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(54) [Title of the Invention] Semiconductor Device Manufacturing Method

(57) [Abstract]

[Problem] To provide a method for manufacturing
a semiconductor device that eliminates damage
to low-k film caused by dry etching plasma used
to form via holes and wiring grooves or ashing to
remove photoresists when embedding metal
wiring such as Cu wiring in low-k film.

[Solution] An insulating film 3 is formed on a
semiconductor substrate 1, and Cu wiring 11, 12
with contacts 13 and dummy contacts 14 is
formed on the insulating film 3. Afterward, the
insulating film 3 is removed, and a low-k film 9 is
then formed. Because the insulating film 3 is
eventually removed, the impact of damage to the
low-k film caused by plasma or ashing can be
eliminated. In addition, the dummy contacts
support the wiring so that it does not collapse or
come off until the low-k film is formed once the
insulating film has been removed.
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[Claims]

[Claim 1] A method for manufacturing a
semiconductor device, the method comprising the
steps of:

forming a first insulating film having first wiring of a
lower layer embedded in a semiconductor substrate
on which a semiconductor element is formed;
forming a second insulating film on the first insulating
film;

patterning the second insulating film using a
patterned photoresist as a mask, etching to form
wiring grooves and via holes in the wiring grooves,
exposing the lower layer wiring in the via holes, and
simultaneously forming dummy via holes and
exposing the first insulating film in the dummy via
holes;

depositing wiring material on a second insulating film
including the interior of the wiring grooves, the
interior of the dummy via holes, and the interior of the
via holes;

polishing the surface of the deposited wiring material
to form a second wiring in the wiring grooves, forming
dummy contacts in the dummy via holes, and forming
contacts connecting the first wiring and the second
wiring in the via holes;

removing at least a portion of the second insulating
film to expose at least a portion of the dummy
contacts or a portion of the contacts;

forming a third insulating film made of a low-
dielectric-constant insulating film so as to cover the
second wiring, the dummy contacts, and the contacts;
and

flattening the surface of the third insulating film to
expose the surface of the second wiring.

[Claim 2] The method for manufacturing a
semiconductor device according to claim 1, wherein
the dummy contacts are not formed directly above the
first wiring in the lower layer.

[Claim 3] A method for manufacturing a
semiconductor device, the method comprising the
steps of:

forming a first insulating film on a semiconductor
substrate on which a semiconductor element having
an impurity diffusion region is formed;

forming a second insulating film on the first insulating
film;

patterning the first insulating film and the second
insulating film using a patterned photoresist as a
mask, etching to form wiring grooves and via holes in
the wiring grooves, exposing the impurity diffusion
region in the via holes, and simultaneously etching the
second insulating film using the photoresist as a mask
to form dummy via holes in the wiring grooves, and
then exposing the first insulating film inside the
dummy via holes;

depositing wiring material on a second insulating film
including the interior of the wiring grooves, the
interior of the dummy via holes, and the interior of the
via holes;

flattening the surface of the deposited wiring material
to form wiring in the wiring grooves, forming dummy
contacts in the dummy via holes, and forming
contacts to connect the wiring and the impurity
diffusion region in the via holes;
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removing at least a portion of the second insulating
film to expose at least a portion of the dummy
contacts or a portion of the contacts;

forming a third insulating film made of a low-
dielectric-constant insulating film so as to cover the
wiring, the dummy contacts, and the contacts; and
flattening the surface of the third insulating film to
expose the surface of the wiring.

[Claim 4] The method for manufacturing a
semiconductor device according to any one of claims
1 to 3, wherein the low dielectric constant insulating
film has a lower dielectric constant than silicon oxide
film.

