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
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 shown in FIG. 14(c), respective portions of the

adhesion layer 312, the metal film 313 and the mask pattern
308, which are deposited .on the patterned second organic-
containing silicon dioxide film 305A, are removed by a
CMP technique, for example. As -a result, second metal

interconnects 314 and contacts 315, connecting the first and
second metal interconnects 301 and 314, are formed out of
the meta] 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~0oustaut SOG film 304 is not exposed to the
oxygen plasma, because the second organic-containing sili-
con dioxide film 305 exists on the. loW~dic-lcctric—constant
SOG film 304.

Also, in this embodiment, after the second organic-

containing silicon dioxide film 305, the low~dielectri_c~

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-dielec.tric-
constant SOG film 304A, which are exposed inside the
openings for forming 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-dielectricrconstant SOG film 304A, and does
not have harmful effects on subsequent process steps.

Accordingly, the low~die1ectric-constant SOG film 304
may be. made of a material degradable with mrygen 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 1ow~dielectric—constant -SOG

film 304A, in which the wiring grooves 311 have already
been formed, is not afiected by oxygen plasma. Thus, even
if .an HSQ film is used as an interlevel ir-lsulating film, the
deterioration in reliability and performance of the device can
be avoided.

MODIFIED EXAMPLE OF EMBODIMENT 3

Next, an exernplary method for forming an interconnec-

tion structure according to a modified example of the third
embodiment of the present invention will be described with

reference to FIGS. 15(n) through 15(5), FIGS. 16(a) through

16(c) and FIGS. 1701) through 1’i'(c).

First, as shown in FIG. 15(a), a silicon nitiide film 352 is
formed over first metal interconnects 351 forrned 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
process step. Thcreafter,.a first silicon dioxide film 353 (first

insulating film) is formed to be 1 pm thick, for ex_an-iple, 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 um 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
using a reactive gas mainly compomd of phenyltrirnethoxy
silane.

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

Next, as shown in FIG. 15(b), a first resist pattern 357,
having openings for forming wiring grooves, is formed by
lithography on the titanium nitride film 356. Thereafter, the
titanium nitride film 356 is "dry-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. 16011), the first resist

pattern 357 is removed and then a second resist pattern 359,
having openings for forming contact holes, is formed on the
second silicon dioxide film 355. Then, the second silicon

dioxide filrn 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. 1605). In this
case, the second resist pattern 359 is removed during the step
of etching the organic film 354.

Next, as shown in FIG. 1fi(c), the tits! silicon-dioxide film
353 is dryetched. using the patterned second "silicon dioxide
lilm 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 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 sulficiently
lower than that of the organic film 354A, sufiicient 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 the thicknesses
of the second silicon dioxide "film 355 and the organic film
354.

If the second resist pattern 359 may have been misaligned
with the first resist pattern 357, then the mask pattern 358
should be dry-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
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to say, if the mask pattern 358 is partially exposed inside the
openings ofthe second resist pattern 359 for forming contact

holes because" of the misalignment of the second resist
pattern 359 with the first resist pattern 357.-, then the mask
pattern 358 is dry-etched using the second resist pattern 359
as a mask. In this manner, the openings of the mask pattern
358 are expanded to include the openings for forming wiring
grooves and Contact holes.

Subsequently, the silicon" nitride film 352 is dry-etched

using the patterned first silicon dioxide film 353Aas a mask,
thereby forming a patterned silicon nitride ‘film 352A and
exposing the first metal interconnects 351 within the. contact
holes 361 as shown in FIG. 17(t1).

Then, as shown in FIG. 17(b), an adhesion layer 363,
made of"titanium nitride, is deposited to be 50 nm thick, for
example, on the wall faces ‘of the cont-act holes 361 and the

wiring grooves 362. Thereafter, a metal film 364 is deposited
over the entire surface of the substrate to completely [ill 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
umd. Also, the metal film 364 may be "deposited by any

arbitrary technique. For instance, plating, CV1) or sputtering
may be employed.

Finally, as shown in FIG. 17(c), respective portions of the

adhesion layer 363, the metal film 364 and the mask pattern
358, which are deposited on the patterned second silicon
dioxide film 355A, are removed by a CMP technique, for
example. As a result, second metal interconnects 365 and
contacts 366, connecting the "first and second metal inter-
connects 351 and 365, are formed out of the metal film 364.

It should be noted that a multilevel interconnection struc-

ture may be formed by forming -respective films, intercon-
nects and contacts on the second metal interconnects 365

through the same process steps as those described above-.

In this modified example of the third embodiment, while
the first resist pattern 357 is ashed and removed by 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 35.5 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 second resist pattern 359 with oxygen
plasma, the organic film 354 is not exposed to oxygen
plasma.

EMBODIMENT 4

Next, an exemplary method for formingan interconnec-

tion structurc according to the fourth embodiment of the
present invention will be described with reference to FIGS.

I8(a) through 18(e),__ FIGS. 190:) through 19(5) and FIGS.
20(a) through 20(c).

First, as shown in FIG. 1-8(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 SOC
film 403 (first insulating film), having a sitoxane skeleton, is
formed to be 1 ram thick, for example, on the silicon nitride
film 402. Next, -an organic-containing silicon dioxide film

404-(second insulating film), containing an organic compo-
nent in silicon dioxide, is deposited to be 50 mo thick, For
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example, on the first lovwdielectricaconstaut SOG film 403.
'l'1't'en, a second low-dielectric-constant SOG film 405 (third

insulating film), having a siloxane skeleton, is formedto 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~die1ectric-
constanl SOG film 405.

The lirst 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
deposited by a CVD process using a‘ reactive gas mainly
composed of phenyltrimethoxy silane. Then, an organic-

containing silicon dioxide" film 404, having a structure in
which a phenyl group bonded to a silicon atom is 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 SOG films 403 and 405 and the organiccontaining
silicon dioxide film 404, i.e., a film etched at a sufiiciently
low rate (e.g., silicon nitride film), may be used instead of
the titanium nitride film 406.

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

Subsequently, a second resist pattern 409, having open-

ings for forming contact holes, is formed by lithography on
the second low—diel'ectric~constant SOG film 405 without

removing the first resist pattern 407. Then, the second
low-dielectric-constant 'SOG film 405 and the organic-
containing silicon dioxide film 404 are sequentially dry-
etched using the second resist pattern 409 as a mask, thereby
forming a patterned second low-dielectric-constant SOG

film 405A and a patterned organic-containing silicon dioxide

film 40-4A as shown in FIG. 19(n).

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-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 FIG. 19(1)). '

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-dielectricconstant SOG film 405A as shown in

FIG. 19(c). At the same time, the first low-dielecttic-
constant SOG film 403 is dry-etched using the patterned
organic-containing silicon dioxide tilrn 404A as a mask,
thereby forming a patterned ftt‘Sl low-dielectric-constant
SOG film 403A having contact holes 411 as shown in FIG.

19(e). By performing this dry~etch.ing 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
lilm 402A and exposing the first metal interconnects 401
within the contact holes 411 as shown in FIG. 206:).

Then, as shown in FIG. 20(b), an. adhesion layer 413,

made of titanium nitride, is deposited to be 50 um thick, for
example, on the wall faces of the contact holes 411 and the
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wiring grooves 4132. 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

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. 2o(:.'~), 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 than multilevel interconnection struc-

ture may be formed by forming respective films, intercon-
nects and ‘contacts on the second metal interconnects 415

through the same process steps as those described above.

In the fourth embodiment, while the‘ first and second resist

patterns 40''? and "409 are ashed and removed with oxygen
plasma, a damaged layer 410 is formed in the first low-
dielectric-constant SOG film 4'03 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 MB and 405 may be made of a material degrad-
able with oxygen plasma. For example, in general, if an
HSQ film is exposed to oxygen plasma, Si—H bonds 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, accord-
ing to the fourth embodiment, the patterned ftrst 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
alfectcd by oxygen plasma any more. Thus, even it an HSQ
film is used as an interlevel insulating film, the-deterioration
in reliability and performance" of the device can be avoided.

EMBODIMENT 5

Next, an exemplary method for forming an interconnec-
tion structure according to the fifth embodiment of the
present invention will be described with reference to FIGS.

21(a) through 21(c), FIGS. 220:) through 22(c) and FIGS.
23(c) through 23(d).

First,-as shown in FIG. 21(a), a silicon nitride" film 502 is
formed over first metal interconnects 501 formed on a

semiconductor substrate 500. The silicon nitride film 502 is

formed to be 50 nm thick, for example, and to protect the
first metal interconnects 501 during a subsequent etching
process step. Thereafter, a first organic film 503 (‘first insu-

lating film), mainly composed of an organic component, is-
deposited to be 400 nm thick, for example, on the silicon
nitride film 502. Then, a first silicon dioxide film 504

(second insulating film) is deposited to be 100. nm thick, for
example, on the first organic film 503. Subsequently, a

second “organic film 505 (third insulating film), mainly
composed of an -organic component, is deposited to be 300
nm thick, for example, on the first silicon dioxide film 504.
Next, a second silicon dioxide film 506 (fourth insulating

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

The first and second organic films 503 and 505 may be
deposited by any arbitrary technique. For example, these

films 503 and 505 may be deposited by a plasma CVD
process using a reactive gas mainly composed of perl1uo-
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 polytetrafinoroethylene, oxygen-
cotitaining polytetrafiuoroethylene, 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 note.d 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 sttfficiently low rate

(e.g., silicon nitride film), may be used instead of the
titanium nitride film 507.

Next, as shown in FIG. 21(1)), 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 dryaetehed using the first resist
pattern 508 as a mask, thereby forming a mask pattern 509,

having openings for forming wiring grooves, out of the
titanium nitride film 507 as shown in FIG. 21(c).

Subsequently, as shown in FIG. 22(a_), the first resist
pattern 508 is removed by oxygen plasma, for example. In
this case, even if the first resist pattern 508 is ashed and
removed using oxygen plasma, the quality of the second
organic film 505 does not degrade, because the second

silicon dioxide film 506 exists on the second organic film
505 mainly composed of an organic component.

Then, as shown in FIG. 2205), a second resist 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-etched using the second resist
pattern 510 and the mask pattern 509 as a mask, thereby

forming a patterned second silicon 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 openings for forming contact holes as shown in FIG.

23(£I)_. 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 noted that part of the second resist pattern 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 FIG.
23(c)).

Thereafter, the patterned ‘second silicon dioxide film 506A

and the 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

second silicon dioxide film 50613 having openings for form-

ing wiring grooves and a. patterned first silicon dioxide film
504A having openings for forming Contact holes as shown in
FIG. 23(b).

Then, the patterned second organic film 505A and the first
organic film 503 are dry—e1cl-ted using the mask pattern 509
and the patterned first silicon dioxide film 504A as respec-
tive.n:tasks, thereby forming a patterned second organic film
505B having wiring grooves 511 and a patterned first

organic film 503A having contact holes 512 as shown in
FIG. 23('c). '

-Subsequently, the silicon nitride film 502 is dry-etched
using the patterned first silicon dioxide film 504A as a mask,
thereby forming a patterned silicon nitride film 502A (see

FIG. 23(d)) and exposing the first metal interconnects 50.1
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

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
deposited by any arbitrary technique. For instance, plating,
CV!) 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 50.613, are removed by a CMP technique,
for example. As a result, second metal interconnects 513 and
contacts 514, connecting the first and second metal inter-

connects 501 and 513 together, are formed as shown in FIG.
23(d).

