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INTERCONNECTION STRUCTURE AND

METHOD FOR FORMING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
The disclosure of Japanese Patent Application No. 2003-404437 filed on December
3, 2003 including specification, drawings and claims is incorporated herein by reference in

its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to interconnection structures and methods for forming
the 'strﬁctures.

To meet recent increase in the speed and integration density of electronic devices
such as semiconductor devices, copper (Cu) having low resistance has been more
frequently used as an interconnect material.

FIG. 19B is a cross-sectional view showing an example of a conventional
multilevel interconnection structure formed by using Cu. As shown in FIG. 19B, a first
interconnect 2 is buried in an insulating film 1 formed on a semiconductor substrate (not
shown), and a SiN film 3, a SiO; film 4 and a FSG (fluorine-doped silicate glass, i.e.,
fluorine-doped silicon oxide) film S are formed in this order over the insulating film 1 and
the first interconnect 2. A via hole 6 is formed through the SiO; film 4 and the SiN film 3
to reach the first interconnect 2. An interconnect trench 7 is formed in the FSG film 5 to
reach the via hole 6. A barrier film 8 and a Cu film 9 are buried in this order in the via
hole 6 and the interconnect trench 7, thereby forming a via 10 and a second interconnect 11
in the via hole 6 and the interconnect trench 7, respectively. A SiN film 12 is formed on

the FSG film § and the second interconnect 11.
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As shown in FIG. 19B, the first interconnect 2 and the second interconnect 11 are
electrically connected to each other by way of the via 10. Each of the first interconnect 2
and the second interconnect 11 is electrically connected to another element (now shown) or
an external electrode (not shown.) In this manner, the first interconnect 2, the via 10 and
the second interconnect 11 constitute part of a closed circuit in actual use.

FIG. 19C is a plan view showing the multilevel interconnection structure shown in
FIG. 19B when viewed above. As shown in FIG. 19C, the first interconnect 2 has a width
smaller than that of the second interconnect 11. Specifically, the width of the first
interconnect 2 is 0.2 um, the diameter of the via 10 (the via hole 6) is 0.20 um, and the
width of the second interconnect 11 is 10 um.

FIGS. 18A through 18C and 19A are cross-sectional views showing respective
process steps of a conventional method for forming the multilevel interconnection structure
shown in FIG. 19B (see Japanese Unexamined Patent Publication (Kokai) No. 2000-
331991))

First, as shown in FIG. 18A, an insulating film 1 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 2 is formed in the
insulating film 1.

Next, as shown in FIG. 18B, a SiN film 3, a SiO, film 4 and a FSG film 5 are
formed in this order over the insulating film 1 and the first interconnect 2 by a plésma
chemical vapor deposition (plasma CVD) process. Thereafter, lithography and dry etching
are alternately performed twice (i.e., lithography and dry etching are each performed
twice), thereby forming a via hole 6 through the SiO; film 4 and the SiN film 3 to reach the
first interconnect 2 and also forming an interconnect trench 7 in the FSG film 5 to reach
the via hole 6.

Then, as shown in FIG. 18C, a barrier film 8 is deposited by a physical vapor
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deposition (PVD). process to fill the via hole 6 and the interconnect trench 7. Then, a Cu
film 9 is formed by a plating process on the barrier film 8 to completely fill the via hole 6
and the interconnect trench 7.

Thereafter, as shown in FIG. 19A, parts of the barrier film 8 and the Cu film 9
extending off the interconnect trench 7 are removed by a chemical/mechanical polishing
(CMP) process. In this manner, a second interconnect 11 is formed in the interconnect
trench 7, and a via 10 connecting the first interconnect 2 and the second interconnect 11 to
each other is formed in the via hole 6.

Lastly, a SiN film 12 is deposited over the FSG film S and the second interconnect
11 (the Cu film 9), thus completing the multilevel interconnection structure shown in FIG.

19B.

SUMMARY OF THE INVENTION

However, this conventional multilevel interconnection structure has the following
drawbacks. A large number of vacancies are present in the Cu film 9 deposited by plating.
When the multilevel interconnection structure is held at high temperature, these vacancies
move along the gradient of stress. Specifically, if compressive stress inside the via 10 is
higher than compressive stress inside the second interconnecfc 11, ie, if tensile stress
inside the via 10 is lower than tensile stress inside thle second interconnect 11, vacancies
flow from the second interconnect 11 into the via 10. In particular, in a multilevel
interconnection structure as shown in FIGS. 19B and 19C, the volume of the second
interconnect 11 is much greater than that of the via 10, so that a large number of vacancies
flow from the second interconnect 11 into the via 10. As a result, as shown in FIG. 20A
plastic deformation occurs in a part of the Cu film 9 constituting the via 10, so that a void

13 is created in the via hole 6. If the electrical connection between the first interconnect 2

Page 5



10

15

20

25

and the second interconnect 11 is broken by this void 13, the device malfunctions.

It is therefore an object of the present invention to achieve a highly-reliable
multilevel interconnection structure which does not cause malfunction even when the
structure is held at high temperature.

To achieve the object, a first interconnection structure accordihg to the present
invention includes: a lower interconnect, an upper interconnect; a first insulating film
provided between the lower interconnect and the upper interconnect, and a second
insulating film provided under the first insulating film, wherein the lower interconnect and
the upper interconnect are connected to each other by way of a via formed in the first
insulating film, at least one dummy via is connected to the upper interconnect, the lower
interconnect is formed in the second insulating film, and the bottom of the dummy wvia is
located in the second insulating film.

In the first interconnection structure, the dummy via is provided on the upper
interconnect near the via, so that vacancies in a part of a conductive film constituting the
upper interconnect are divided and respectively flow into tﬁe via and t};e dummy via. That
is, the dummy via reduces the stress gradient from the upper interconnect to the via.
Accordingly, even when the interconnection étructure is held at high temperature, flowing
of vacancies from the upper interconnect to the via is suppressed. As a result, plastic
deformation of a part of the conductive film constituting the via, i.e., occurrence of a void
inside the via hole, is suppressed, so that a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented.

In addition, in the first interconnection structure, the bottom of the dummy via is
located in the second insulating film below the first insulating film. Therefore, a hole for

forming the dummy via is deeper than a hole for forming the via (i.e., a via hole.)
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Accordingly, the stress gradient between the upper interconnect and the dummy via is
steeper than that between the upper interconnect and the via. As a result, flowing of
vacancies from the part of the conductive film constituting the upper interconnect into the
dummy via precedes that into the via. This more effectively suppresses plastic
deformation of the part of the conductive film constituting the via, i.e., occurrence of a
void in the via hole. As a result, the reliability of the multilevel interconnection structure is
further enhanced.

A dummy via and a dummy interconnect herein means a pseudo via or a pseudo
interconnect which do not constitute a closed circuit in actual use of a device with an
interconnection structure including these via and interconnect (i.e., no current flows therein
during actual use of the device.)

In the first interconnection structure, the bottom of the dummy via may be
connected to a dummy interconnect formed in the second insulating film. Then, a hole for
forming a dummy via is easily formed by etching the first insulating film with the dummy
interconnect used as an etching stopper.

In the first interconnection structure, a third insulating film may be formed on the
upper interconnect, and the dummy via may be formed in the third insulating film such that
the bottom of the dummy via is connected to the upper interconnect.

In the first interconnection structure, the dummy via preferably has a diameter
smaller than that of the via.