[Claim 5] The method for manufacturing a
semiconductor device according to any one of claims
1 to 4, wherein the low dielectric constant insulating
film is selected from organic insulating films, silane-
based insulating films, and fluorocarbon-based
insulating films.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present
invention relates to a method for manufacturing a
semiconductor device, and more specifically to a
method for forming Cu wiring embedded in a low-
dielectric constant insulating film (“low-k film” below).
[0002]

[Prior Art] Conventional methods for forming Cu
wiring using low-k film materials include the method
shown in FIG. 8 and FIG. 9. First, a base insulating
film 100, such as a silicon oxide film, is formed on a
semiconductor substrate 10, such as silicon. The
surface of the base insulating film 100 is flattened,
and lower layer wiring is formed using the Cu single
damascene method. The lower layer wiring consists of
lower layer Cu wiring 102 and a barrier metal layer
101 such as Ta or TaN that envelopes the lower layer
Cu wiring. Next, a silicon nitride (SiN) stopper 103 is
formed to prevent overetching of anisotropic etching,
such as reactive ion etching (RIE), which is used to
form via holes in the base insulating film 100 so as to
cover the lower layer wiring. A low-k film material is
then applied to coat the top and form a low-k film 107
(FIG. 8(a)). Next, a photoresist 109 with a
predetermined pattern is formed on the low-k film 107,
and a pattern of via holes 110 to form contacts with
the lower layer Cu wiring 102 is formed by lithography
(FIG. 8(b)).

[0003] Also, wiring grooves 111 for an upper layer
wiring pattern connected to these via holes 110 are
formed by lithography (FIG. 9(a)). Afterward, a
barrier metal layer 112 such as Ta or TaN is formed,
and Cu is deposited on top using, for example, the
plasma method. Cu is then deposited over the entire
surface of the low-k film 107, which includes via holes
and wiring grooves, using the plating method. Then,
the Cu dual damascene method is used to leave only
Cu in the wiring grooves and via holes, by means of
chemical mechanical polishing (CMP). In the wiring
grooves in which the via holes are formed, upper layer
wiring 104 with contacts connected to the lower layer
Cu wiring is formed, and in the wiring grooves in which
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no via holes are formed, upper layer wiring 105 is
formed (Fig. 9(b)).

[0004]

[Problem to Be Solved by the Invention] Various types
of low-k film materials have been proposed, including
fluorocarbon-based, silane-based, and organic-based
materials. However, compared to conventional oxide
films, which are insulating films, all of these materials
are characterized by low mechanical strength and
poor plasma resistance. When using such a low-k film
to perform plasma-based dry etching to process via
holes and wiring grooves in a photoresist mask as
described above, or perform subsequent ashing to
remove the photoresist, the low-k film itself may
sustain plasma damage, causing the film to degrade.
In other words, a damaged layer 108 is formed in the
low-k film on the surface of the wiring grooves and via
holes exposed to plasma, ashing, etc. As a result,
problems such as delamination of wiring and an
increase in the actual insulation capacitance occur.
The damaged layer caused by the plasma can be
removed using HF liquid, but in this case, the
processing dimensions will change, resulting in
problems such as short circuits between wiring. In
view of these circumstances, it is an object of the
present invention to provide a method for
manufacturing a semiconductor device that eliminates
damage to low-k film caused by dry etching plasma
used to form via holes and wiring grooves or ashing
to remove photoresists when embedding metal wiring
such as Cu wiring in low-k film.

[0005]

[Means for Solving the Problem] The present invention
is characterized by forming an insulating film on a
semiconductor substrate, forming metal wiring such
as Cu having contacts and dummy contacts on the
insulating film, removing the insulating film, forming
a low-k film after removing the insulating film, and
embedding the metal wiring, contacts, and dummy
contacts in the low-k film. Because the insulating film
formed by embedding metal wiring such as Cu in a
low-k film is eventually removed, damage to the low-
k film caused by dry etching plasma used to form via
holes and wiring grooves, or by ashing used to remove
photoresist, can be eliminated. In addition, dummy
contacts are provided to support the wiring so that it
does not collapse or come off when the insulating film
is removed until the Low-k film is formed. They are
added when there are no contacts to support the
wiring, or when there are only a few contacts that
cannot sufficiently support the wiring. In other words,
the contacts and dummy contacts have a unit wiring
length that enables support by a single contact.
Therefore, a contact or dummy contact must be
provided for each specified unit wiring length.