It should be noted that a multilevel interconnection struc-

ture may be formed by forming respective films, intercon-
nects and 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

quality of the second organic film 505 does not degrade. This
is because the second silicon dioxide film 506 exists ‘on the

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

Also, in this embodiment, the first silicon dioxide-.film 504

fitnctions as an etch stopper during dry-etching the second
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

according to a modified example of the fifth embodiment
will be described with reference to FIGS. 24(a) through

24(c), FIGS. 2S(a) th1‘ottg.l't 25(c),. FIGS. 2'6(rr) through
2555). FIGS. 2-7(a) and 2’?(b), FIGS. 2801) and _28(b) and
FIGS. 29(_a) and 29(5)).

First, as shown in FIG. 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 um thick, for example, and to protect the
first metal interconnects 551 during a subsequent etching
process step. Thereafter, a first organic film 553 (first insu-

lating film), rnainly coroposed of an organic component, is
deposited to be 400 IIl'I] thick, 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 nm thick, for

example, on the first organic film 553. Subsequently, a
second organic film 555 (third insulating film), mainly
composed .of anorganic 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

him) is deposited to be 200 nm thick, for example, on lhe
second organic film 555. And a titanium nitride film 55.7 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 S55 and
the first and second silicon dioxide films 554 and 556 may
be used instead of the titanium nitride film 557.

Next, as shown in FIG. 24(b), a first resist pattern 558,
having openings for forming wiring grooves, is formed on
the titanium nitride film 557. Thereafter, the titanium nitride

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 nitride film
557 as- shown in FIG. 24_(c).

Subsequently, as shown in FIGS. 25(n) and 27(c), 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(1)). in this
modified example of the fifth embodiment, the sizes of the
openings of the-second resist pattern 560 for forming-contact
holes -are set larger than designed sizes of the contact holes
in respective directions vertical and parallel to wiring
grooves for forming second metal interconnects. The reason
thereof will he described later.

Then, the second silicon dioxide film 556 is dry—etchc'd

using the second resist pattern 560 and the mask pattern 559

as a mask‘, thereby forming a patterned second silicon
dioxide film 556A having openings for forming contact

holes -as shown in FIGS. 25(c) and 27(b).

As described above, the sizes of the openings of the
second resist pattern 560 for forming contact holes a-re set
larger than designed sizes of the contact holes in respective
directions vertical and parallel to wiring grooves for forming
second metal interconnects. Accordingty, 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 of the. p.at-
terned second silicon dioxide ftlm 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 forrningcontact holes are formed in respective
regions where the openings of the second resist pattern 560
for forming contact holes overlap with corresponding open-
ings of the mask pattern 559 for forming wiring grooves.

In addition, the size of the openings of the-second resist
pattern 560 for forming contact holes is also extended in the
direction parallel to the wiring grooves for forming second
metal interconnects. Thus, the contact area between contacts
564 to be formed later and second metal interconnects 563

(see FIG. 26(d)) expands. As a result, the contacts 564 can
connect the lirst and second metal interconnects 551 and 563

together with a lot more certainty;

Next, the secondorganic 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 asshown in
FIGS. 2601,) and 23(.-st). In this cas_c,‘tl:!f: 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 suhstanually equal rate to that of the
second resist pattern 5.60. 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
dryctching the second organicfilrn 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 second silicon dioxide film 556A

and the first-silicon dioxide film 554 are dry-etched using the
mask pattern 559 and the patterned second organic film
5551-‘it as respective‘ masks, thereby forming a pattcmed

second silicon dioxidexfilm 556B having wiring grooves and
a patterned first silicon dioxide film 554A having openings

for forming. contact holes as shown in FIGS. 2602). and
28(b). Then, the patterned second organic film 555A is
dry-etched using the mask pattern 559 and the patterned
second silicon dioxide film 556B as a mask, and the first
organic film 553 is dry-etched using the patterned first

silicon dioxide film 55-IA as a mask, thereby forming a
patterned second organic film 555B having wiring grooves
561 and a patterned first organic film 553A having contact

holes 562 as shown in FIGS. 26(c) and 2901).

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

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 he 50 nm thick, for example, on the

wall faces of the "contact holes 5.62 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 FIGS. 26(d) and 29(5).

It should be noted that -a multilevel interconnection struc-

ture may he formed by forming respective films, intercon-
nects and contacts on" the seconrl metal interconnects 563..

through the same process steps as those clescribedabove.

According to this modified example of the fifth
embodiment, the sizes of the openings of the second resist
pattern 560 for forming contact holes are set larger than
designed sizes of the contact hotes 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 pattemed
second silicon dioxide film 556A for forming cont-act holes

can be formed to be self-aligned with the openingsof 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.wh'ere 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.

In addition, the size of the openings of the second resist
pattern 560 for forming contact holes is also extended in the
direction parallel to the wiring grooves for forming the
second metal interconnects. Thus, the contact area between
contacts 564 and the second metal interconnects 5.63

expands. As a result, the contacts 564 can connect the first
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 fifth
embodiment. As shown in FIG. 36, the size of the openings
of the second resist pattern 560 for forming contact holes are.
larger than the designed size.

FIG. 37(a) illustrates respective positional relationships
between the mask pattern 559 and the second resist pattern
560 and between a first metal interconnect 551 and a contact

564 in this modified example of the fifth embodiment.

Specifically, the upper part of FIG. 37(n) illustrates a posi-—
tional relationship between an opening of the mask pattern
559 for forming a wiring groove and an associated -opening
of the second resist pattern 560 for forming a contact hole.

The middle part of FIG. 37(n) illustrates the cross section- of

the upper part taken along the line A-—+A. And the lower part
of FIG. 37(a) illustrates a positional relationship between a
first metal interconnect 551 and an associated contact 564.

FIG. 37(5) illustrates respective positional relationships
between the mask pattern 509 and the second resist pattern
510 and between a first metal interconnect 501 and a contact

514 in the-fifth embodiment. Specifically, the upper part of

FIG. 3'7(b) illustrates a positional relationship between an
opening of the mask pattern 509 for forming a wiring groove

and an associated opening of the second resist pattern 510

for forming a contact hole. The middle part of FIG. 37(_b)
illustrates the cross section of the upper part taken along the
line B—B. And the lower part of FIG. 37(b) illustrates a
positional relationship between a first metal interconnect
501 and an associated contact 514.

-Setting the size of an ripening of the second resist pattern
510 for forming a contact hole at the designed size thereof
as in the fifth embodiment, if the opening of the second resist
pattern 510 for forming a -contact hole has misaligned with

an associated opening of the mask pattern 509 for forming
a wiring groove, then the contact area (indicated by
hatching) between the contact 514 and the first metal inter-
connect 501 greatly decreases as can be seen from FIG.
37(1)). 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 wiring groove, the contact area (indicated by

hatching) between the contact 564 and the first metal inte'r~
connect 551 does not decrease so much as can be seen from

FIG. 37(n).

EMBODIMENT 6

Next, an exemplary method for forming an interconnec»
tion structure according to the sixth embodiment of the
present invention will be described with reference to FIGS.

300:) through 300:), FIGS. 31(a) through 31(c) and FIGS.

3261) through 320:).

Page 58 of 388

10

15

25

30

35

45

50

60

28

First, as shown in FIG. 30(0), 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. ’I‘he_re_after, a_ first organic. film 603 (first insu-
lating film), mainly composed of an organic component, is
deposited to be 400 nm thick, for example, on the silicon
nitride film 602, Then, a silicon dioxide film 604 (second
insulating film) is deposited to be 100 nm thick, for example,
on the first organic film 603. Subsequently, a‘ second organic
film 605 (third insulating film), mainly composed of an
organic component, is deposited to be 300 nm thick, for
example, on the silicon dioxide film 604. And a titanium

nitride film 606 (thin film) is deposited to be 50 nm thick, for

example, on the second organic film 605'.

The first and second organic films 603 and 605 may be
deposited by any arbitrary technique. For example, these
films 603 and 605 may be deposited by aplasma CV1)
process using -a reactive.-gas mainly composed of perfluo-

rodecalin. Also, hydrocarbon films or fluorine-containing
hydrocarbon Iilrns, Eomied by plasma CVD, coating or

thenual 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 polytetrafiuoroethylene, oxygen-
containing polytetrafluoroethylene, polyirnide 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 thesilicon dioxide film 604, i.c., a thin film
etched at a sufficiently iow rate (e.g., silicon nitride film),
may be used instead of the titanium nitride film 606.

Next, as shown in FIG. 30(b), a first resist pattern "607,

having openings for forming wiring grooves, is formed by

lithography on the titanium nitride film 60.6. Thereafter, the
titanium nitride film 606 is dr-y~etched usingthe first resist
pattern 607 -as a mask, thereby forming a mask pattern 608,

having openings for forming wiring grooves, out of the
titanium nitride film 606 as shown in FIG. 30(c).

Subsequently, as shown in FIG. 31(a), the first resist
pattern 607 is removed using an organic parting agenh 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(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—etche'd 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 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. Tl'lJ.lS, when the

second organic film 605 is dry-etched, the second resist
pattern 609 is also removed simultaneously.

It should be noted that part of the second resist pattern 609
may be left in the process step of d'ry~etching the second

organic film 605. This is because. the residual second resist
pattern 609 can be removed during a subsequent process

step of dryctching the first organic film 603 (see FIG.
3203)).
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Thereafter, the silicon dioxide film 604 is dry-etched
using the patterned second organic filrn 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 and the first
organiefilm 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
60513 having wiring grooves 610 and a patterned first
organic film 603Ahaving contact holes 611 as shown in FIG.
32(6).

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 6043 having wiring grooves (see FIG. 32(c)) and a
patterned silicon nitride film 602A having the contact holes

(see FIG. 32__(c)), and exposing the first metal interconnects-
60l 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 a-ny arbitrary metal. For example,
copper, aluminum, gold, silver, nickel, cobalt, tungsten, or

an alloy thereof may be used. Also, the metal filrnimay 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 60513, are removed by a- CMP technique, for
example. As a result, 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 wiringgrooves 610 and the contact holes

611 can be formed (luring the same etching process step.
Accordingly, a dual damascene structure can be formed with
the increase in number of processsteps suppressed.

Also, in the sixth embodiment, since the first resist pattern
607 is removed by anorganic parting agent, for example, the
quatity 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 EMBODIMENT 6

Next, a method for forming an interconnection structure
according to a modified example of the sixth embodiment
will be described with reference to FIGS. 33(a) through

33(c), FIGS. 3-'-l(c) through 34(c) and FIGS. 350:) through
35(c).
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First, as shown in FIG. 3601), 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. ’I‘he_re_a1‘ter, 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 aplasma CV1)
process using -a reactive.-gas mainly composed of perfluo-

rodecalin. Also, hydrocarbon films or fluorine-containing
hydrocarbon Iilrns, 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 polytetrafiuoroethylene, oxygen-
containing potytetrafluoroethylene, polyirnide fluoride or
polyaryl ether.

The silicon dioxide film 654 may also be deposited by any
arbitrary technique. For example, the film 65.4 may be
deposited by a plasma CVD process.

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

Next, as shown in FIG. 33(b), a first resist pattern "657,

having openings for forming wiring grooves, is formed by

lithography on the titanium nitride film 656. Thereafter, the
titanium nitride film 656 is dry-etched usingthe first resist
pattern 657 -as a mask, thereby forming a mask pattern 658,

having openings for forming wiring grooves, out of the
titanium nitride film 636 as shown in FIG. 33(c).