Then, the diafneter of the hole for the dummy via is smaller than that of the hole for
the via (i.e., the via hole). In other words, the volume of the dummy via is smaller than
that of the via. Accordingly, the stress gradient between the upper interconnect and the
dummy via is steeper than that between the upper interconnect and the via. As a result,

flowing of vacancies from a part of the conductive film constituting the upper interconnect
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into the dummy via precedes that into the via. This more effectively suppresses plastic
deformation of a part of the conductive film constituting the via, i.e., occurrence of a void
in the via hole. As a result, the reliability of the multilevel interconnection structure is
further enhanced.

In the first interconnection structure, the dummy via is preferably substantially
rectangular in a plan view, and the length of the dummy via and the width of the upper
interconnect are provided along the same direction in the plan view.

Then, vacancies which are present in a part of the conductive film constituting the
upper interconnect opposite the via with respect to the dummy via flow into the dummy
via, so that it is possible to prevent these vacancies from reaching the via. This more
effectively suppresses plastic deformation of a part of the conductive film constituting the
via, i.e., occurrence of a void in the via hole. As a result, the reliability of the multilevel
interconnection structure is further enhanced.

In the first interconnection structure, the via may be substantially circular in a plan
view, and the dummy via may have a shape different from that of the via in the plan view.

In the first interconnection structure, the dummy via is preferably closer to a center
of the upper interconnect than the via is. In other words, the distance between the via and
the end of the upper interconnect opposite the via with respect to the dummy via (Which
will be also referred to as the end of the upper interconnect toward the dummy via) is
preferably longer than the distance between the via and the other end of the upper
interconnect, i.e., the end of the upper interconnect toward the via.

Then, the distance between the via and the end of the upper interconnect toward the
dummy via is longer than the distance between the via and the other end of the upper
interconnect. In other words, a first region in the upper interconnect between the end

thereof toward the dummy via and the via is larger than a second region in the upper
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interconnect between the other end thereof and the via. Therefore, the first region contains
a larger number of vacancies than the second region. In addition, the dummy via is
provided in this first region, so that vacancies more effectively flow into the dummy via.
This more effectively suppresses plastic deformation of a part’of the conductive film
constituting the via, i.e., occurrence of a void in the via hole. As a result, the reliability of
the multilevel interconnection structure is further enhanced.

In the first ir;terconnection structure, the via and the dummy via are preferably
spaced at a distance of 1 um or less.

Then, the effect of making part of vacancies which are to flow into the via flow into
the dummy via is ensured. The space between a via (a via hole) and a dummy via (a
dummy hole) herein means the space between the edge of the via toward the dummy via
and the edge of the dummy via toward the via. The minimum space is set in accordance
with the minimum isolation width between interconnects or vias defined by the design rule,
for example.

A second interconnection structure according to the present invention includes: a
lower interconnect; an upper interconnect; and a first insulating film provided between the
lower interconnect and the upper interconnect, wherein the lower interconnect and the
upper interconnect are connected to each other by way of a via formed in the first
insulating film, and at least one insulating slit is formed in the upper interconnect.

In the second interconnection structure, the insulating slit is provided in the upper
interconnect near the via, so that the tensile stress on a part of the upper interconnect near
the via is lower than that on the other part of the upper interconnect. That is, the insulating
slit reduces the stress gradient from the upper interconnect to the via. Accordingly, even
when the interconnection structure is held at high temperature, flowing of vacancies from

the upper interconnect toward the via is suppressed. In addition, the insulating slit is made
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of a material different from that for a conductive film constituting the upper interconnect
and the via, so that the insulating slit acts as a barrier against movement of atoms or
vacancies in the conductive film. This prevents convection of atoms inside the upper
interconnect and the via or accumulation of vacancies on the bottom of the via. As a
result, plastic deformation of a part of the conductive film constituting the via, ie.,
occurrence of a void inside the via hole, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented. |

In the second interconnection structure, the insulating slit may be a part of the first
insulating film provided between the lower interconnect and the upper interconnect, for
example.

In the second interconnection structure, the insulating slit may be in contact wi‘;h a
portion of the upper interconnect connected to the via. In such a case, if the insulating slit
is substantially rectangular in a plan view, the length of the insulating slit is greater than or
equal to twice and less than or equal to four times as large as the diameter of the via in the
plan view, and a longer side of the insulating slit in the plan view is in contact with the
portion of the upper interconnect connected to the via, the foregoing advantages are
obtained. |

In the second interconnection structure, it is preferable that the insulating slit is
substantially rectangular in a plan view, the length of the insulating slit is greater than or
equal to twice and less than or equal to ten times as large as the diameter of the via in the
plan view, and the length of the insulating slit and the width of the upper interconnect are
provided along the same direction in the plan view.

Then, even in a case where the insulating slit is apart from a portion of the upper

interconnect connected to the via, the following advantage is obtained. Flowing of
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vacancies which are present in a part of a conductive film cbnstituting the upper
interconnect opposite the via with respect to the insulating slit is blocked by the insulating
slit, so that these vacancies do not reach the via. In addition, the insulating slit is closer to
the center of the upper interconnect than the via is. In other words, the distance between
the via and the end of the upper interconnect opposite the via with respect to the insulating
slit (which will be also referred to as the end of the upper interconnect toward the
insulating slit) is longer than the distance between the via and the other end of the upper
interconnect, i.e., the end of the upper interconnect toward the via, so that a first region in
the upper interconnect between the end thereof toward the insulating slit and the via is
larger than a second region in the upper interconneét between the other end thereof and the
via. Therefore, the first region contains a larger number of vacancies than the second
region. In addition, the insulating slit is provided in this first region, so that movement of
vacancies i1s more effectively prevented by the insulating slit. This more effectively
suppresses plastic deformation of a part of the conductive film constituting the via, ie.,
occurrence of a void in the via hole. As a result, the reliability of the multilevel
interconnection structure is further enhanced.

In the second interconnection structure, the insulating slit is preferably closer to a
center of the upper interconnect than the via is.

In the second interconnection sfructure, the via and the insulating slit are preferably
spaced at a distance of 1 um or less.

Then, the effect of preventing movément of vacancies which are to flow into the
via by using the insulating slit is obtained. The space between a via (a via hole) and an
insulating slit herein means the space between the edge of the via toward the insulating slit
and the edge of the insulating slit toward the via. As described above, the insulating slit

may be in contact with the portion of the upper interconnect connected to the via. In this
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case, the space between the via and the insulating slit is zero.

A third interconnection structure according to the present invention includes: a
lower interconnect; an upper interconnect; and a first insulating film provided between the
lower interconnect and the upper interconnect, wherein the lower interconnect and the
upper interconnect are connected to each other by way of a via formed in the first
insulating film, the upper interconnect is divided into a first interconnect portion having a
relatively large interconnect width and a second interconnect portion having a relatively
small interconnect width, the via is connected to the second interconnect portion, at least
one dummy portion connected to the upper interconnect is provided on the first insulating
film, and a distance between the dummy portion and a branch point between the first
interconnect portion and the second interconnect portion is smaller than a distance between
the dummy portion and an edge of the second interconnect portion opposite to the branch
point. |

In the third interconnection structure, not only advantages similar to those obtained
by the first interconnection structure but also the following advantage is obtained.
Vacancies which are to enter a second interconnect portion (a narrow interconnect portion)
from a first interconnect portion (a wide interconnect portion) and flow into the via are
effectively captured in the dummy portion. As a result, the number of devices
malfunctioning when being held at high temperature is further reduced.