[0006] The present invention is a method for
manufacturing a semiconductor device, the method
comprising the steps of: forming a first insulating film
having first wiring of a lower layer embedded in a
semiconductor substrate on which a semiconductor
element is formed; forming a second insulating film
on the first insulating film; patterning the second
insulating film using a patterned photoresist as a
mask, etching to form wiring grooves and via holes in
the wiring grooves, exposing the lower layer wiring in
the via holes, and simultaneously forming dummy via
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holes and exposing the first insulating film in the
dummy via holes; depositing wiring material on a
second insulating film including the interior of the
wiring grooves, the interior of the dummy via holes,
and the interior of the via holes; polishing the surface
of the deposited wiring material to form a second
wiring in the wiring grooves, forming dummy contacts
in the dummy via holes, and forming contacts
connecting the first wiring and the second wiring in
the via holes; removing at least a portion of the
second insulating film to expose at least a portion of
the dummy contacts or a portion of the contacts;
forming a third insulating film made of a low-
dielectric-constant insulating film so as to cover the
second wiring, the dummy contacts, and the contacts;
and flattening the surface of the third insulating film
to expose the surface of the second wiring. The
dummy contacts may be formed so as not to be
directly above the first wiring located in the lower layer.
[0007] The present invention is also a method for
manufacturing a semiconductor device, the method
comprising the steps of: forming a first insulating film
on a semiconductor substrate on which a
semiconductor element having an impurity diffusion
region is formed; forming a second insulating film on
the first insulating film; patterning the first insulating
film and the second insulating film using a patterned
photoresist as a mask, etching to form wiring grooves
and via holes in the wiring grooves, exposing the
impurity diffusion region in the via holes, and
simultaneously etching the second insulating film
using the photoresist as a mask to form dummy via
holes in the wiring grooves, and then exposing the
first insulating film inside the dummy via holes;
depositing wiring material on a second insulating film
including the interior of the wiring grooves, the
interior of the dummy via holes, and the interior of the
via holes; flattening the surface of the deposited
wiring material to form wiring in the wiring grooves,
forming dummy contacts in the dummy via holes, and
forming contacts to connect the wiring and the
impurity diffusion region in the via holes; removing at
least a portion of the second insulating film to expose
at least a portion of the dummy contacts or a portion
of the contacts; forming a third insulating film made
of a low-dielectric-constant insulating film so as to
cover the wiring, the dummy contacts, and the
contacts; and flattening the surface of the third
insulating film to expose the surface of the wiring. The
low dielectric constant insulating film may have a
lower dielectric constant than silicon oxide film. The
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low dielectric constant insulating film may be one
selected from organic insulating films, silane-based
insulating films, and fluorocarbon-based insulating
films.

[0008]

[Embodiments of the Invention] Embodiments of the
present invention will now be described with reference
to the drawings. A first example will be described with
reference to FIG. 1 to FIG. 4. The figures are all cross-
sectional views of the manufacturing steps for a
semiconductor device. A first insulating film 2, such as
a silicon oxide film with a film thickness of
approximately 800 nm, is formed on a semiconductor
substrate 1, such as silicon, on which semiconductor
elements have been formed, using, for example, the
CVD method. The surface of the first insulating film 2
is flattened, and wiring grooves with a depth of
approximately 400 nm are formed. Then, lower layer
wiring is embedded in these wiring grooves using, for
example, the Cu single damascene method. The lower
wiring consists of lower layer Cu wiring 6 and a barrier
metal layer 5 such as Ta or TaN formed to envelope
the lower layer Cu wiring. Next, an approximately 50
nm-thick silicon nitride (SiN) stopper 7 is formed to
prevent overetching of anisotropic etching, such as
reactive ion etching (RIE), which is used to form via
holes in the second insulating film on the first
insulating film 2 so as to cover the lower layer wiring.
Also, a third insulating film 3 consisting of a silicon
oxide film with a thickness of approximately 800 nm
is formed on top using the CVD method (FIG. 1 (a)).