Subsequently, as shown in FIG. 34(rr), 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 of the sixth embodiment, the sizes of the openings
of the second resist pattern 659 for forming contact holes are
set larger than designed sizes of the contact holes in respec-
tive directions vertical and parallel to the wiring grooves for
forming 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 fonning a patterned second organic film 6551-‘t
having openings for forming cont-act holes as shown in FIG.
3'4(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
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 berrernoved during a
subsequent process step of dry-etching the first organic film 5
653 (see FIG. 35(b)).

'Il:|er'eafter-, the silicon dioxide film 654 is dry-etched
using the patterne.d "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(n). '

Then, the patterned second organic film 655A and the first
organic film 653 are dry-etched using the mask pattern 658
and the patterned silicon dioxide 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(6).

Subsequently, the patterned silicon dioxide film 654A and
the silicon nitride film 652 are dry—etched using the mask
pattern 65.8 and the patterned first organic film 653A as
respective masks, thereby forming -_a patterned silicon diox-

id_e film 654B having wiring grooves (see FIG. 35(c)) and a
patterned -silicon nitride film 652A having the contact holes

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

651 within the contact holes 661. Then, although not shown,
an adhesion layer, made of titanium nitride, is deposited to
he 50 nm thick, for example, on the wall faces of the contact
holes 661 and the wiring grooves 660 as in the first emhodi»
ment. Therea-fter, 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 ernbodirnent, the

metal film may be made of any arbitrary metal. For example,
copper, aluminum. gold, ‘silver, nickel, cobalt, tungsten, or

an alloy thereof may he used. 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‘ CM]? technique, for

example-. As a result, second metal interconnects 662 and
contacts 663, connecting thefirst and second metal inter~
connects 651 and 662 together, are formed as_ shown in FIG.
35(c).

It should be noted that a multilevel interconnection struc»

ture may be formed by forming respective films, intercon-
nects and contacts on the second metal interconnects 662

through the same process steps as those described above.

In this modified example of‘ the sixth embodiment, the

sizes of the-openings of the second resist pattern 659 for 50

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 selE~aligned with the openings of the mask
pattern 658 for forrning -wiring grooves. This is because the
openings of the patterned second organic film 655A for
forming contact holes -are formed in respective regions
where the openings of the second resist pattern 659 for
forming contact holes overlap with corresponding openings
of the mask pattern 658 for forming wiring grooves.
Accordingly, the "connection between the contacts 663 and
the second metal interconnects 662 is ensured.
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In addition, the size of the openings of"the second resist
pattern 659 for forming contact holes is also extended in the

direction parallel -to the wiring grooves for forming second
metal interconnects. Thus, the contact. area between the
contacts .663 and the second metal interconnects 662

expands.

As a result, the contacts 663 can connect the first and

second metal interconnects 651 and 662 together with a lot
more certainty.

What is claimed is:

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

a) forming a first insulating film over lower—1eve1 metal
interconnects;

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

c) forming a third insulating film, having a dilferent
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; '

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

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

h) dry-etching the third insulating film under such con-

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

i) dry—etching the seoo_nd insulating film using the pat-
terncd 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 etclied at a relatively low rate, thereby pat.~

terning the second insulating film to have the openings
for forming contact holes;

j) d'ry~etching the third and first insulating films using‘ the
mask pattern and the patterned second insulating film

as respective masks under such conditions that the first
and third insulating films are etched at a relatively high
rate and that the mask pattern and the second insulating

film are etched at a relatively low rate, thereby forming
wiring grooves and contact holes in the third and first
insulating films, respectively; and

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

a metal film, thereby forming upper-level metal inter-
connects and co.ntact's connecting the lower and upper

level metal interconnects together.
2. The method of claim 1, firrther comprising the step of

forming a metal adhesion layer ever 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).
3. The method of claim 1, wherein the third insulating film

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

reactive gas containing perfluorodecalin.
5. The method of claim 3, wherein" the first insulating film

is mainly composed of an organic component.
6. The method of claim 5, further comprising the step of

forming an adhesion layer over part of the third insulating
film exposed inside the wiring grooves and part of the first
insulating film exposed inside the contact holes by a pl-asrna

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 CV!) process using a
reactive gas containing perfluorodecalin.

S. 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 diiferent

coniposition 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 insulating
film, the second resist pattern having_ openings for

forming contact holes;

h_)dry~etChi1:tg 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, there_by patterning the ‘third insulating 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 insulatingfilms and
the first and second resist patterns are etched at a
relatively low rate, thereby patterning the second insu-
lating film to have the openings for fonning 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 fonning

wiring grooves and contact holes in the third and first
insulating films, respectively; and

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

9. The method of claim 8, wherein the third insulating film
is a lowdielectric-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 of the first insulating film, over
the first insulating film;

C) forming a third insulating film, having a diiferent
composition than that of the second insulating film,

over the second insulating film; \
cl) forming a fourth insulating film, having a diiferent

composition than that of the third insulating film, ove-r
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 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;

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

lr) 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
patterned second insulating film as respective masks,
thereby forming the wiring grooves and the contact

‘holes in the patterned third insulating film and the first
insulating film, respectively; and

tin) filling in the wiring gooves 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.

]_1. 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 designed size of the contact holes in a
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»lcvel metal
interconnects;

b)‘ forming a second insulating film, having a diiferent
cornposition than that of the first insulating film, over
the first insulating filrn;

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) forming a first resist pattern on the thin film, the first

resist pattern having openings for forming wiring
grooves;

I) 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
'mas_kpattern, tt1e.seco._nd 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-

ingtthe second insulating film to have the openings for
forming contact holes;
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j) dxyetching the patterned third insulating film and the
first insulating filrn using the mask pattern and the
patternedsecond insulating film as respective ma'sks,.

thereby forming wiring grooves and Contact holes in

the patterned third insulating film and the first insu1at~
ing film, respectively; and

Ir) filling in the wiring gooves 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. I
14. The..n:tethod of claim 13, wherein at least one of the

that and third insulating filrns is mainly composed of an
organic component.

15. The method of claim 13, wherein a of the

15 openings of the second resist pattern for forming Contact
holes is larger than a designed size of the Contact holes ina
direction vertical to a direction‘ in which the uppcr—1e.ve1
metal i.nterc'onne.cts extend.

F8 3|‘ ‘F I! 1|!



 

            

    

   

  

     

 
  

      

         
             

      

  
     

  
  

  

    

 
                        

       

 
 

Page 63 of 388

BEST COPY

Q

., ' J
. . \I; “ '2‘ .I “ I

‘CLASS < * _~G‘fiouP ART u~n' AFTDHNEYV DOCKET NO.

.5.216.' E" - 1763 ‘ ”’ .6e19—226

SEWALNUMBER  
 

  

.'HUflqEATE

"- O3/23/99
 
 

 
 

‘o9/274,114_   
NOBUO AOI, HYOGO, JAPAN.

' APPLICANT
¥*cONIINUINc DOMESTIC DATA?*t**?r*¥*********#*#V\0?\€, x
VERIFIED‘ ' ' I ' ~

._ iv/SteJ3/1'-E. A
*,k371‘(NA'-]'_uL STAGE) mu-Art**;k**-her-kt-Iiww-I&*****nan--e I I. "
VERIFIED ‘ ' ' - ' ‘ ~- '

.55‘ :5, %

**FoREIGN AppLICATIoNsfi****§*f***# I H‘ 4 "f ‘ ‘I

<zEREEEE§5 JAPAN" .Io—o79371 ~*v o3j2s;9e~
a*- . « ', M A A ' A E

i+dJizC§

 
-IF REQUIRED, FOREIGN EILINO LICENSE GRANTED O4/13/99,

  
 

 
 
 

‘INDEPENDENT 
  
 
 

 
 

 
   

 
 
     

Foreign Priority qlaimed ‘ Ii «’ s Dno , _ . _» STATE OB SHEETS 4. .35 U C 119 (a-d) conditions met - s [jno EIMat after Allowance COUNTRY DRAWING CLAIMS

Verified and Acknowledged 5 - . E‘ ' ‘ JPX 37 4.V v . ' 3?31i1ifiY3T31fiTliIfl : I - . » .

GERALD J FERGUSON JR . .

SIXBEY FRIEDMAN LEEDOM & FERGUSON ’
M 8180 GREENSBORO DRIVE A

SUITE 800 ‘
MCLEAN VA 22102

ADDRESS

 
 

METHOD FOR FORMING INIEROONNEOIION STRUCTUEEE . f"

TWLE

 
 

 

 
FILING FEE
RECEIVED

  FEES: Authority has been given in‘ 4P'aper4~ A
No». I : _ to charge/credit DEPOSIT ACCOUNT

NO. E » _ I . . for the "following:

 
 

! 1.16 Fees (Filing)
'1.1'7 Fees (Processing Ext. Of time)

I 1.18 Fees (issue) '
C] Other

[:I Credit

 

 
  

"Page 63 Of 333



   

   
   

  

   

 
 

 
 

  

Page 64 of 388

PATENT APPLICATION s_ER1AL.NO_.

U.S. DEPARTMENT OF COMMERCE
PATENT ‘AND TRADEMARK OFFICE

FEE RECORD SHEET-
 

" 04/01/1999 FALLEN A 00000052 09274114 0

o1-rcuo: R .. 7eo.oo on
as: rcnoe » . 73.00 on -

PTO-1556

(5/87)

'U.S.' GPO: 1998433-2014180404

' Page 64 ofsss



 
                

       
                         

    

        

      

            

     

             

      
        

     
    

    
    

      
   

   
    
      

 

   
        
       

      
          

     
   

     
   

     
     

           
         
          

         
      

 

      

      
   
     
        
        

  

      
          

    
      
         

 
   

     
   

          
     

      
    

  

            
            

 

                  
             

     

  

              

        

   
      

     
      

       

      

    
                            

                           
                 

 

 

 

 

Page 65 of 388

_ . _ _ _ ‘ PTOISBl05 (1/es)
‘ Please type a plus Sign t+) inside this box -' + Approved for use through 09r3o/2000. OMB 0651-0032

L — Patent and Trsdernartt Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of.i995, no persons are required to respond to a collection of information unless itdisplaysa valid OMB controlnumber.