In the third interconnection structure, the dummy portion may be connected- to the
first interconnect portion or the second interconnect portion, and a distance between the
dummy portion and the branch point may be smaller than a distance between the dummy
portion and an edge of the second interconnect portion opposite to the branch point. The
distance between the dummy portion and the branch point may be 1 um or less. The

dummy portion may have a shape similar to that of the via or be substantially rectangular

10
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in a plan view.

In the third interconnection structure, if the second interconnect portion has an
interconnect width of 0.20 pm or less, the foregoing advantages are more remarkable than
those in a conventional interconnection structure.

A first method for forming an interconnection structure according to the present
invention includes the steps of: depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect, at least one
dummy hole located near the via hole, and an upper interconnect trench connected to the
via hole and the dummy hole; and depositing a conductive material in the upper
interconnect trench, the via hole and the dummy hole, thereby forming an upper
interconnect, a via for connecting the lower interconnect and the upper interconnect to each
other, and a dummy via connected to the upper interconnect and insulated from the lower
interconnect, wherein the lower interconnect is formed in a second insulating film under
the first insulating film, and the dummy hole is formed such that the bottom of the dummy
hole is located in the second insulating film.

With the first method, the first interconnection structure according to the present
invention is formed, so that advantages similar to those obtained by the first
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

A second method for forming an interconnection structure according to the present
invention includes the steps of: depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a Qia hole reaching the lower interconnect and an
upper interconnect trench connected to the via hole; depositing a conductive material in
the upper interconnect trench and the via hole, thereby forming an upper interconnect and

a via for connecting the lower interconnect and the upper interconnect to each other;

11
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depositing a second insulating film on the upper interconnect; forming, in the second
insulating film, a dummy hole reaching the upper interconnect and located near the via;
and depositing a conductive material in the dummy hole, thereby forming at least one
dummy via.

With the second method, the first interconnection structure according to the present
invention 1s formed, so that advantages similar to those obtained by the first
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

In the first or secqnd method, the via hole and the dummy hole are preferably
spaced at a distance of 1 pum or less.

Then, part of vacancies which are to flow into the via flow into the dummy via.

A third method for forming an interconnectiqn structure according to the present
invention includes the steps of: depositing a first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect and an
upper interconnect trench connected to the via hole; and depositing a conductive material
in the upper interconnect trench and the via hole, thereby forming an upper interconnect
and a via for connecting the lower interconnect and the upper interconnect to each other,
wherein the step of forming the via hole and the upper interconnect trench includes the step
of leaving part of the first insulating film in the upper interconnect trench near the via hole,
thereby forming an insulating slit.

With the third method, the second interconnection structure according to the
present invention is formed, so that advantages similar to those obtained by the second
interconnection structure are obtained. To form a \;ia or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

A fourth method for forming an interconnection structure according to the present

12
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invention includes the steps of: depositing é first insulating film on a lower interconnect;
forming, in the first insulating film, a via hole reaching the lower interconnect, an upper
interconnect trench connected to the via hole and divided into a first trench with a
relatively large width and a second trench with a relatively small width, and a recess
provided near a branch point between the first trench and the second trench; and depositing
a conductive material in the upper interconnect trench, the via hole and the recess, thereby
forming an upper interconnect, a via for connecting the lower interconnect and the upper
interconnect to each other and a dummy portion connected to the upper interconnect and
insulated from the lower interconnect, wherein a first interconnect portion constituting the
upper interconnect is formed in the first trench and a second interconnect portion
constituting the upper interconnect is formed in the second trench.

With the fourth method, the third interconnection structure according to the present
invention is formed, so that advantages similar to those obtained by the third
interconnection structure are obtained. To form a via or an upper interconnect, a
damascene process such as a dual damascene process or other processes may be used.

As described above, according to the present invention, a dummy via or an
insulating slit is provided on/in the upper interconnect near via, so that it is possible to
prevent flowing of vacancies from an upper interconnect toward a via constituting a closed
circuit together with the upper interconnect in actual use. Accordingly, plastic deformation
of a part of a conductive film constituting the via, i.e., occurrence of a void in a via hole, is
suppressed, resulting in a highly-reliable multilevel interconnection structure. The present
invention relates to interconnection structures and methods for forming the structures, and

is useful especially when applied to electronic devices such as semiconductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIGS. 1A through 1C are cross-sectional views showing respective process steps of
a method for forming an interconnection structure according to a first embodiment of the
present invention.

FIGS. 2A and 2B are cross-sectional views showing respective process steps of the
method for forming the interconnection structure of the first embodiment, and FIG. 2C is a
plan view showing the interconnection structure of the first embodiment.

FIG. 3 is a graph showing how an effect achieved by the first embodiment (i.e., the
effect of suppressing malfunction after a device has been held at high temperature)
depends on a via-to-dummy via space.

FIG. 4 is a plan view showing an interconnection structure according to a modified
example of the first embodiment.

FIG. 5 is a graph showing how an effect achieved by the modified example of the
first embodiment (i.e., the effect of suppressing malfunction after a device has been held at
high temperature) depends on an interconnect width (i.e., the width of a narrow
interconnect on which a via is formed.)

FIGS. 6A through 6C are cross-sectional views showing respective process steps of
a method for forming an interconnection structure according to a second embodiment of
the present invention.

FIGS. 7A and 7B are cross-sectional views showing respective process steps of the
method for forming the interconnection structure of the second embodiment, and FIG. 7C
is a plan view showing the interconnection structure of the second embodiment.

FIG. 8A is a cross-sectional view showing an interconnection structure according to
a third embodiment of the present inventiori, and FIG. 8B is a plan view showing the
interconnection structure of the third embodiment.

FIG. 9A is a cross-sectional view showing an interconnection structure according to

14
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a fourth embodiment of the present invention, and FIG. 9B is a plan view showing the
interconnection structure of the fourth embodiment.

FIG. 10 is a plan view showing an interconnection structure according to a
modified example of the fourth embodiment.

FIGS. 11A through 11C are cross-sectional views showing respective process steps
of a method for forming an interconnection structure according to a fifth embodiment of
the present invention.

FIGS. 12A through 12C are cross-sectional views showing respective process steps
of the method for forming the interconnection structure of the fifth embodiment.

FIGS. 13A and 13B are cross-sectional views showing respective process steps of
the method for forming the interconnection structure of the fifth embodiment, and FIG.
13C is a plan view showing the interconnection structure of the fifth embodiment.

FIGS. 14A through 14C are cross-sectional views showing respective process steps
of a method for forming an interconnection structure according to a sixth embodiment of
the present invention.

FIGS. 15A and 15B are cross-sectional views showing respective process steps of
the method for forming the interconnection structure of the sixth embodiment, and FIG.
15C is a plan view showing the interconnection structure of the sixth embodiment.

FIG. 16 1s a graph showing an effect achieved by the sixth embodiment (i.e., the
effect of suppressing malfunction after a device has been held at high temperature).

FIG. 17A is a cross-sectional view showing an interconnection structure according
to a seventh embodiment of the present invention, and FIG. 17B is a plan view showing the
interconnection structure of the seventh embodiment.

FIGS. 18A through 18C are cross-sec.tional views showing respective process steps

of a conventional method for forming an interconnection structure.
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FIGS. 19A and 19B are cross-sectional views showing respective process steps of
the conventional method for forming an interconnection structure, and FIG. 19C is a plan
view showing the conventional interconnection structure.