[0009] Next, a photoresist 15, in which has been
formed a predetermined pattern, is formed on the
third insulating film 3, and a pattern of via holes 16
for creating contact with the lower layer Cu wiring 6
and a pattern of dummy via holes 17 that are not
electrically connected to other conductive layers are
formed by lithography (FIG. 1 (b)). Wiring grooves 18
for an upper layer wiring pattern connected to via
holes 16 is formed, and wiring grooves 19 for an upper
layer wiring pattern connected to dummy via holes 17
is formed by lithography (FIG. 2 (a)). Next, a barrier
metal layer 8 made of Ta or TaN is formed on the third
insulating film 3, including the interior of the wiring
grooves 18, 19, via holes 16, and dummy via holes 17.
After forming Cu on top using, for example, the
plasma method, a copper film is formed on the entire
surface of the third insulating film 3, including the
dummy via holes 17, via holes 16, and wiring grooves
18 and 19, using the plating method. Then, the Cu
dual damascene method is used to leave only Cu in
the wiring grooves 18, 19, the dummy via holes 17,
and the via holes 16, by means of the CMP method.
In the wiring grooves 18 in which via holes 16 are
formed. The wiring grooves 18 including dummy via
holes 16 form contacts 13 connected to the upper
layer Cu wiring 11 and the lower layer Cu wiring 6
made of Cu, and the wiring grooves 19 including
dummy via holes 17 form the upper layer Cu wiring
12 and dummy contacts 14 (FIG. 2 (b)).

[0010] Next, a portion of the third insulating film 3 is
removed, for example, using an etching solution
containing HF, to expose a portion of the side surfaces
of the contacts 13 and the dummy contacts 14 (FIG.
3 (a)). At this time, the extent of the exposure of the
upper layer Cu wiring is adjusted by controlling the
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amount of etching of the third insulating film 3, which
is a silicon oxide film. When the amount of etching in
the third insulating film 3 becomes greater than the
depth of the upper layer Cu wiring, removal of the
insulating film under the upper layer Cu wiring causes
the upper layer Cu wiring to become suspended,
resulting in wiring failure. Therefore, the dummy
contacts formed in advance serve to prevent wiring
defects caused by etching. Next, after exposing a
portion of the upper layer Cu wiring 11, 12 by etching,
a fourth insulating film 9, which is a low-k film such
as a methyl siloxane-based or polyarylene-based film,
is formed over the entire surface of the semiconductor
substrate 1 using a coating method so that the upper
layer Cu wiring films 11, 12 are covered (FIG. 3 (b)).
Next, the surface of the fourth insulating film 9, which
is the low-k film, is CMP-processed to flatten it. This
flattening process removes the low-k film on the
wiring grooves and exposes the upper layer Cu wiring
11, 12 (FIG. 4).

[0011] The lower wiring, consisting of the lower layer
Cu wiring 6 and barrier metal layer 5, is connected to
the metal wiring of the lower layer or has contacts
such as tungsten connected to the lower layer Cu
wiring 6. These contacts can establish an electrical
connection to one of the source/drain regions of the
MOS transistor formed on the semiconductor
substrate, which is an impurity diffusion region. In this
example, because the insulating film that is damaged
by dry etching plasma used to form dummy via holes,
via holes, and wiring grooves or by ashing used to
remove the photoresist comes off, there is no damage
to the low-k film, resulting in a stable wiring structure.
In addition, the dummy contacts support the wiring so
that it does not collapse or come off when the
insulating film is removed until the low-k film is
formed, resulting in wiring with high mechanical
strength.

[0012] Next, a second example will be described with
reference to FIG. 5 and FIG. 6. FIG. 5 and FIG. 6 are
cross-sectional views of the semiconductor device
manufacturing steps. Semiconductor elements, such
as MOS transistors, are formed on a semiconductor
substrate 21, such as silicon, and a first insulating film
23, such as a silicon oxide film, is formed on top using,
for example, the CVD method. An impurity diffusion
region 22, which is used as a source/drain region of a
MOS transistor, is formed on the surface region of the
semiconductor substrate 21. Then, a second
insulating film 29, which is made of a silicon oxide film
with a film thickness of approximately 800 nm, is
formed on the first insulating film 23 using, for
example, the CVD method. Afterward, a photoresist
with a predetermined pattern is formed on the second
insulating film 29, and a pattern of via holes for
forming contacts with the impurity diffusion region 22
and a pattern of dummy via holes that are not
electrically connected to other conductive layers are
formed by lithography. Also, wiring grooves for a
wiring pattern connected to the via holes is formed,
and wiring grooves for a wiring pattern connected to
the dummy via holes is also formed by lithography.
[0013] Then, a barrier metal layer 28 of Ta or TaN is
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formed on the second insulating film 29, including the
interior of the wiring grooves, via holes, and dummy
via holes. After forming Cu on top using, for example,
the plasma method, a second insulating film 29 is
formed over the entire surface, including the interiors
of the dummy via holes, via holes, and wiring grooves
using the plating method. Afterward, the Cu dual
damascene method is used to leave only Cu in the
wiring grooves, the dummy via holes, and the via
holes, by means of the CMP method, and contacts 26
are formed in the wiring grooves including the via
holes, which are connected to the wiring 24 made of
Cu and the impurity diffusion region 22. Dummy
contacts 27 are formed in the wiring grooves including
the dummy via holes, with Cu wiring 25 and the
bottom surface in contact with the first insulating film
23 (FIG. 5 (a)).