UTILITY 
 

 

 

 
 

 
 

  
 

 

  
  
 

 
 
 

  

 
 

 

 

 
 

 

. -‘ 0

' , P P N First Inventor or Application Identifier: Nobuo A _Ol . i E E‘ , wk 1

Title: METHOD FOR FORMING INTERCQNNECTION STRUCTURE :3‘;. tr §

(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Ma,-, Labs, Na ‘ I‘ 3<1:
5 8\is

APP[_|CAT|ON ELEMENTS Assistant Commissioner for Patents in
. See MPEP chapter 600 concemlng utility patent application contents. ' \B,(,?5,':i:tg°‘:tnfg':';B°';‘;: ,9, §Q. :

 1. [X] Fee Transmittal Form (e.g., PTO/SBI17)
(Submit an original, and a duplicate for fee processing)

2. [X] Specification ‘ Total Pages [91]
' (preferred arrangement set forth below)

- Descriptive title ot the invention
- Cross References to Related Applications
- Statement Regarding Fed sponsored R & D
- Reference to Microfiche Appendix
- Background of the Invention
- Brief Summary of the invention
- Brief Description of the Drawings (if filed)
- Detailed Description

6. [ ] Microfiche Computer Program (Appendor)

 
 

 
 

's‘neoaofl
7. Nucleotide andlor Amino Acid Sequence Submission

(if applicable, all necessary)

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

66/92/Eli llllllll||||llllllllllllllllllllllllllI  
 

 
 

Old

  
 
 

 
 

  
 

 
 
 
 
 
 
 
 

ACCOMPANYING APPLICATION PARTS 

 

 
 
 
 

 

 

 
 

 
 
 
 
 

  
 

- Claims) 8. [X] Assignment Papers (cover sheet & document(s))
_- Abstract of the Disclosure 9. [ ] 37 CFR 3.73(b) Statement ’ [ ] Power of Attorney

3. [X] Drawlng(s) (35 USC 113) Total Sheets [37], (when there Is an asslgnee)
4. [X] Oath or Declaration Total Pages [2] 10. [ ] English Translation Document (if applicable)

a. [X] Newly executed (original or copy)
in. [ ] Copy from a prior application (37 CFR1.63(d))

(for continuation/divisional with Box 17 completed)
[Note Box 5 below]

i. ( ] DELETION OF lNVENTOR(Sl
Signed statement attached deleting
inventor(s) named in the prior application,
see 37 CFR 1.63(d)(2) and 1.33(b).

5. [ ] Incorporation By Reference (useable if Box 4b is checked)
The entire disclosure of the prior application. from which a
copy of the oath or declaration is supplied under Box 4b.

1 is considered to be part of the disclosure of the
accompanying application and is hereby incorporated by
reference therein.

11. [ ] Information Disclosure Statement ( ] Copies of IDS
(|DS)lPTO-1449 Citations

. [ ] Preliminary Amendment «
13. [X] Return Receipt Postcard (MPEP 503)

(Should be specifically itemized)
14. [’] ‘Small Entity [ ] Statement filed In ptior application,

Statement(s) Status still proper and desired
(PTOISBIO9-12)

15. [ ] Certified Copy of Priority Document
(if foreign priority is claimed)

16.[ 1 Other:

     
 
 
 

   
  
  

 

  

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

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

Prior application information: Examiner: V A . .AGroup/Art L_Jnit:

‘_ g 18. CORRESPONDENCE ADDRESS .

[ | Customer Number or Ber Code Label

  
  

 
  
  
 
 

  

or ( X ] Correspondence address below

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

  
Name: Eric J. Robinson
Firm: SIXBEY, FRIEDMAN. LEEDOM at FERGUSON, P.C.
Address: 8180 Greensboro Drive, Suite 800
City: McLean State: VA Zip Code: 22102
Country: U.S.A. Telephone (703) 790-9110 ‘; _ FAX (703) 883-0370  
 

 Name: Eric J, Robinson I , ‘_ I _ __ _ A _ Registration No.3B,2B5

Signature 5 v Date: March 23. 1999
u an our a emen: IS arm is as me e o a 0 . ours ocomp eta. ime WI very epening upont 3 mass 0 sin viua case. ny commen s on 9 amoun
oi time you are required to complete this form should be sent to the Chief int nnetlon Otllcer, Patent and Trademark Office. Washington, DC 20231. DO NOT SEND FEES
OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Box Patent Application, Washington, DC 20231.

3 . vr'v'rr:vt.‘.I..:.u:£a’1 . .. -. < .

Page 65 of 333



 
                

       
                         

    

         

       

            

      
             

  

            
        

            
        

          
             

               
   

   
    
         

 
        
               

             
               

                 
            

          
          

         
               

           
      

                   
              
              

         
      

              
            

 

                  

            
     

  

              

        

   
      

     
      

       

      

     
                             

                           
                 

  

Page 66 of 388

PTOISB/05 (1/98)

Please type a Plus sign (+i inside this box - E Approved for use through oeraorzooo. OMB 0651-0032Patent and Trademark Office: u.s. DEPARTMENT OF COMMERCE

Under the Papenrvork Reduction Act of 1995. no persons are required to respond toa collection of information unless it dispiaysa valid OMB control number.

UTILITY
PATENT APPLICATION

TRANSMITTAL
(Only for new nonpmvlsional applications under 37 CFR 1.."r3(b)) _

Anistant Commissioner for Patents

ADDRESS TO:

 
 

 

 
 

 
  

 
 
 
 
 
 

 
 
 

 
 
 

 
 APPLICATION ELEMENTS

see MPEP chapter 600 concerning utility patent application contents.’

   

  

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

in

Box Patent ApplicationWashington. DC 20231
  

 
1. [X] Fee Transmittal Form (e.g., PTOl5Bl17)

I (Submit an original. and a duplicate for fee processing)
2. [X] Specification Total Pages [91]

(preferred arrangement set forth below)
- Descriptive title of the invention
- Cross References to Related Applications
- statement Regarding Fed sponsored R a D
- Reference to Microllche Appendix '
- Background of the invention
- Brief Summary of the Invention
- Brief Description of the Drawings (if flied)
- Detailed Description
- Clalm(s)
- Abstract of the Disclosure

3. [X] Drawing(s) (35 USC 113)
4. {X1 Oath or Declaration

a. [X] Newly executed (original or copy)
b. [ ] Copy from a prior application (37 CFR 1.63(d))

(for continuation/divisional with Box 17 completed)
[Note Box 5 below]

i. ( ] DELETION OF lNVENTOR(S)
Signed statement attached deleting I
inventor(s) named in the prior application.
see 37 CFR 1.63(d)(2) and 1.33(b).

5. [ ] incorporation By Reference (usaable if Box 4b is checked)
The entire disclosure of the prior application. from which a
copy of the oath or declaration is supplied under Box 4b.
is considered to be part of the disclosure of the '
accompanying application and is hereby incorporated by
reference therein.

6. r[ 1 Microfiche Computer Program (Appendix)

 
 
 
 
 

 
 
 

  
 

 
 
 

 
 
 

 
 

  
 

7. Nucleotide andlor Amino Acid Sequence Submission
(if applicable. all necessary)
-a. [ } Computer Readable Copy

_ b. [ ] Paper copy (identical to computer copy)
c. [ 1 Statement verifying identity of above copies

ACCOMPANYING APPLICATION PARTS
B. [X] Assignment Papers (cover sheet & document(s))
9. [ ] 37 CFR 3.73_(b) Statement [ 1 Power of Attorney

(when there is en assignee) _
10. i ] English Translation Document (if applicable)

- 11. [ ] information Disclosure Statement [ 1 Copies of IDS
' (lDS)lPTO-1449 Citations

12. [-1 Preliminary Amendment
13._ [X] Return Receipt Postcard (MPEP 503)

(Should be specifically itemized)
14.[ ] ‘Small Entity [ ] Statement filed in prior application,

' Statement(s) Status still proper and desired
(PTOISBI09-12)

15. [ ] Certified Copy of Priority Document
T (if foreign priority Is claimed)

16.[ ] Other:

 

 
 
 Total srreers [371

Total Pages [2]
 
 
 
 
 
 
 
 
 

 
 

 

  

  

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

17. if a CONTINUING APPLICATION. checlr appropriate box, and supply the requisite information below and in a preliminary arnendrnenl:

[ ] Continuation [ ] Divisional [ I Continuation-in-part_ (ClP) of prior application No.
Prior ‘application lnforrnation: Examiner: - » GrouplArt Unit:

18. CORRESPONDENCE ADDRESS
  

 

 
 
 

 

[ lcuaiomer Number or Bar Code Label or I X 1 Correspondence address below
 

 
 

 

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

   

  

 

. Eric J. Robinson '
Firm: SIXBEY. FRIEDMAN. LEEDOM & FERGUSON. Pic.
Address: 8180 Greensboro Drive. suite aoo '
City: Mcl.een State: VA4 _ Zip Code: 22102
Country: U.S.A. Telephone (703) 7903110 FAX (703) 883-0370
   

  Date: March 23. 1999

. . curl ocompee. Ime WI vary opening upon eneeso or Ivrua case. - ycommanson eamount
of time you are required complete this fonn should be sent to the chief in! rrnetion Oflicer. Patent and Trademark Olflce. Washington. DC 20231. 00 NOT SEND FEES
OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner tor Patents, Box Patent Application. Washington. DC 20231.

  
 

 

Page 66 of 333

lillllitllaliIllililtliltjlilllllllll



 
      

       
                        

  

   

    
         

              
        
          

  

        

  
       

   

       
               

    
            
               

   
                 

       
                   

        
   

           
          

         
         
         

           

             
          

               
           

                        

             

               
                             

         
       
       

                 
               

             
      

                  
       
     
             

           
          
       
         

                   

     

   

     

     
  

                         
                          
                  

Page 67 of 388

 

PTOISB/17 (1/98)
Approved tor use through 09l30l2000. OMB 0651-0032'

. _ Patent and Trademark Ottice: U.S. DEPARTMENT OF COMMERCE
Under.«:ha Paperwork Reduction Act ot 1995, no persons are required to respond to a collection of lntormetion unless it displays a valid OMB control number.

1
—

—
Group An uni —

TOTAL AMOUNT or PAYMENT‘ sa7a.oo - Attorney Docket Number 0819-228 .

FEE CALCULATION (continued)

  

 
  

 
 

 
  

 
 
  
 

 
 
  

 

  FEE TRANSMITTAL

 
 

 
 

 

Patent fees are subject to annual revision on October 1.
These are the fees effective October 1, 1997. Small Entity
paymentsE be supported by a small entity statement,
otherwise large entity fees must be paid. See Forms
PTO/SB/09-12.

 

 
 

 

  METHOD OF PAYMENT (check one) 3. ADDITIONAL FEES
Large Entity -Small Entity

  
Fee Description

  1. [X] The Commissioner is hereby authorized to charge indicated tees and
credit any over payments to:

Deposit Account No. 19-2380
Deposit Account Name: SIXBEY. FRIEDMAN. LEEDOM at FERGUSON, PC
 
  
  

  
  
 

 
 

  

  
 
 

 
 
 
 
 
 
   

 

Surcharge-late tiling tea or oath
Surcharge-late provisional filing
tea or cover sheet
Non-English specification
For filing a request
tor reexamination

 

 [X] Charge Any Additional Fee Required Under 37 CFR 1.16 and 1.17

 
 

[ ) Charge the issue Fee Set in 37 CFR 1.18 at the Mailing ot the Notice ot

 

  
 
 
 
 

Awwance Requesting publication ot SIR
prior to Examiner action

2_ [X] payment gncmed; Requesting publication or SIR
[X] Check 1 1 Money Order 1 ) Other filial’ Examiner flCii°nExt tor reply within first month

Ext tor reply within second mth
Ext for reply within third mth
Ext for reply within lourth r_'nth
Ext tor reply within iitth month
Notice of Appeal

 

 
  

 
  
 
 
 
 
  

FEE CALCULATION  

    

1. BASIC FILING FEE
Large Entity Small Entity
   
    
  
  

Fee Fee Fee Fee Fee Description ' Fee Paid ::::°:T::”‘%:m:':i::pp°a'Code (s) Code is) . . . .

101 no 201 aso Utility tiling tee 17eo1 ‘;"i_"c"a‘;';:a'“""“‘° "“”"° “‘°
106 i 310 206 155 Dam" “"9 19° ( 1 Petition to revive-unavoidable107 480 207 240 Plant tillngtee [ I . . . . .