FIG. 20A is a view for explaining problems in the conventional interconnection
structure, and FIG. 20B is an illustration for explaining a result of an examination carried

out by the present inventor on problems in the conventional interconnection structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Principle of the present invention)

First, for a phenomenon in which a void occurs in a via hole in a conventional
multilevel interconnection structure, a result of an examination carried out by the present
inventor (i.e., a mechanism of this phenomenon) will be described.

A metal film is affected by its surrounding films depending on an interconnection
structure including the metal film. For example, as shown in FIG. 20B, a metal film (e.g.,
a Cu film) formed in part of an interconnect trench with a narrow interconnect width
provided in an insulating film is slightly stretched by its surrounding insulating films. That
is, this Cu film is under relatively low tensile stress. On the other hand, a Cu film formed
in part of the interconnect trench with a wide interconnect width in the insulating film is
strongly stretched by its surrounding insulating films. That is, this Cu film is under
relatively high tensile stress. Such tensile stress occurs mainly because of the difference in
a thermal expansion coefficient between a metal film and an insulating film or because of
shrinkage of the metal film resulting from thermal load in a subsequent step. The tensile
stress greatly changes depending on the shapes of the interconnect trench and the via hole,
the placement density and others.

A metal film made of Cu or another metal generally has a crystal structure in which
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atoms are relatively regularly arranged immedaately after formation of the film. To form a
Cu film, which is mainly used as an interconnect material, is generally formed by
electroplating. The Cu film formed by electroplating contains a large number of vacancies.
In addition, in the interconnection structure shown in FIG. 20B, vacancies contained in the
Cu film are more likely to gather in a portion of the Cu film where tensile stress is low than
in a portion thereof whére tensile stress is high. This is because stress applied from the
neighboring insulating films to the crystal structure of the Cu film is relaxed by entering of
vacancies into the portion of the Cu film with low tensile stress, i.e., entering of Cu atoms
into the portion of the Cu film with high tensile stress.

Accordingly, when the flexibility of Cu atoms and vacancies is enhanced by, for
example, application of heat to the interconnection structure, vacancies move along the
stress gradient in the Cu film, i.e., move from the portion of the Cu film with high tensile
stress to the portion of the Cu film with low tensile stress (where the direction of
movement of Cu atoms is opposite to that of vacancies.) As a result, vacancies readily
gather in part of the interconnection structure with a narrow interconnect width or the
bottom or corners of the interconnect, and thus voids readily occur.

Based on the foregoing finding, the following embodiments of the present
invention are made to implement a technical idea in which the stress gradient in a
conductive film serving as an interconnect is reduced so as to suppress the movement of
vacancies in the conductive film and thereby to avoid occurrence of a void in the
interconnect after forrﬁation thereof.

EMBODIMENT 1: A case where a via and a dummy via are provided in the same layer
(basic structure)
Hereinafter, an interconnection structure and a method for forming the structure

according to a first embodiment of the present invention will be described with reference to
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the drawings.

FIG. 2B is a cross-sectional view showing the interconnection structure of the first
embodiment. As shown in FIG. 2B, a first interconnect 102A and a dummy interconnect
102B are buried in an insulating film 101 formed on the semiconductor substrate (not
shown). A SiN film 103, a SiO; film 104 and an FSG film 105 are stacked over the
insulating film 101, the first interconnect 102A and the dummy interconnect 102B. A via
hole 106A and a dummy via hole (dummy hole) 106B are formed in the SiO; film 104 and
the SiN film 103 to reach the first interconnect 102A and the dummy interconnect 102B,
respectively. An interconnect trench 107 is formed in the FSG film 105 to be connected to
the via hole 106A and the dummy hole 106B. A barrier film 108 and a Cu film 109 are
buried in this order in the via hole 106A, the dummy hole 106B and the interconnect trench
107, thereby forming a via 110A, a dummy via 110B, and a second interconnect 111 in the
via hole 106A, the dummy hole 106B and the interconnect trench 107, respectively. The
dummy via 110B is connected to the second interconnect 111 near the via 110A. A SiN
film 112 is formed on the FSG film 105 and the second interconnect 111.

As shown in FIG. 2B, the first interconnect 102A and the second interconnect 111
are electrically connected to each other by way of the via 110A. Each of the first
interconnect 102A and the second interconnect 111 is electrically connected to another
element (now shown) or an external electrode (not shown.) In this manner, the first
interconnect 102A, the via 110A and the second interconnect 111 constitute part of a
closed circuit in actual use. On the other hand, neither the dummy interconnect 102B nor
the dummy via 110B constitutes a closed circuit in actual use. That is, even if the dummy
interconnect 102B and the dummy via 110B are omitted in the interconnection structure
shown in FIG. 2B, a device with this interconnection structure is operable at least

immediately after fabrication.
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FIG. 2C is a plan view showing the multilevel interconnection structure shown in
FIG. 2B when viewed above. As shown in FIG. 2C, in this embodiment, each of the first
interconnect 102A and the dummy interconnect 102B has a width smaller than that of the
second interconnect 111. Specifically, the width of each of the first interconnect 102A and
the dummy interconnect 102B is, for example, 0.2 um, the diameter of each of the via
110A (the via hole 106A) and the dummy via 110B (the dummy hole 106B) is, for
example, 0.20 pm, and the width of the second interconnect 111 is, for example, 10 pum.
The space between the via 110A and the dummy via 110B, more specifically, the space
between the edge of the via 110A toward the dummy via 110B and the edge of the dummy
via 110B toward the via 110A is 0.2 um, for example. In the present invention, if the
planar shape (the shape in plan view) of a via (via hole) is a circle, the diameter of the via
(via hole) is the diameter of this circle whereas if the planar shape of the via (via hole) is a
square, the diameter of the via (via hole) is the length of a side of this square.

FIGS. 1A through 1C and FIG. 2A are cross-sectional views showing respective
process steps of a method for forming the multilevel interconnection structure shown in
FIG. 2B according to the first embodiment.

First, as shown in FIG. 1A, an insulating film 101 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 102A and a dummy
interconnect 102B are formed in the insulating film 101.

Next, as shown in FIG. 1B, a SiN film 103, a SiO; film 104 and a FSG film 105 are
formed in this order over the insulating film 101, the first interconnect 102A and the
dummy interconnect 102B by a plasma CVD process, for example. Thereafter,
lithography and dry etching are alternately performed twice (i.e., lithography aﬁd dry
etching are each performed twice), thereby forming a via hole 106A and a dummy hole

106B in the SiO, film 104 and the SiN film 103 to reach the first interconnect 102A and
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the dummy interconnect 102B, respectively, and also forming an interconnect trench 107
in the FSG film 10S to reach the via hole 106A and the dummy hole 106B.

Then, as shown in FIG. 1C, a barrier film 108 is deposited by a PVD process, for
example, to partly ﬁll‘the via hole 106A, the dummy hole 106B and the interconnect trench
107. Then, a Cu film 109 is formed by a plating process, for example, on the barrier film
108 to completely fill the via hole 106A, the dummy hole 106 B and the interconnect trench
107. ‘.

Thereafter, as shown in FIG. 2A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to éonnect the first interconnect 102A
and the second interconnect 111 to each other, and a dummy via 110B is formed in the
dummy hole 106B to connect the dummy interconnect 102B and the second interconnect
111 to each other. The dummy via 110B is not connected to the first interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105 and the second
interconnect 111 (the Cu film 109), thus completing the multilevel interconnection
structure shown in FIG. 2B.