[0014] Next, the second insulating film 29 is removed,
for example, by an etching solution containing HF,
exposing the wiring 24, 25, the contacts 26, and the
dummy contacts 27 (FIG. 5 (b)). At this time, the
extent of the exposure of the upper layer Cu wiring is
adjusted by controlling the amount of etching of the
second insulating film 29, which is a silicon oxide film.
When the amount of etching in the second insulating
film 29 becomes greater than the depth of the upper
layer Cu wiring, removal of the insulating film under
the upper layer Cu wiring causes the upper layer Cu
wiring to become suspended, resulting in wiring
failure. Therefore, the dummy contacts formed in
advance serve to prevent wiring defects caused by
etching. Next, after exposing a portion of the upper
layer Cu wiring 24, 25 by etching, a third insulating
film 20, which is a low-k film such, is formed over the
entire surface of the semiconductor substrate 21 using
a coating method so that the Cu wiring films 24, 25
are covered (FIG. 6 (a)). Next, the surface of the third
insulating film 20, which is the low-k film, is CMP-
processed to flatten it. This flattening process
removes the low-k film on the wiring grooves. exposes
the Cu wiring 24, 25, and forms the wiring structure
of the semiconductor device (FIG. 6 (b)).

[0015] In this example, because the insulating film
that is damaged by dry etching plasma used to form
dummy via holes, via holes, and wiring grooves or by
ashing used to remove the photoresist comes off,
there is no damage to the low-k film, resulting in a
stable wiring structure. In addition, the dummy
contacts support the wiring so that it does not collapse
or come off when the insulating film is removed until
the low-k film is formed, resulting in wiring with high
mechanical strength.

[0016] A third example will now be described with
reference to FIG. 7. FIG. 7 is a plan view of the
semiconductor device and a cross-sectional view of
the portion along line A-A’ in the plan view. A first
insulating film 22, such as a silicon oxide film having
a film thickness of approximately 800 nm, is formed
on a semiconductor substrate 31, such as silicon, on
which semiconductor elements have been formed.
The surface of the first insulating film 2 is flattened,
and wiring grooves with a depth of approximately 400
nm are formed. The lower layer wiring is embedded in
these wiring grooves. The lower wiring consists of
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lower layer Cu wiring 36 and a barrier metal layer 35
made of Ta or TaN, which is formed to envelope the
lower layer Cu wiring 36. Next, a 500 nm-thick silicon
nitride (SiN) stopper 37 is formed to prevent
overetching of anisotropic etching, such as reactive
ion etching (RIE), which is used to form via holes in
the second insulating film on the first insulating film
32 so as to cover the lower layer wiring. Also, a third
insulating film 33 consisting of a silicon oxide film is
formed on top.

[0017] A fourth insulating film 39, which is a low-k
film, is formed on top of the third insulating film 33.
The upper layer wiring and contacts are embedded in
the third and fourth insulating films 33, 39. The third
and fourth insulating films 33, 39 include wiring
grooves with via holes and wiring grooves with
dummy via holes. In the wiring groove including via
holes, contacts 42 are formed that connect the upper
layer Cu wiring 40 and the lower layer Cu wiring 36,
and in the wiring groove including dummy via holes,
dummy contacts 43 are formed in which the upper
layer Cu wiring 41 and the bottom surface come into
contact with the first insulating film 32. In the
example described above, the dummy contacts are
column-shaped like the contacts, but the dummy
contacts are not connected to the lower layer wiring
or the semiconductor substrate. Therefore, unlike
contacts that exist to connect wiring layers or wiring
layers with impurity diffusion regions, which are
subject to shape restrictions, any shape is permitted
for the dummy contacts as long as there is no wiring
or impurity diffusion region at the bottom.