108 760 20a aao Reissue tiling tea 1 1114 150 214 15 Provisional filing fee 1 1 V Design Issue tee
Plant issue tee
Petitions to the Commissioner
Petitions related to provisional
applications
Submission of IDS

 
  SUBTOTAL (1)

 
  
 
 
 

 
 
 

 
  
  

 

 2. EXTRA CLAIM FEES Extra Claims Fee trom Below Fee Paid

 
 
 
 
 

   
 
 

Total Claims 15 - 20'' = o x ste.oo = Recording each patent
independent Claim 4 - 3“ I 1 X $78.00 = 873.00 aulgnment per property (times
Multiple Dependent Clalna I number oi properties)

Filing a submission alter final
rejection (37 CFR 1.129(a))
For each additional Invention to
be examined (37 CFR 1.129(b))
Other
Other

 
"or number previously paid. It greater. For Reissues. see below

Large Entity Small Entity V
Far: Far: Fee Fae Fee Description
Code (3) Code (3) '
103 tit 20:) 0 Claims In excess oi 20
102 78 202 39 Independent claims In excess or 3

'' I04 260 204 1110 Multiple dependent claim
109 73 209 JD "Reissue Independent claims over original patent
no 15 210 9 "Reissue claims in excess ol 20 and overorlgtnal patent

 
 
 

  
 
 
   

 

 

 
 

  ‘Reduced by Basic Filing Fee Paid
  

  

  
 

SUBTOTAL (2)
 
  

$78.00

SUBMITTED BY _ ‘ I .

Typed or Printed
Name

SUBTOTAL 131

 
 

 

Complete (if applicable) _

Reg. Number 38,285

Deposit Account _ 19-2380
User ID

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

 
Eric J. Robinson

 

 

 

.‘,.‘.Jt7E.:§.'.l::bl.Z4!-li<-' ' _. v —» 

Page 67 of 333



        

 
      

       
                

  

   

    
         
              

        
          

  

        

  
       

   

       
               

    
            
               

   

                 
       

                   
        

   
           

          
         
         
         

           
             

      
             
               
            

        
               
               
                 
               

         
       
       

                 
              

            
     

                  
       

                 

            
         
       

         
                   

     

    

        

      
    

                         
                          

                  

Page 68 of 388

PTOISBI17 (1/ea)
Approved for use through O9r.i0f2000. OMB 0651-0032

Patent and Trademark Oflica: U.S. DEPARTMENT OF COMMERCE

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

A Complete If Known _

   
 

 FEE TRANSMITTAL

 
 

 

  
 

 

 
 

  

 
 
 

Patent less are subject to annual revision on October 1.
These are the less eflective October 1, 1997. Small Entity First Named Inventor Nobuo AOI
payments must be supported by a small entity statement, '

PTO/SB/D9-12.

TOTAL AMOUNT OF PAYMENT 5070,00 Attorney Docket Numtier 0019-226
 

 
 

FEE CALCULATION (continued)
3. ADDITIONAL FEES

Large Entity Small Entity
 METHOD OF PAYMENT (check one)

 

 
 

 
 

 
 

 

 

 
Fee Description

  
1. [X] The Commissioner is hereby authorized to charge indicated tees and

credit any over payments to: \
Deposit Account No. 15-2380 _ '
Deposit Account Name: SIXBEY, FRIEDMAN, LEEDOM & FERGUSON. PC

  
   

 
  
  

 
  
  

   

   
  
 
 
 
  

Surcharge-late filing tee or oath
~ Surcharge-late provisional filing

tea or cover sheet
Non-English specification
For filing a request
for reexamination
Requesting publication at SIR
prior to Examiner action
Requesting publication at SIR

i alter Examiner action
Ext for reply within first month
Ext tor reply within second mth
Ext tor reply within third mth
Ext tor reply within tourth mth
Ext tor reply within filth month
Notice oi Appeal
Filing briet in support ot appeal

- Request lor Oral Hearing

 
 

 [X] Charge Any Additional Fee Required Under 37 CFR 1.16 and 1.17
 
  
 

[ 1 Charge the issue Fee Set in 37 CFR 1.18 at the Mailing ot the Notice 01
Allowance

 
 

 

  
2. [X] Payment Enclosed:

[X] Check [ ) Money Order [ ] Other 

 
 

  
  

 
 
 
 
 
  
  

FEE CALCULATION
1. BASlC FILING FEE

Large Entity Small Entity
Fee Fee Fee Fee Fee Description Fee Paid  

 
 
 
 
 
  
 

  

  
 
 
 
 
 
 

 
 
 
 

Code (5) Code (5) .. . . .

101 150 201 3130 Utility tiling tee [7501 Pr‘:“c:°e';::g'"“"“‘° °“'°"° “"
106 310 206 155 Design fllingtee 1 1 game” mivwmomm
107 48° 207 240 P‘a.mmmg.'°° I 1 Petition to revive-unintentional
1013 760 205 3210 Retssuefiirngtee t I Um mumetomuuel
114‘ 150 214 15 Provisional filing tee t 1 De ism M ‘' Plant issue tee

SUBYOTAL m . 3760'“, L Petition: to the Commissioner
Petitions related to provisional

  
  

 
 
 
 

  
 
 
 
 
 

 
 
 

applications
2. EXTRA ctAtM FEES am claims Fee lrorn asiovr Fee Psld Submission at IDS

Total Clsirru 15 . zo- - o x s1s.oo - Recording each patent
indspsndentclsirm 4. ~ 3"- t X $70.00 I 870.00 assignment per property (time;
Multiple Dependent clslrm - number at properties)

Filing a submission alter final
rejection (37 CFR 1.129(a))
For each additional invention to
be examined (37 CFR 1.129(b))
Other
Other

 
"or number previously paid. it greater. For Reissues, see Below

Lugs Entity Smell Entity
Fee Fae Fee Fss Fee Osscttptlen
Code (8) cede (S)
103 10 20: 9 claims in sscasset 20 ’
102 70 202 30 independent claims in sunset 3
104 260 204 1:0 Muttipte dependent claim
10!! 13 200 y 30 ' “Reissue independent claims everenoinsl patent
110 1a 210 9 "Reissue claims in closes at 20 and ever original potent

  
 
 
 
 

 
 
  

 

 
  

   

 
  

‘Reduced By Basic Filing Fee Paid

 
  
 
 

SUBTOTAL (3)'

SUBMlTTED BY

Typed or Printed
Name

SUBTOTAL (2) $78.00

Eric J. Robinson

 
 

 

  
Reg. Number 38,285

Date March 23. Deposit Account 19-2380

’ 1999 User ID .

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

  

It ; ,-:».-r-~uan=nu»-m;m.

-#% nfsss .7

Complete (if applicable)



    

   

         

       

        

      

        

          

      

      

       

        

          

     

         

       

   

        

       

         

        

         

       

Page 69 of 388

 

5

10

20

25

METHOD FOR FORMING INTERCONNECTION STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to a method for forming an

interconnection structure in a semiconductor integrated cir-

cuit.

As the number of devices, integrated within a single

semiconductor integrated circuit, has been tremendously in-

creasing these days, wiring delay has also been increasing

noticeably. This is because the larger the number of devices

integrated, the larger line+to—line capacitance (i.e., para-

sitic capacitance between metal interconnects), thus interfer-

ing with the performance semiconductorimprovement of a

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 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

‘ 'Page‘69 of 338
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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

it is concerned thatwiring delay considerably. Therefore,

10 even the use of copper as an alternate metal interconnection

15

20

25

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

A silicon dioxide film ihasthe line-to-line capacitance.

heretofore been used as a typical material for an interlevel

/‘*5
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insulating film. The relative 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 increases, or the SiOH groups react with the water

during a heat treatment ‘to release Ego gas. In addition,

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

.con dioxide film, segregate near the surface thereof during a

3
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1

heat treatment and react with Ti, contained inia TiN layer

formed thereon as an adhesion layer, to form a TiF film,

which easily peels off.

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

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

film. In the HSQ film, the number of the H atoms is about

two—thirds of that of the O atoms. However, the HSQ film re-

leases a larger amount of water than a conventional silicon

dioxide film. Accordingly, since it is difficult to fonn 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.‘ A

An organic polymer film, as well as the low—die1ectric—

constant SOG film, cannot adhere strongly to metal intercon-

Page 72 of 333
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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 gsuch 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

25 film, because the organic polymer film cannot adhere strongly

Page 73 of 333 4' '
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~metal interconnects decreases.

to the metal interconnects. However, since the TiN film has

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

Consequently, the intended

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

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,

6/]
w: '.v:g:g.\~ e-:v.~. .
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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 reé

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 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 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 rate and 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—

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

gether.

In the first method of the present invention, the third

insulating film is dry-etched under such conditions that the

third insulating film and the first and second resist pat-

terns are etched at 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).V 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

Pagel60f38$g 4i_ M I , _, —~—w~——~—————“—————“‘—
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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 filnl 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,

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. I

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.

. ..~»»..-.1-.-..;.......‘—..u.a-_,.w....¢w..
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In this embodiment,l 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~

the conditions employed jxx thetainty. At the same time,

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 realised 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).

Page78 0f388 ’ 7' r h __
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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 perfluorodecalin.

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 thin/film to have the openings for
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forming wiring grooves; g) forming a second resist pattern,

having a plurality of openings for forming contact holes, on

the third insulating film; h) dry-etching the(third insulat-

ing film using the first and second resist patterns as a mask

under such conditions that the third insulating film 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 asva 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 first insulating films, respectively; and l) filling

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

12
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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 pgroovesv and ‘contact holes in the third and
first insulating films, ‘respectively. Accordingly, low-

dielectricfconstant 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.

.»--.................—..—......._.....‘.I _
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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

14 ..__=.-us -.r
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forming contact holes; j) dry-etching ‘the third insulating

film using the patterned fourth insulating fihn 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; l) 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 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 j).
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‘result,

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. Asba

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
u

Page 34 of 333



         

       

          

        

   

       

         

        

         

         

         

         

        

           

          

        

          

            

         

           

         

        

        

         

          

   

Page 85 of 388

 
 

10

15

20.

25

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

F.

.' "u.:-.:::am==:::4.p.:.==s.~.-m -; 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 insulate

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—1evel metal interconnects together.

In the fourth method of the present invention, the second

insulating film exists on the first insulating film during

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

ingly, the first insulating film is not damaged. Thus, low-

dielectriceconstant insulating films, which would otherwise

be damaged easily by oxygen plasma or dry etching, can be

used as the first and third insulating films. Asia 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

.,,.‘,,...,. ....-............_..-...___,,...... . .
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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

5 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, 
10 the openings of the patterned third insulating film for form-

*f 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 
H 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.

20

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

25 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-

5 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-

10 tion structure of the first embodiment.

Figures 5(a) through 5(c) are cross-sectional views il-

lustrating the problems caused by the Inisalignment of ‘the

second resist pattern during the process of forming the in-

terconnection structure of the first embodiment.

 
15 Figures 6(a) through 6(c) are cross-sectional views il-

lustrating-the problems caused by the ndsalignment 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-

20 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-

25 lustrating the measures to solve the problems caused by the

20*? Q
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misalignment of the second resist pattern during the process

of forming the interconnection structure of the first embodi-

ment.

iFigures 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 viewsp

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 according to 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 of the third embodiment.