With the foregoing interconnection structure and the method for forming the
structure according to the first embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110B is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110B. That is, the dummy via

110B reduces the number of vacancies flowing into each via so that the stress gradient
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from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconneétion structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented.

In the first embodiment, the dummy interconnect 102B is provided under the
dummy via 110B (the dummy hole 106B). Accordingly, the dummy hole 106B is easily
formed by etching the SiO; film 104 and the SiN film 103 with the dummy interconnect
IOZB used as an etching stopper.

In the first embodiment, the space between the via 110A and the dummy via 110B
(i.e., the space between the via hole 106A ahd the dummy hole 106B: hereinafter referred
to as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dummy via
110B, the via-to-dummy via space is preferably 25 um or less and is more preferably 1 pm
or less. The minimum via-to-dummy via space can be set in accordance with the minimum
isolation width (e.g., 0.2 um) between interconnects or vias defined by the design rule, for
example. If the minimum isolation width between interconnects is set substantially equal
to the minimum interconnect width, the minimum via-to-dummy via space may be set in
accordance with the minimum interconnect width.

FIG. 3 shows how an effect achieved by the present invention (i.e., the effect of
suppressing malfunction after a device has been held at high temperature) depends on a
via-to-dummy via space. In FIG. 3, the ordinate indicates “the number of devices

malfunctioning after being held at high temperature” and the abscissa indicates “via-to-
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dummy via space (um)”. The “without dummy via” in the abscissa corresponds to a case
where the via-to-dummy via space is unlimited. As shown in FIG. 3, as the via-to-dummy
via space decreases, the number of malfunctioning devices decreases. In other words, the
effect of the present invention becomes remarkable. This is because as the via-to-dummy
via space decreases, vacancies which are to gather in the via are more likely to be absorbed
in the dummy via.

However, as shown in FIG. 3, when the via-to-dummy via space is 30 um or more,
it is difficult to effectively suppress occurrence of a void in the via by using the dummy

via. This is because of the following reason. Vacancies moves within a limited range and

‘therefore it is difficult for the dummy via to absorb vacancies which are to enter the via

when the via-to-dummy via space is large. Accordingly, when the via-to-dummy via space
is large, especially when the via-to-dummy via space greatly exceeds 30 um, the incidence
of voids is substantially equal to that in the case of “without dummy via”. As a result, the
number of devices malfunctioning after being held at high temperature is not sufficiently
reduced.

In the first embodiment, the number of dummy vias 110B provided for one via
110A is preferably as large as possible. Specifically, it is preferable to provide dummy
vias 110B as many as possible on a part of the second interconnect 111 where the dummy
vias 110B do not affect circuit operation.

MODIFIED EXAMPLE OF EMBODIMENT 1

Hereinafter, an interconnection structure and a method for forming the structure
according to a modified example of the first embodiment will be described with reference
to the drawings.

FIG. 4 is a plan view showing the interconnection structure of the modified

example of the first embodiment.
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As shown in FIG. 4, this modified example is different from the first embodiment
(see FIG. 2C) in the following ways. First, the second interconnect 111 includes: a wide
interconnect portion 111a héving a width of 10 pum, for example; and a narrow
interconnect portion 111b having a width of 0.20 pm, for example, and branching off from
the wide interconnect portion 111a. Second, the via 110A (the via hole 106A) is
connected to the narrow interconnect portion 111b. Third, a plurality of dummy vias 110B
(the dummy holes 106B) are connected to the branch point between the wide interconnect
portion 111a and the narrow interconnect portion 111b and to portions of the wide
interconnect portion 111a near the branch point.

That is, the method for forming the interconnection structure vaccording to this
modified example is different from that of the first embodiment in that in the process step
shown in FIG. 1B, the interconnect trench 107 divided into a first trench with a relatively
large width is formed and a second trench with a relatively small width and the dummy
holes 106B are also formed near the branch point between the first trench and the second
trench.

In this modified example, not only the advantages obtained by the first embodiment
but also the following advantage is obtained. Vacancies which are to enter the narrow
interconnect portion 111b from the wide interconnect portion 111a and flow into the via
110A are effectively captured in the dummy vias 110B. As a result, the number of devices
malfunctioning when being held at high temperature is further reduced.

In this modified example, one or more dummy vias 110B (dummy holes 106B)
may be connected to the branch point between the wide interconnect portion 111a and the
narrow interconnect portion 111b or portions of the wide interconnect portion 111a near
the branch point. However, the dummy vias 110B are not necessarily provided only at the

branch point or its neighboring portions. For example, if a dummy via 110B is located in
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part of the narrow interconnect portion 111b relatively near the wide interconnect portion
111a, most of vacancies which are to enter the via 110A are captured in the dummy via
110B before reaching the via 110A. Accordingly, it is possible to prevent occurrence of a
void in the via 110A.

In this modified example, the distance between the branch point and each of the
dummy vias 110B is preferably smaller than the distance between an edge of the wide
interconnect portion 111a opposite to the branch point and each of the dummy vias 110B.

In this modified example, dummy vias 110B each having substantially the same
shape as that of the via 110A in plan view are provided. Alternatively, dummy portions
each having a shape (e.g., a rectangle) different from that of the via 110A in plan view may
be provided.

FIG. 5 shows how an effect achieved by the dummy via 110B of this modified

example (i.e., a dummy portion formed in part of the wide interconnect portion 111a near

the branch point, for example) depends on a via-formed interconnect width (i.e., the width
of the narrow interconnect portion 111b where the via 110A is formed.) In FIG. §, the
ordinate indicates “the number of devices malfunctioning after being held at high
temperature” and the abscissa indicates “via-formed interconnect width (um)”. The
“without dummy via” in the abscissa corresponds to a case where no dummy via 110B is
provided on the wide interconnect portion 111a near the branch point. As shown in FIG.
5, in a case where the width of the. interconnect portion 111b on which the via 110A is
formed is about 10 um, i.e., the width of the interconnect'portion 111b is substantially
equal to that of the interconnect portion 111a to which the interconnect portion 111b is
connected, even if a dummy via (dummy portion) is formed near the branch point between

these interconnect portions, the number of malfunctioning devices does not change greatly.

That is, if the width of the interconnect portion 111b on which the via 110A is formed is
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relatively large, the interconnect portion 111b contains a large amount of metal.
Accordingly, this interconnect portion 111b is likely to contain a large number of defects
such as voids caused by the presence of metal. As a result, the number of malfunctioning
devices is relatively large depending on the amount of metal contained in the interconnect
portion 111b. -

On the other hand, as the width of the interconnect portion 111b on which the via
110A is formed decreases, the amount of metal contained in the interconnect portion 111b
decreases. Accordingly, the number of defects occurring in the interconnect portion 111b
due to the presence of metal slightly decreases. However, as the interconnect portion 111b
becomes narrower, the diameter of the via 110A provided on the interconnect portion 111b
decreases, so that defects such as voids are more likely to concentrate in the via 110A. In
view of this, as shown in FIG. 4, the dummy via (dummy portion) 110B is formed near the
branch point between the narrow interconnect portion 111b on which the via 110A is
formed and the wide interconnect portion 111a. In this manner, the incidence of
malfunction is reduced in accordance with reduction of the interconnect width of the
narréw interconnect portion 111b, as shown in FIG. §. This is because the number of
defects 6ccurn'ng in the metal film decreases with reduction of the interconnect width and,
in addition, defects which are to concentrate in the via are absorbed in the dummy vias in
advance. Specifically, as the width of the interconnect poftion 111b on which thé via
110A is formed decreases, i.e., the diameter of the via 110A decreases, a larger number of
defects are absorbed in the dummy vias 110B. This absorbing effect is remarkable
especially when the width of the narrow interconnect portion 111b is about 0.20 pm or
less, as shown in FIG. 5.