[0018] In this example, the contacts are column-
shaped, and the column-shaped bodies are plate-
shaped bodies that are connected continuously.
Because of this structure, sufficient mechanical
strength is ensured even when the insulating film
comes off, thereby improving the strength of the
wiring structure. In addition, because the dummy
contacts are not connected to the lower wiring, they
do not have to have the same shape as the contacts,
such as a column shape. For example, as shown in
this example, it is possible to form a continuous body
by connecting a plurality of dummy contacts in series.
This depends on the state of the base insulating film.
[0019]

[Effect of the Invention] When using low-k film as an
interlayer insulating film, conventional Cu wiring is
prone to plasma damage when forming via hole
patterns and wiring patterns in the low-k film,
resulting in wiring delamination and an increase in
actual insulation capacitance. A step can be added to
remove this damaged layer, but this increases the via
diameter and wiring dimensions. In contrast, the low-
k film in the present invention is not exposed to
plasma, so this problem is avoided. In addition, the
dummy contacts support the wiring so that it does not
collapse or come off when the insulating film is
removed until the low-k film is formed, and this can
sufficiently support the method of removing the
insulating film in the present invention.
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[Brief Description of the Drawings]

[FIG. 1] FIG. 1 is a cross-sectional view of
manufacturing step for the semiconductor device
the first example of the present invention.

[FIG. 2] FIG. 2 is a cross-sectional view of
manufacturing step for the semiconductor device
the first example of the present invention.

[FIG. 3] FIG. 3 is a cross-sectional view of
manufacturing step for the semiconductor device
the first example of the present invention.

[FIG. 4] FIG. 4 is a cross-sectional view of
manufacturing step for the semiconductor device
the first example of the present invention.

[FIG. 5] FIG. 5 is a cross-sectional view of
manufacturing step for the semiconductor device
the second example of the present invention.
[FIG. 6] FIG. 6 is a cross-sectional view of
manufacturing step for the semiconductor device
the second example of the present invention.
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[FIG. 7] FIG. 7 is a cross-sectional view of a
manufacturing step for the semiconductor device in
the third example of the present invention.

[FIG. 8] FIG. 8 is a cross-sectional view of a
manufacturing step for a semiconductor device of the
prior art.

[FIG. 9] FIG. 9 is a cross-sectional view of a
manufacturing step for a semiconductor device of the
prior art.

[Reference Numbers]

1, 10, 21, 31: Semiconductor substrate

2, 3,21, 23, 29, 107: Insulating film

5, 8, 28, 35, 38, 101, 112: Barrier metal layer

6,11, 12, 24, 25, 36, 40, 41, 102, 104, 105: Cu wiring
7, 37, 103: Silicon nitride stopper

9, 20, 39, 107: Insulating film (low-k film)

13, 26, 42, 113: Contact

14, 27, 43: Dummy contact

16, 110: Via hole

17: Dummy via hole

18, 19, 111: Wiring groove

[FIG. 2]
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[FIG. 3]
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[FIG. 6]
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[FIG. 5]
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[FIG. 8]
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[FIG. 9]
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F Terms (Reference)

5F033

5F058

HH11 HH21 HH32 1301 JJ11
3321 3332 KK11 KK21 KK32
MMO1 MM02 MM12 MM13 PP26
QQ09 QQ10 QQ13 QQ16 QQ19
QQ25 QQ37 QQ48 RRO4 RRO6
RR21 SS11 VVO1 XX00 XX14
XX23

AA10 ACO3 ACO5 AEO1 AE10
AF04 AG10 AHO2 BDO01 BDO02
BD04 BD09 BF02 BH20 B]02
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Certification of Accuracy of Translation

Sun IP Project # 25-3238
Japanese to English translation of D4_Fukazawa_JP2002299437A

I, Frank McGee, hereby certify that the attached Japanese to English translation is, to the best
of my knowledge, a true and accurate translation of “D4_Fukazawa JP2002299437A"” The
translated text reflects the content, meaning and style of the original text and constitutes a true
and accurate translation of the original document.

May 19, 2025

e —

Frank McGee

Sun IP | 555 E City Ave STE 940, Bala Cynwyd, PA 19004 | (215) 344-7800 | www.sunip.com
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