Figures 14(a) through i4(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 39 of 3'33
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connection structure according to a modified example of the

third embodiment.

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

illustrating respective process steps for forming the inter-

connection structure of the modified example of the third em-

bodiment.

Figures 17(a) through l7(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

‘, .1: .w 4un;:. ‘ ~
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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-

connection structure 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

23 ‘/27’ H\../
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'structure in the modified example of the fifth embodiment.

Figures 3o(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

5 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~sectiona1 views

10 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

1S sixth embodiment.

Figure5_34(a) through 34(c) are cross—sectional views

illustrating respective process steps for forming the inter-

'connecti0n structure in the modified example of the sixth em-

bodiment.

20 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-

25 tionship between the openings of-a mask pattern for forming

(.1 ' /->
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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

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

through 3(c). M

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 interconnects 101 during a subsequent etching

process step. Thereafter, a first organic film 103 (first in-

2s-/,?{ ,..‘
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sulating film), mainly composed of an organic component, is

formed to be llzm 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. Then, a second organic film

105

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 Vmainly 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

~ .~:.~.-.e:::.=.-:u—.g—..-gamma‘: -
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instance, the film 104 may be deposited by a CVD process us-

ing a reactive gas mainly composed of phenyltrimethoxy silane.

In such a case, an organic—containing silicon dioxide film

104, having a structure in which a phenyl group bonded to a

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

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

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 1(c).

Subsequently, a second resist pattern 109, having open-

ings for forming contact holes, is formed by lithography on

the second organic film 105 without removing the first resist

pattern 107. Then, the second organic film 105 is dry¥etched,

thereby forming a patterned second organic film 105A having

the openings for forming contact holes as shown in Figure 2(a).

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

.1
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and second resist patterns 107 and 109 are all mainly composed

gof 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 second resist pat-

tern 109 may be left in the process step of dry—etching the

second organic film 100. 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

_ . .. .. -.........,__......._............ .......
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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 i113 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. VAs a

.§c,7§r uL~..u<.~;.- ‘ v
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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-

the film 104 can betroduced into silicon dioxide. Thus,

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

‘relative dielectric constant of the film 104 is as low as

that of the conventional CVD oxide film. In addition, the

film 104.can adhere strongly to organic film, oxide film and.

metal film.

After the mask pattern 108 has been formed out of the

titanium nitride film 106, the second resist pattern 109 is

formed without removing the first resist pattern 107, and the

first and second resist patterns 107 and 109 are removed

while the second organic film 105 is dry—etched. Thus, it is

no longer necessary to ash and remove the first and second

resist patterns 107 and 109 with oxygen plasma. That is to

. x-.:,;:.w-.u.-nu-..u.=..u.n. 2.... 1
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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. 0

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

~'.‘*':r:v-3-1-v'-r: r.7.x-we-.-.'-2-*:*
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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

111m 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-

is formed to be 400 nm thick,ganic component, 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),

107, having openings for forming wiring grooves, is formed on
t
J

the titanium nitride film 106.: Thereafter, the titanium ni-

tride film 106 is dry—etched using the first resist pattern

107 as a mask, thereby forming a mask pattern 108 out of the

titanium nitride film 106 as shown in Figure 4(c).

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-

' :::r,537 nL.':,-- v,_ .
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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.

vThen, 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 film and the mask pattern 108, which are

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

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 hy the misalign-

ment of the second resist pattern 109.

First, a second resist pattern 109, having openings for

forming contact holes, is formed through the same process

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

25 through 4(c) and Figure 5(a). In this case, the second re-

i . , 1.:4.;Lu r.,-:.-.- 1 x
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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

Page 103 of 388
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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

Page 104 hr 333
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faces of the contact holes 110 and the wiring grooves 111.

Thereafter, a metal film is deposited over the entire surface

of the substrate and respective portions of the adhesion

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

deposited on the patterned second organic film 105A, are 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 nut thick, for example, over first

metal interconnects 201 formed on a semiconductor substrate1

200. Thereafter, a first organic film 203 (first insulating

film), mainly composed of an organic component, is formed to

be llzm thick, for example, on the silicon nitride film 202.

Next, an organic-containing silicon dioxide film 204 (second

insulating film), containing an organic component in silicon

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

37 «"7 i.‘;}{«-".
.,r
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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

5 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

10 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

15 204 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 pwith respect, to the first and second organic

20 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

25 207, having openings for forming wiring grooves, is formed by

/"2

38 B ‘M gm...»-—-
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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 resist patterns 207 and 209 are all main-

ly composed of organic components, the second organic film 205

is etched at_a rate substantially equal to that of the first

and second resist patterns 207 and 209. Accordingly, when the

second organic film 205 is dry—etched, the first and second

resist 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

.—.»«..w.....___'._.........«.. .4... . .
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contact holes as described in the first embodiment.

Then, the organicgcontaining 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 films

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 on the wall faces of

a Page 103 (If 333
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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, secondfor example. As a result,

metal interconnects 214 and-contacts 215 are formed out of

the metal film 213.

It should be Anoted 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)

Page" 109 {E333



 

         

          

        

            

       

      

        

          

           

      

          

       

       

         

            

        

           

      

  

      

          

           

         

            

  

Page 110 of 388

 
10

15

20

25‘

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

The silicon nitride film 302 issemiconductor substrate 300.

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 lxzm 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 byga

CVD process using a reactive gas mainly composed of phenyl-

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

.._..(......‘_........._...._........,.., . 4 . .
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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

Page 111 ‘of 383
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13(b).

Next, as shown in Figure 13(c), the second resist pattern

309 is removed and the patterned second organic-containing

silicon dioxide film 305A is dry-etched using the mask pat-

5 tern 308 as a mask, thereby forming openings for 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

,1>.a'ger112’o'f3ss' _;l____ »
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309 as a mask. That is to say, if the mask pattern 308 is

partially exposed inside the openings of the second resist

pattern 309 for forming contact holes because of the mis-

alignment of the second resist pattern 309 with the first re-

sist pattern 307, then the 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.

45 ! fl
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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 \that a multilevel interconnection

structure may be formed by forming respective films, inter-

connects and contacts on the second metal interconnects 314

through the same process steps as those described above.

In the third embodiment, while the first resist pattern

307 is ashed and removed with oxygen plasma, the. low-

dielectric—constant SOG film 304 is not exposed to the oxygen

plasma, because the second organicacontaining silicon dioxide

film 305 exists on the low-dielectric—constant SOG film 304.

Also, _in this embodiment, after the second organic-

silicon dioxide film 305,containing 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-

,-: ,'r.:'.|.‘A;r=I:1.nIrur..'Ewu'.;t:'. ‘—
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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-

5 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

10 plasma, the Si4H bonds thereof are oxidized and the content 
Q: of water and the relative dielectric constant thereof both

a 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 
15 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.

20 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

25 16(c) and Figures 17(a) through 17(c).

N
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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

5 first metal interconnects 351 during a subsequent etching

process step. Thereafter, a first silicon dioxide film 353

(first insulating film) is formed to be 111m thick, for exam-

ple, on the silicon nitride film 352. Next, an organic film

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

10 for example, on the first silicon dioxide film 353. Then, a

second silicon 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.

 
£3 15 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

20 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

25 357, having openings for forming wiring grooves, is formed by

--.m....._........,....:...~.q.,.....-........ \ . )5
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lithography on the titanium nitride film 356. Thereafter, the

titanium nitride film 356 is dry-etched using the first resist

pattern 357 as a mask, thereby forming a mask pattern 358 out

of the titanium nitride film 356 as shown in Figure 15(c).

Subsequently, as shown in Figure 16(a), the first resist

pattern 357 is removed and then a second resist pattern 359,

is formed on thehaving openings for forming contact holes,

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-

._..,
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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

..Q__-.,Eage_118 (@333
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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, aluminum, gold, nickel,copper, silver,

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 355 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

51 3"‘.-‘.,.—--
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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

- . .'..y'..'\-srvasoqa-:\~—v-nuu.-u.mu~ w
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SOG film 403 (first insulating film), having a siloxane

skeleton, is formed to be 111m thick, for example, on the

silicon nitride film 402. Next, an organicrcontaining 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

~ .~ :.-.::=—.u.a=s>..—...-...-.~,-..a—x- ~-
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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-

the second low-ing the first resist pattern 407. Then,

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 organicecontaining 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).

‘-~.:.-u:g:;.-umu:=:u=n.-x.-.>:=- -.-..- - .
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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).

5 At the same time, the first low—dielectric—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-

10 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
 

H 404A as a mask, thereby forming a patterned silicon nitride

film 402A and exposing‘ they 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

20 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

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

: ".1?-'.1'.'nl.‘.1u)-nwlwuulumu.-A-nu. . ,.
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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 removed by 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

Page 124 "of 333
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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—

yconstant 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

even if an HSQ film is used as an interlevel in-more. Thus,

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

The silicon nitride film 502 issemiconductor substrate 500._

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

.1:-~:,':rd .J,-‘:v'..«, ,
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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.

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

a sec-example, on the first silicon dioxide film 504. Next,

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-

- .-- :rn::r..-.zr:::m:q:-nnagwnuuz.-pr. <
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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 (-1-"'10:" .
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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 5053 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.

Tt 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

60 E E.
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505A as respective masks, thereby forming a patterned second

silicon dioxide film 5063 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

5058 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 and the wiring grooves 511 as in the first embodi-

ment. Thereafter, a metal film is deposited over the entire

surface of the substrate to completely fill in the ‘contact

holes 512 and the wiring grooves 511. In this embodiment, the

metal film may be made of any arbitrary metal. For example,

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

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

posited by any arbitrary technique. For instance, plating,

61 ':I.»'
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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 5063, are removed by a CMP technique, for exam-

second metal interconnects 513 and con-ple. As a result,

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. fhis 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 4. ..
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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 filfll 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-

~ - m-_(-=m.,......4.....—.V—.._.......~
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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 nmsk, 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. a second resistThen,

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

--:m.v_»x;.—.4=g=nu\xm:ss:.-.~Ar4_-.g‘.»_.:.a.

Page1320f388



         

    

          

         

          

        

       

         

          

         

         

          

         

          

         

          

        

     

          

           

         

        

         

          

          

 

Page 133 of 388

 
10

15

20

25

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-

This is because thetern 559 for forming wiring grooves.

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 Inask

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. Thus, the contact area between con-

tacts 564 to be formed later and second metal interconnects

563 (see Figure 26(d)) expands. As a result, the contacts 564

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

Next, the second organic film 555 is dry—etched using the

patterned second silicon dioxide film 556A as a mask, thereby

forming a patterned second organic film 555A having 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 S55. 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, ythe 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 5568 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(h).

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

etched using the mask_pattern 559 and the patterned second

. -~«_-_.- ...‘..............................-.......,.. .‘
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silicon dioxide film 556B as a mask, and the first organic

film 553 is dry—etched using the patterned first silicon diox-

ide film 554A as a 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,

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

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 5563, 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

Page 135of
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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

68; &i¢
ma 2

-».-.-,-.....,..'m..-.....=.._=.......,‘... .. .

Page1360f388



        

           

          

       

         

          

         

            

          

   

     

         

          

          

        

        

          

          

          

           

        

         

      

          

 
 

Page 137 of 388

 
 

10

15

20

25

,_.lg_,1age 137.91‘ 333

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 559 and 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 along 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-

 
g --4.-.—,.....u...... ‘...... .... ..... -



         

         

        

           

          

          

         

           

       

       

          

          

           

          

           

         

         

         

          

          

          

          

          

          

         

 

Page 138 of 388

 
10

15

20

25

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-BQ, 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-

ding groove, the contact area (indicated by hatching) between

70
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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. Thereafter, 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 604.4

606 (thin film) is deposited to be 50 nm thick, for example,

on the second organic film 605.