EMBODIMENT 2: A case where a via and a dummy via are provided in the same layer

(without a dummy interconnect)
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Hereinafter, an interconnection structure and a method for forming the structure
according to a second embodiment of the present invention will be described with
reference to the drawings.

FIG. 7B is a cross-sectional view showing the interconnection structure of the
second embodiment. FIG. 7C is a plan view showing the multilevel interconnection
structure shown in FIG. 7B when viewed from above. In FIGS. 7B and 7C, components
already described in the first embodiment with reference to FIGS. 1A through 1C and 2A
through 2C are denoted by the same reference numerals, and detailed description thereof
will be omitted.

As shown in FIGS. 7B and 7C, the second embodiment is different from the first
embodiment in the following ways. The dummy interconnect 102B is not provided, a
dummy hole 106C deeper than the dummy hole 106B is provided instead of the dummy
hole 106B, and a dummy via 110C is formed in the dummy hole 106C instead of the
dummy via 110B. That is, the bottom of the dummy via 110C (the dummy hole 106C) is
located in an insulating film 101, and the dummy hole 106C is deeper than a via hole
106A.

In this embodiment, the dummy via 110C is also connected to a second
interconnect 111 near the via 110A.

As shown in FIG. 7B, the dummy via 110C does not constitute a closed circuit in
actual use. In other words, even if the dummy hole 106C is omitted in the interconnection
structure shown in FIG. 7B, a device with this interconnect.ion structure is operable at least
immediately after fabrication.

In addition, in this embodiment, a first interconnect 102A has a width smaller than
that of the second interconnect 111, as shown in FIG. 7C. Specifically, the width of the

first interconnect 102A is, for example, 0.2 um, the diameter of each of the via 110A (the
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via hole 106A) and the dummy via 110C (the dummy hole 106C) is, for example, 0.20 um,
and the width of the second interconnect 111 is, for example, 10 um. The space between
the via 110A and the dummy via 110C, more specifically, the space between the edge of
the via 110A toward the dummy via 110C and the edge of the dummy via 110C toward the
via 110A is 0.2 um, for example.

FIGS. 6A through 6C and 7A are cross-sectional views showing respective process
steps of a method for forming the multilevel interconnection structure shown in FIG. 7B
according to the second embodiment.

First, as shown in FIG. 6A, an insulating film 101 is formed on the surface of a
semiconductor substrate (not shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 6B, a SiN film 103, a SiO, film 104 and a FSG film 105 are
formed in this order over the insulating film 101 and the first interconne;:t 102A by a
plasma CVD process, for example. Thereafter, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming a dummy hole 106C in the SiO; film 104, the SiN
film 103 and the insulating film 101. In addition, an interconnect trench 107 is formed in
the FSG film 105 to reach the via hole 106A and the dummy hole 106C.

Then, as shown in FIG. 6C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A, the dummy hole 106C and the interconnect
trench 107. Then, a Cu film 109 is formed by a plating process, for example, on the barrier
film 108 to completely fill the via hole 106A, the dummy hole 106C and the interconnect
trench 107.

Thereafter, as shown in FIG. 7A, parts of the barrier film 108 and the Cu film 109
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extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnect 102A
and the second interconnect 111 to each other. A dummy via 110C connected only to the
second interconnect 111 is formed in the dummy hole 106C. In other words, the dummy
via 110C is not connected to the first interconnect 102A.

Lastly, a SiN film 112 is deposited over the FSG film 105 and the second

.interconnect 111 (the Cu film 109), thus completing the multilevel interconnection

structure shown in FIG. 7B.

With the foregoing interconnection structure and the method for forming the
structure according to the second embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110C is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110C. That is, the dummy via
110C reduces the number of vacancies flowing into each via so that the stress gradient
from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 1'10A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which does not cause malfunction even when held at high
temperature is implemented.

In the second embodiment, the resultant multilevel interconnection structure is
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more reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the dummy hole 106C is deeper than the via hole 106A.
Accordingly, the stress gradient between the second interconnect 111 and the dummy via
110C is steeper than that between the second interconnect 111 and the via 110A, so that
flowing of vacancies from the part of the conductive film (the Cu film 109) constituting the
second interconnect 111 into the dummy via 110C precedes that into the via 110A. This
more effectively suppresses plastic deformation of the part of the conductive film (the Cu
film 109) constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a
result, the resultant multil_evel interconnection structure is more reliable than that obtained
in the first embodiment.

In the second embodiment, the space between the via 110A and the dummy via
110C (i.e., the space between the via hole 106A and the dummy hole 106C: hereinafter
referred to as a via-to-dummy via space) is preferably as small as possible. To obtain the
effect of reducing the number of vacancies flowing into the via 110A by using the dummy
via 110C, the via-to-dummy via space is preferably 25 um or less and is more preferably 1
pm or less. Then, the effect of making part of vacancies which are to flow into the via
110A flow into the dummy via 110C is ensured. The minimum via-to-dummy via space
can be set in accordance with the minimum isolation width (e.g., 0.2 pum) between
interconnects or vias defined by the design rule, for example. If the minimum isolation
width between interconnects is set substantially equal to the minimum interconnect width,
the minimum via-to-dummy via space may be set in accordance with the minimum
interconnect width.

In the second embodiment, the number of dummy vias 110C provided for one via
110A is preferably as large as possible. Specifically, it is preferable to provide dummy

vias 110C as many as possible on a part of the second interconnect 111 where the dummy
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vias 110C do not affect circuit operation.

In addition, in the second embodiment, if the second interconnect 111 includes a
wide interconnect portion having a width of, for example, about 10 um and a narrow
interconnect portion having a width of, for example, about 0.20 pm or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, one or more dummy vias 110C (dummy holes 106C)
are preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect portion or to part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the dummy vias
110C. The dummy vias 110C are not necessarily provided only at the branch point or its
neighboring portions. For example, if a dummy via 110C is located in part of the narrow
interconnect portion relatively near the wide interconnect portion, most of vacancies which
are to enter the via 110A are captured in the dummy via 110C before reaching the via
110A. Accordingly, it is possible to prevent occurrence of a void in the via 110A. As a
result, the number of devices malfunctioning when held at high temperature is further
reduced.

EMBODIMENT 3: A case where a via and a dummy via are provided in the same layer
(with a smaller dummy via)

Hereinafter, an interconnection structure and a method for forming the structure
according to a third embodiment of the present invention will be descfibed with reference
to the drawings.

FIG. 8A is a cross-sectional view showing the interconnection structure of the third
embodiment. FIG. 8B is a plan view showing the multilevel interconnection structure

shown in FIG. 8A when viewed from above. In FIGS. 8A and 8B, components already
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described in the first embodiment with reference to FIGS. 1A through 1C and 2A through
2C are denoted by the same reference numerals, and detailed description thereof will be
omitted.

As shown in FIGS. 8A and 8B, the third embodiment is different from the first
embodiment in the following ways. Instead of the dummy hole 106B, a dummy hole 106D
with a diameter smaller than that of the dummy hole 106B is provided and a dummy via
110D is provided in the dummy hole 106D instead of the dummy via 110B. That is, in this
embodiment, the diameter of the dummy hole 106D (the dummy via 110D) is smaller that
of a via hole 106A (a via 110A).