. .. .........a,:u...-..—.........................<v .
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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 606 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 605.

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-

~.-:.:~.=,.v-.-.a.:s.=.s=gs:au=a.;-.<.-..»._—.--, ‘. .-
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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 606A 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)).

' Page1410f388
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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 6053

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 6043 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-V

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,

Page1420f388
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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, Cvb

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

6053, 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

6058, 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. Accordingly, a dual

damascene structure can be formed with the increase in number

of process steps suppressed.

Also, in the sixth embodiment, since the first resist
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pattern 607 is removed by an organic parting agent, 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

The silicon nitride film 652 issemiconductor substraté'650.

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

Page1440f388
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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

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

polytetrafluoroetfiylene, 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. I

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

:.v~,\r.:g::-w... :- .3
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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-

-» _-_—.:¢u:r,.-<»-v ,-.
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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 organic 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 steph 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).

 
.55

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 6553

having wiring grooves 666 and a patterned first organic film

20 653A having contact holes 661 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 6543 having wiring grooves (see Figure 35(c)) and a pat-
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terned silicon nitride film 652A having the contact holes (see

Figure 35(c)), and exposing the first metal interconnects 651

within the contact holes 661. Then, although not shown, an

adhesion layer, made of titanium nitride, is deposited to be

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

holes 661 and the wiring grooves 660 as in the first embodi-

ment. Thereafter, a metal film is deposited over the entire

surface of the substrate to completely fill in the contact

holes 661 and the wiring grooves 660. In this embodiment, the

metal film may be made of any arbitrary metal; For example,

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

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

posited by any 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

6555, are removed by 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

‘ =:';-..:.»n.\:gxwr.1j:::.::.~.::xrnrm 4'
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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 holes overlap with correspond-

ing openings of the mask pattern 658 for forming wiring

grooves.

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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WHAT IS C IMED IS: 
 

 A method for forming an interconnection structure,

com rising 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, therebv 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

‘ ‘:‘:.n..':_a.~’..-.'.:=4:.=::.~rnnL:;‘-,2-.':a_. --
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rate, thereby patterning the third insulating fihn to have

the openings for forming contact holes and removing the first

and second resist patterns either entirely or partially with

respective lower parts thereof left;

i) dry—etching the second insulating film using the pat-

terned third insulating film as a mask under such conditions

that the second insulating film is‘ etched at a relatively

high rate and that the first and third insulating films are

etched at a relatively low rate, thereby patterning the sec-

ond insulating film to have the openings for forming Contact

holes;

j) dryeetching 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-

‘ . .'::.7:a=L'z‘-71I:a=:I.'r..m~4.'.'-xii‘. '-N
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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 aomposed of antorganic 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 method of Claim 3, wherein the step a) includes

forming the first insulating film by a CVD process using a re-

active gas containing perfluorodecalin.

/fi( A luethod for tforming 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

84 ;;
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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 iinsulating 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

, ‘..':: -,-'.«::n:m7zr.’:I.1r:r.-‘.1u=I,';:L:..;"2, .v
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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 the third and first insulating

films, respectively; and

l) 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 SOG filnt with a siloxane

skeleton.

’y67 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

Page 154 of '33s
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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) dryfetching the fourth insulating film using the sec-

ond resist pattern and the mask pattern as a mask, thereby

patterning the fourth insulating film to have the openings

for forming contact holes;

j) dry-etching the third insulating film using the pat-

terned fourth insulating film as a mask, thereby patterning

the third insulating film to have the openings for forming

~. .':.';7:x.':=.'.==aI.Au::1r:I:.‘:..1.-..
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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;

l) 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;hand

m) filling in the wiring grooves and the contact holes

with a metal film, thereby forming upper—level metal intercon-

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

interconnects together.

11. 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 in~a di-

rection vertical to a direction in which the upper—level

metal interconnects extend.
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13. A method for forming an interconnection structure,

‘com ising the steps of:

a) forming a first insulating film over lower—level

metal interconnects; I

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 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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i) 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 the open-

ings of the second resist pattern for forming contact holes

is larger than a designed size of the contact holes inla 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 fonn 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 for contact holes in the second insulating

film.

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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Then, the third and first insulating films are masked .
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As a below named inventor, I hereby declare that: my residence, post officevaddress and citizenship are as

stated next to my name; that I verily believe that I am the original, first and sole inventor (if only one name is listed

below) or a joint inventor (if plural inventors are named below) of the inventionentitled: 

 ,the specification of which is attached hereto unless the following box is
checked: 4

[ ] The specification was filed on

’ and was assigned Serial No. . ‘ .
(if known)

and was amended on
(if applicable) ~

I hereby state that I have reviewed and understand the contents of the above-identified specification, including

the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of this application in

accordance with Title 37, Code of Federal Regulations, §1.56.

I do not know and do not believe the same was ever known or used in the United States of America before my

or our invention thereof, or patented or described in any printed publication in any country before my or our invention

thereof, or more than one year prior to this application, that the same was not in public use or on sale in the United

States of America more than one year prior to this application, that the invention has not been patented or made the

subject of an inventor's certificate issued before the date of this application in any country foreign to the United States

of America on an application filed by me or my legal representatives or assigns more than twelve months prior to this

application, and that no application for patent or inventor's certificate on this invention has been filed in any country

foreign to the United States of America prior to this application by me or my legal representatives or assigns, except
as follows:

 
I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s)

for patent or inventor's certificate listed below and checked at right:

Prior Foreign Application(s) . "'i°'“v Claimed
Mnth/Da /\’eaFled w

10-079371 A os/26/ms,  —

No

 
All foreign applications, if any, for any Patent or Inventor's Certificate filed more than 12 months prior to the

filing date of this application:

‘ a lication 0. Date of Filin Month/Da /Year <  
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.2.

I hereby claim the benefit under Title 35, United States Code, §119(e) or §120 of any United States

application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed

in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code,

§112, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations,

§1.56 which occurred between the filing date of the prior application and the national or PCT international filing date
of this application: _ -

- “°“i°" _. Status: tented. cndin abandoned

 
I 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:

Daniel W. Sixbey, (Reg. No. 20,932)

Charles M. Leedom, Jr. (Reg. No. 26,477)

David S. Safran (Reg. No. 27,997)

Donald R. Studebaker (Reg. No. 32,815)

Tim L. Braclcett (Reg. No. 36,092)

Frank P. Presta (Reg. No. 19,828)

Robert M. Schulman (Reg. No. 31,196)

Lawrence D. Eisen (Reg. No. 41,009)

Marc S. Kaufman (Reg. No. 35.212)

Stuart J. Friedman (Reg. No. 24,312)

Gerald J. Ferguson, Jr. (Reg. No. 23,016)

Thomas W. Cole (Reg. No. 28,290)

Jeffrey L. Costellia (Reg. No. 35,483)

Eric .1. Robinson (Reg. No. 38,285)

Joseph S. Presta (Reg. No. 35,329)

Thomas M. Blasey (Reg. No. 33,475)

Daniel S. Song (Reg. No. 43,143)

Send Correspondence to: Eierald J. Eerguson. Jr.

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

8180 Greensboro‘ Drive, Suite 800

McLean, Virginia 22102

Telephone: (703) 790-9110

I hereby declare that all statements made herein of my own knowledge are true and that all statements made

on information and belief are believed to be true; and further that these statements were made with the knowledge that

willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of

Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application

or any patent issued thereon.

The undersigned hereby authorize any U.S. attorney orlagent named herein to accept and follow instructions
from as to any action to be taken in the Patent and Trademark Office regarding this
application without direct communication between the U.S. attorney or agentand 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.

FULLNAMEOFSOLE OR FIRSTINVENTOR INVENTO‘S Si NATURE K DATE- ’ ._v March 19 '99
Nobuo AOI M , , ‘ -

RESIDENCE (City, State & Country)

H 00 Ja - an

CITIZENSHIP

J8 - an

.—_ ...-. ——- ._:.__.—....—e
POST OFFICE ADDRESS (Complete Address including City, State & Country)

1-41-403 Talsha-cho shinomi a-shi H 0 662-0867 Ja a_
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Application Assignment Record

According to the application transmittal letter, an assignmentrecording ownership was filed

with this application; however, a copy of this record was not located in the original file history

record obtained from the United States Patent and Trademark Office. Upon your request, we

will attempt to obtain the assignment documents from the Assignment Recordation Branch of

of the United States Patent and Trademark Office or fiom a related application case (if applicable).

Please note that additional charges will apply for this service.

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

identified on this document is missing from the original file history record.
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_ of l~i.9.<s3 »
can-nHt:Af"E or MAILING

I hereby certify that this correspondence is being deposited
with the United States Postal Service with sufficient postage as First

Class Mail in an envelope addressed to: Assistagfomifliggger for D0Ck3t N0-3 0819226
Pints, Vllzshington .0. 20231, on June
Cecilia Campbell

   
IN THE. UNITED STATES PATENT AND TRADEMARK OFFICE

 In re PATENT application of )
Nobuo AOI )

Serial No. 09/274,114 ) Art Unit 1763
Filed: March 23, 1999 ) JUL 1 1999
For: METHOD FOR FORMING I )

INTERCONNECTION STRUCTURE ) June 23, 1999

TRANSMITTAL OF CERTIFIED PRIORITY DOCUMENT

Honorable Assistant Commissioner for Patents

Washington, D. C. 20231

Sir:

At the time of filing the above-referenced application, a right of priority

under 35 USC 119 was claimed in view of Application No. 10—O79371, filed

March 26, 1998 in Japan.

Submitted herewith is the certified copy of the priority document to

perfect the claim for priority.

Acknowledgment is respectfully requested.

ii) 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\O8 19\226PDOC
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zamazaa 9 » ;-9%9
Dateof Application; ‘ ‘ 41 9 _9 85E 3 E 2 6 E! ‘A
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19995 4H'99

mmlsslcner, 'fi§%fEEKl[lf_Patent Office: 4. 1
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Transaction History Date \0iqai“O€' 561
Date information retrieved from USPTO Patent

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

 

 [V10 Q0 i7é§’
Docket: 0819~0226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of

NOBUO AOI

Serial No. 09/274,114

Filed: March 23, 1999

For: METHOD FOR FORMING

INTERCONNECTION STRUCTURE

 
Group Art Unit: 1763_...$

. . C3

Examiner: Unass1gned_J

 

)

)

)

)

)

)

Honorable Assistant Commissioner of Patents "*3

Washington, D.C. 20231 E5 4*
. C3

Sir: V :3

Transmitted herewith is an Information Disclosure Statement in

the above-identified application.

[ X ] In the event applicant(s) has overlooked the need for any

petition to effect the entry of the documents submitted

herewith, it is respectfully requested that this be

treated as such petition and that any necessary fees

associated with this petition be charged to Deposit
Account No. 19-2380.

[ X ] In the event app1icant(s) has overlooked the need for any

petition and fee for extension of time, and such

extension is required, applicant(s) requests that this be

considered a petition therefor and that such fee be

charged to Deposit Account No. 19-2380.