In this embodiment, the dummy via 110D is connected to a second interconnect
111 near the via 110A.

As shown in FIG. 8A, neither a dummy interconnect 102B nor the dummy via
110D constitutes a closed circuit in actual use. In other words, even if the dummy via
110D is omitted in the interconnection structure shown in FIG. 8A, a device with this
interconnection structure is operable at least immediately after fabrication.

In addition, in this embodiment, the width of each of a first interconnect 102A and
the dummy interconnect 102B is smaller than that of the second interconnect 111, as
shown in FIG. 8B. Specifically, the width of each of the first interconnect 102A and the
dummy interconnect 102B is, for example, 0.2 um, the diameter of the via 110A (the via
hole 106A) is, for example, 0.20 um, the diameter of the dummy via 110D (the dummy
hole 106D) is, for example, 0.16 um, and the width of the second interconnect 111 is, for
example, 10 um. The space between the via 110A and the dummy via 110D, more
specifically, the space between the edge of the via 110A toward the dummy via 110D and
the edge of the dummy via 110D toward the via 110A is 0.24 pum, for example.

A method for forming the multilevel interconnection structure shown in FIG. 8A
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according to the third embodiment is different from that of the first embodiment (shown in
FIGS. 1A through 1C, 2A and 2B) only in that the dummy hole 106D reaching the dummy
interconnect 102B and having a diameter smaller than that of the dummy hole 106B is
formed instead of the dummy hole 106B in the process step shown in FIG. 1B. That is, the
layout of a mask pattern for forming the dummy hole only needs to be changed.

With the foregoing interconnection structure and the method for forming the
structure according to the third embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 110D is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting tl‘le second interconnect 111 are divided and
respectively flow into the via 110A and the dummy via 110D. That is, the dummy via
110D reduces the number of vacancies flowing into each via so that the stress gradient
from the second interconnect 111 to the via 110A is reduced. Accordingly, even when the
interconnection structure is held at high temperature, flowing of vacancies from the second
interconnect 111 into the via 110A is suppressed. As a result, plastic deformation of a part
of the conductive film (the Cu film 109) constituting the via 110A, i.e., occurrence of a
void inside the via hole 106A, is suppressed, so that a highly-reliable multilevel
interconnection structure which hardly causes malfunction even when held at high
temperature is implemented.

In the third embodiment, the resultant multilevel interconnection structure is more
reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the diameter of the dummy hole 106D (the dummy via
110D) is smaller than that of the via hole 106A (the via 110A). In other words, the volume

of the dummy via 110D is smaller than that of the via 110A. Accordingly, the stress
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gradient between the second interconnect 111 and the dummy via 110D is steeber than that
between the second interconnect 111 and the via 110A, so that flowing of vacancies from
the part of the conductive film (the Cu film 109) constitut'ing the second interconnect 111
into the dummy via 110D precedes that into the via 110A. This more effectively
suppresses plastic deformation of the part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
resultant multilevel interconnection structure is more reliable than that obtained in the first
embodiment.

In addition, in the third embodiment, the dummy interconnect 102B is provided
under the dummy via 110D (the dummy hole 106 D). Accordingly, the dﬁmmy hole 106D
is easily formed by etching the SiO; film 104 and the SiN film 103 with the dummy
interconnect 102B used as an etching stopper.

In the third embodiment, the space between the via 110A and the dummy via 110D
(i.e., the space between the via hole 106A and the dummy hole 106D: hereinafter referred
to as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dummy via
110D, the via-to-dummy via space is preferably 25 um or less and is more preferably 1 pym
or less. Then, part of vacancies which are to flow into the via 110A flow into the dummy
via 110D. The minimum via-to-dummy via space can be set in accordance with the
minimum isolation width (e.g., 0.2 um) between interconnects or vias defined by the
design rule, for example. If the minimum isolation width between interconnects is set
substantially equal to the minimum interconnect width, the minimum via-to-dummy via
space may be set in accordaﬁce with the minimum interconnect width.

In the third embodiment, the number of dummy vias 110D provided for one via

110A is preferably as large as possible. Specifically, it is preferable to provide dummy
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vias 110D as many as possible on a part of the second interconnect 111 where the dummy
vias 110D do not affect circuit operation.

In addition, in the third embodiment, if the second interconnect 111 includes a wide
interconnect portion having a width of, for example, about 10 um and a narrow
interconnect portion having a width of, for example, about0.20 um or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, one or more dummy vias 110D (dummy holes 106D)
are preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect pprtion or to part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the dummy via
110D. The dummy vias 110D are not necessarily provided only at the branch point or its
neighboring portions. For example, if a dummy via 110D is located on the narrow
interconnect portion relatively near the wide interconnect portion, most of vacancies which
are to enter the via 110A are captured in the dummy via 110D before reaching the via
110A. Accordingly, it is possible to prevent occurrence of a void in the via 110A. As a
result, the number of devices malfunctioning when held at high temperature is further
reduced.

Moreover, in the third embodiment, instead of the dummy interconnect 102B, the
dummy via 110D (the dummy hole 106D) may be formed such that the bottom of the
dummy via 110D is located in the insulating film 101. Then, the dummy hole 106D is
deeper than the via hole 106A. This makes the stress gradient between the second
interconnect 111 and the dummy via 110D much steeper than that between the second
interconnect 111 and the via 110A as compared to the first embodiment. Accordingly,

flowing of vacancies from the part of the conductive film (the Cu film 109) constituting the
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second interconnect 111 into the dummy via 110D precedes that into the via 110A. This
more effectively suppresses plastic deformation of the part of the conductive film (the Cu
film 109) constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a
result, the reliability of the resultant multilevel interconnection structure is further
enhanced.

EMBODIMENT 4: A case where a via and a dummy via are provided in the same layer
(where the shape of a dummy via is changed)

Hereinafter, an interconnection structure and a method for forming the structure
according to a fourth embodiment of the present invention will be described with reference
to the drawings.

FIG. 9A is a cross-sectional view showing the interconnection structure of the
fourth embodiment. FIG. 9B is a plan view showing the multilevel interconnection
structure shown in FIG. 9A when viewed from above. In FIGS. 9A and 9B, components
already described in the first embodiment with reference to FIGS. 1A through 1C and 2A
through 2C are denoted by the same reference numerals, and detailed description thereof
will be omitted.

As shown in FIGS. 9A and 9B, the fourth embodiment is different from the first
embodiment in the following ways. Instead of the dummy hole 106B, a dummy trench
106E which has a shape different from that of the dummy hole 106B (i.e., the via hole
106A), more specifically, which is longer than the via hole 106A in a plan view, is
provided. In addition, instead of the dummy via 110B, a dummy portion 110E is provided
in the dummy trench 106E. The dummy trench 106E (the dummy portion 110E) is
rectangular, for example, in the plan view. The length (i.e., the longer sides) of the dummy
portion 110E and the width (i.e., the shorter sides) of a second interconnect 111 are

provided along the same direction in the plan view. The dummy portion 110E is
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connected to the second interconnect 111 near a via 110A (the via hole 106A). The
dummy portion 110E is closer to the center of the second interconnect 111 than the via
110A is. In other words, the distance between the via 110A and the end of the second
interconnect 111 opposite the via 110A with respect to the dummy portion 110E is longer
than the distance between the via 110A and the other end of the second interconnect 111,
i.e., the end of the second interconnect 111 toward the via 110A.