[ X ] The Commissioner is hereby authorized to charge fees

under 37 cm 1.16, 1.17, 1.20(a), 1.20(b), 1.20(c) and

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

or hereafter, or credit any overpayment, to Deposit

Account No. 19-2380. A duplicate copy of this sheet is
attached.

CERTIFICATE OF MAIUNG ‘ Respectfully submitted,

I hereby certify that this ‘ A

fiigtausuoongegtce is iiiaeing fiesposited with écé 1 ' _.me - aes osta ‘ ith - -
sufficient postage as First crZ;v§°r7ra‘?i in Eric J' Robinson
an envelope addressed to: Assistant Reg‘ N°' 33'285
Commissioner for Patents Washington, Sixbey, Friedman, Leedom S: Ferguson, P.C.
D.C. 29231 n.,‘cg

;)&f° 3: :3. .9 8180 Greensboro Drive, Suite 800
McLean, Virginia 22102

(703) 790-9110
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_ ,‘ Dochetz. 0819-0226
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of )
NOBUO AOI

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

)

)

Filed: March 23, 1999 ) Examiner: Unassigned .

For: METHOD FOR FORMING )

INTERCONNECTION STRUCTiJRE )

Honorable Assistant Commissioner of Patents

"Washington, D.C. 20231

.Sir:

  
E ,._.

~ Transmitted herewith is an Information Disclosure Statemgnt £5 K3v ' J

the above-identified application. $2«Z...

it X 1 In the event applicant(s) has overlooked the need for any

petition to effect the entry of the documents submitted

.herewith, it his 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‘. ' ‘ '

[ X ]' In the event app1icant(s) has overlooked the need for any

petition and fee‘ for extension of ‘time, oand such

extension is required, app1icant(s) requests that this be

,considered a petition therefor and that such fee be

charged to Deposit Account No. 19-2380.

[ X 1 The Commissioner is hereby authorized to charge fees-

under 37 CFR 1.16, 1.17, 1.20(a), 1.2o(b), 1.20(c) and
1.20 (d) (except the Issue Fee) which may be required now‘

or hereafter," or ‘credit any overpayment," to Deposit

Account No. 19-2380. A duplicate copy of this sheet is

attached. ' ' V I i V

CER'r,Vi_F|CATE OF MAILING i Respectfully submitted,
I hereby certify that’ this i -‘ i I

correspondence is being deposited with QIIA1 ' ._
the United States Postal Serv’ ith - - » '
sufficient postage as First Classciie/iavii, in Eric J' Robinson
an envelope addressed to: Assistant Reg‘: N°' 39335

go‘-r:nr2issio‘ner for Patents Washington, isixbey, Friedman, Leedom & Ferguson, P.C.. . ,on_.£-Q-Q13 A
Q E Q: E 9 e130 Greensboro Drive, Suite eoo

McLean, Virginia 22102
(703) 790-9110

 
‘ - - "‘:‘—:-“:>'A"$-‘A:.’lzl“‘M'T: -

V Page 342 of 388



 

       

     

  

       

    

    

  

  

    

  

             

           

              

          

            

              

              

  

 

  
  

     
    

     
 

    
    

     
      

    
   

    

  

Page 343 of 388

%’
- 1 ~ Docket: 0819-0226 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of

NOBUO AOI

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

)

)

)

Filed: 03/23/1999 - ) Examiner: Unassigned

For: METHOD FOR FORMING )

)

)

INTERCONNECTION STRUCTURE

INFORMATION DISCLOSURE STA I EMEN I

Honorable Assistant Commissioner of Patents

Washington, D.-C. 20231

Sir:

 
In accordance with the provisions of 37 C;F.R. 1.56 and 37 C.F.R. 1.97-1.99, Applicant

submits herewith attached Form PTO-1449 listing references known to Applicant and requests

that these references be made of record in the above identified application. Copies of the
references 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. §§l.l6, 1.17,

1.20(a), l.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 or MAILING Mciieaii» Virginia 22102
‘ ‘i ' ' (703) 790-91

I hereby certify that this ’
correspondence is being deposited with
the United States.Postal Service with

sufticient postage as First Class Mail in
an envelope addressed to: Assistant
Commissioner for atents shington.
D.C. 31.on " '" '

uc.~.1:=:cr:»v- -- -. .

i Page 343_o£388
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— 1 . Docket: 0819-0226

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re PATENT application of

NoBUo_ AOI '

Serial No. 09/274,114

Filed: 03/23/1999 I

For: METHOD FOR FORMING

INTERCONNECIION STRUCTURE"

Group Art Unit: 1763

Examiner: Unassigned

 
 A \/\/\I_\/\/\/\/

Honorable Assistant Commissioner of Patents ' _ _ E?
Washington, D.C. 20231 ‘

Sir: 4

' In accordance with the provisions of 37 C.F.R. 1.56 and 37 C.F.R. 1.97-1.99, Applicant
submits herewith attached Form PTO—1449 listing references‘ known to Applicant and requests"

that these references be _-rnade of record in the above identified application. Copies of the
references listed are submitted herewith in accordance with 37 C.F.R. ,1.98(a). ‘ A

The Commissioner is hereby authorized to ‘charge fees under 37 C.F.R. §§1.1_6, 1.17,
l.20(a),V l.20(b),‘ l.20(c), and 1.20(d) (exceptthe Issue Fee) which may be required now or

" hereafter, or credit any ‘overpayment to Deposit Account No. 19-23 80. A duplicate copy ofthis
sheet is attached. _ 4 A I A I A

9 A " Respectfully submitted, .

, ..

‘A.
_ 

9 Eric J. Robinson -
. Reg. No. 38,285

Siixbey, Friedman, Lccdom & Ferguson, 1>.c.
, _ , 8180 Greensboro Drive, Suite.80O '

CERTIFICATE or MAILING M°L“n» Virginia 22102-
‘ , " - ' ' (703) 790-9110. .

I hereby certify that this
correspondence is being deposited with
the United States Postal Service with

suliicient postage as First Class Mail in v
an envelope addressed to: Assistant
Commissioner for atents shington,
D.C. 31.on * *,_.,
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Atty. Docket No.:

Applicant:

 
 

  
 
   

 

 

 
 
 

 

Form PTO-1449 , u.s. Department of Commerce
(Rev. 8-83) Patent and Trademark office
  u’1.INFORMATION DISCLOSURE STATEMENT 

 

AI)

V . ~ .(Ls. PATENT DOCUMENTS mg
Issue - Patentee Filing Date
Due Hfa-won)

o7/29/97
os/as/92 . -D ,.

(Use several sheets if necessary)
   

 

  

 

Examiner
Initial

A" H }

Patent Number

 

  
"I!

4

5 110 712

 

 Document Number

. 0 680 085 A1 0 425 787 A2 ..\9 ~s
> 
 

 
 

t ,  

éM
( 4!

‘EXAMINER: nitial 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 co- of this form with next communication to a--licant.    
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‘ Examiner

\

Form PTO-1449 < I . U.S. Department of corrmerce Serial No.(Rev. 8-83) Patent and Trademark Office , Ag-1

. . . _ D ” ' V

' ' V - V ‘I,' - I.

. 4 ‘ ’ _ A ‘ ‘ .° '53.‘
. 1 _ 4) J‘

I

Examiner
Initial '

 

 
  

 

 
  

 J. s . ' PATENT ‘DOCUMENTS , b _ _ ._ __. . U ' h

‘ Patent -Number Issue Patentee ,  Filing Date. Date ’ .

FOREIGN PATENT DOCUMENTS

' i _ . ' Yes No- Document Number ‘V Translat-on
—“_--1
— -I

\ .

Date Considered '

‘EXAMINER: Initial if citation considered, whether or/'Jn’o. citation is it,v“'conforma'nce with MPEP 609; Draw line through citation
if not in conformance and not consired. Include o 'of this form with next 9 nice: icant.

 A

_ >~.:—-~-~.
'- "-<. ‘N. \
/‘ \ \ \/ ‘x ' ‘ \“-—‘ i ‘N. \A, 1 "~.,1

/ — gm. ,.rv,\:'f K V

 
1-,‘..,':,1-wu.1'.‘IuIr2.u4a4~ < .
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date - 1999-08-09

Document Title - List of References cited by applicant and considered by examiner

Page(s) - ‘2 of2

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

identified on this document is missing from the original file history record.
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Other Prior Art

According to the information contained in form PTO-1449 or PTO-892, there are one or more other

prior art/non-patent literature documents missing from the original file history record obtained from

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

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

This page is not part of the official USPTO record. it has been determined that content

identified on this document is missing from the original file history record.
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Transaction History Date 2_ooo~s2_££
Date information retrieved from USPTO Patent

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

‘_. ERTlFlCATEOF|\.A .IV\; I i’ I ' W V y certify that this correspondence is being ' \
1 nth the United States Postal Service with / \

postage as First Class Mail in an envelope \
addressed to: Assistantrcommissioner for Patents,~
Washington,D.C.20231,on - . O

-7_d\

M _ - ‘ Docket No. 0819-22;
IN THE ‘UNITED STATES PATENT AND TRADEMARK OFFICE I

In re PATENT Application of )

Nobuo AOI )

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

Filed: March 23, 1999 ) Examiner: Unassigned

For: METHOD FOR FORMING )

("J

INFORMATION DISCLOSU STA ENT -»~;_-»,: if’;

INTERCONNECTION STRUCTURE )‘

Assistant Commissioner for ‘Patents

Washington, D.C. 20231

Sir:

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

' Applicant submits herewith attached Form PTO-1449 listing references known to

Applicant and requests that these references be made ofrecord in the above-identified

application. Copies of the references are submitted herewith in accordance with 37

C.F.R. l.98(a). ' J

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 paper is attached.

Respectfully submitted,

Eric J. Robinson

Registration No. 38,285 _
Sixbey, Friedman, Leedom & Ferguson, P.C.
8180 Greensboro Drive, Suite 800

McLean, Virginia 22102

(703) 790-9110

(703) 883-0370 (Fax)

»..-_..
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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 L V _ _ V

INFORMATION DISCLOSURE STATEMENT Appncann Nobuo Aoi . e ‘

(Use several sheets if necessary) . 9
. Filing Date: March 23, 1999 Group: 1763

_ . u.s. PATENT DOCUMENTS ’
Examiner
Initial’

 
  
 
 

 

  

  
  
  

 

Document Number

IIIIIIIIIII||||||||||/
E

 
 

. FOREIGN PATENT DOCUMENTS p

. 9 T I t'

Iona/94 H01}.1
~06/16/es
- ‘ - I
I
- Z1ZC

OTHER DOCUMENTS (Including Author, 'iit|e, Date, Pertinent Pages, Etc.) . I

Date Considered:

/0 , 20

‘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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 Sheet 1 of 1

 
 

 
 

 
  

 

 

 Form PTO-1449 US. Department of Commerce
(Rev. 8-83) Patent and Trademark Office ‘ 
INFORMATION DISCLOSURE STATEMENT

(Use several sheets if necessary) ‘ A i .
Filing Date: March 23, 1999 Group: 1763

' u.s. PATENT DOCUMENTS . _ O

 Date

('3

 Serial No.: 09/274,114

 

  
 

 

 

  
  

  

 

Class (if appropriate)

I

 

Z
1

1- A Ijj

--Japan 1 --I
- —
-os/ov/97 ‘ --3

-—: $11
. M -

 -,r._«.

 
 

 
 

.)’

‘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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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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