As shown in FIG. 9A, neither the dummy interconnect 102B nor the dummy
portion 110E constitutes a closed circuit in actual use. In other words, even if the dummy
portion 110E is omitted in the interconnection structure shown in FIG. 9A, a device with
this interconnection structure is operable at least immediately after fabrication.

In addition, in this embodiment, the width of each of a first interconnect 102A and
a dummy interconnect 102B is smaller than that of the second interconnect 111, as shown
in FIG. 9B. Specifically, the width of each of the first interconnect 102A and the dummy
interconnect 102B is, for example, 0.2 um, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 pm, the length and width of the rectangular dummy portion
110E (the dummy trench 106E) are, for example; 0.8 um and 0.20 pm, respectively, and
the width of the second interconnect 111 is, for example, 10 um. The space between the
via 110A and the dummy portion 110E, more specifically, the space between the edge of
the via 110A toward the dummy portion 110E and the edge of the dummy portion 110E
toward the via 110A is 0.2 pm, for example.

A method for forming the multilevel interconnection structure shown in FIG. 9A
according to the fourth embodiment is different from that of the first embodiment (shown
in FIGS. 1A through 1C, 2A and 2B) only in that the dummy trench 106E reaching the
dummy interconnect 102B and having a rectangular shape in a plan view is formed instead

of the dummy hole 106B in the process step shown in FIG. 1B. That is, the layout of a
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mask pattern for forming the dummy hole only needs to be changed.

With the foregoing interconnection structure and the method for forming the
structure according to the fourth embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy portion 110E is
provided on the second interconnect 111 near the via 110A, so that vacancies in a part of a
conductive film (a Cu film 109) constituting the second interconnect 111 are divided and
respectively flow into the via 110A and the dummy portion 110E. That is, the dummy
portion 110E reduces the number of vacancies flowing into each via so that the stress
gradient from the second interconnect 111 to the via 110A is reduced. Ac’cordingl)'l, even
when the interconnection structure is held at high temperature, flowing of vacancies from
the second interconnect 111 into the via 110A is suppressed. As a result, plastic
deformation of a part of the conductive film (the Cu film 109) constituting the via 110A,
i.e., occurrence of a void inside the via hole 106A, is suppressed, so that a highly-reliable
multilevel interconnection structure which hardly causes malfunction even when held at
high temperature is implemented.

In the fourth embodiment, the resultant multilevel interconnection structure is more
reliable than that obtained in the first embodiment. This is because of the following
reasons. In this embodiment, the dummy trench 106E (the dummy portion 110E) is longer
than the via hole 106A (the via 110A) in a plan view and the length of the dummy portion
110E and the width of the second interconnect 111 are provided along the same direction
in the plan view. Accordingly, vacancies which are present in a part of the conductive film
(the Cu film 109) constituting the second interconnect 111 opposite the via 110A with
respect to the dummy portion 110E flow into the dummy portion 110E, so that it is

possible to prevent these vacancies from reaching the via 110A. This more effectively
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suppresses plastic deformation of the part of the conductive film (t};e Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
resultant multilevel interconnection structure is more reliable than that obtained in the first
embodiment.

In addition, in the fourth embodiment, the dummy portion 110E is closer to the
center of the seco‘nd interconnect 111 than the via 110A is. In other words, the distancg
between the via 110A and the end of the second interconnect 111 opposite the via 110A
with respect to the dummy portion 110E is longer than the distance between the via 110A
and the other end of the second interconnect 111, i.e., the .end of the second interconnect
111 toward the via 110A. Accordingly, the following advantage is obtained. A first region
in the second interconnect 111 between the via 110A and the end of the second
interconnect 111 toward the dummy portion 110K is larger than a second region in the
second interconnect 111 between the other end thereof and the via 110A, so that the first
region contains a larger number of vacancies than the second region. The dummy portion
110E is provided on this first region in the second interconnect 111, and thus vacancies
more effectively flow into the dummy portion 110E. This more effectively suppresses
plastic deformation of the part of the conductive film (the Cu film 109) constituting the via
110A, i.e, occurrence of a void in the via hole 106A. As a result, the reliability of the
resultant multilevel interconnection structure is further enhanced.

In addition, in the fourth embodiment, the dummy interconnect 102B is provided
under the dummy portion 110E (the dummy trench 106E). Accordingly, the dummy
trench 106E is easily formed by etching the SiO; film 104 and the SiN film 103 with the
dummy interconnect 102B used as an etching stopper.

In the fourth embodiment, the space between the via 110A and the dummy portion

110E (i.e., the space between the via hole 106A and the dummy trench 106E: hereinafter
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referred to as a via-to-dummy via space) is preferably as small as possible. To obtain the
effect of reducing the number of vacancies flowing into the via 110A by using the dummy
portion 110E, the via-to-dummy via space is preferably 25 um or less and is more
preferably 1 um or less. Then, the effect of making part of vacancies which are to flow
into the via 110A flow into the dummy portion 110E is ensured. The minimum via-to-
dummy via space can be set in accordance with the minimum isolation width (e.g., 0.2 um)
between interconnects or vias defined by the design rule, for example. If the minimum
isolation width between interconnects is set substantially equal to the minimum
interconnect width, the minimum via-to-dummy via space may be set in accordance with
the minimum interconnect width.

In the fourth embodiment, the number of dummy portions 110E provided for one
via 110A is preferably as large as possible. Specifically, it is preferable to provide dummy
portions 110E as many as possible on a part of the second interconnect 111 where the
dummy portions 110E do not affect circuit operation.

In the fourth embodiment, t'he dummy interconnect 102B is not necessarily
provided, and the dummy portion 110E (the dummy trench 106E) may be formed instead
such that the bottom thereof is located in the insulating film 101.

In the fourth embodiment, the planar shape of the via hole 106A (the via 110A)
different from that of the dummy trench 106E (the dummy portion 110E) is not limited
specifically, and may be a circle or a square, for example.

MODIFIED EXAMPLE OF EMBODIMENT 4

Hereinafter, an interconnection structure and a method for forming the structure

according to a modified example of the fourth embodiment will be described with

reference to the drawings.

FIG. 10 is a plan view showing the interconnection structure according to the
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modified example of the fourth embodiment.

As shown in FIG. 10, this modified example is different from the. fourth
embodiment (see FIG. 9B) in the following ways. First, the second interconnect 111
includes: a wide interconnect portion 111a having a width of 10 um, for example; and a
narrow interconnect portion 111b having a width of 0.20 um, for example, and branching
off from the wide interconnect portion 111a. Second, the via 110A (the via hole 106A) is
connected to the narrow interconnect portion 111b. Third, the dummy portiqn 110E (the
dummy trench 106E) is connected to the wide interconnect portion 111a near the branch
point between the wide interconnect portion 111a and the narrow interconnect portion
111b. In a case where the narrow interconnect portion 111b extends from a longer side of
the wide interconnect portion 111a as in this modified example, the length of the dummy
portion 110E and the length of the wide interconnect portion 111a are provided along the
same direction in the plan view, as shown in FIG. 10.

That is, the method for forming the interconnection structure according to this
modified example is different from that of the fourth embodiment in that in the process
step shown in FIG. 1B, the interconnect trench 107 divided into a first trench with a
relatively large width and a second trench with a relatively small width is formed and the
dummy trench 106E is also formed near the branch point between the first trench and the
second trench.

In this modified example, not only the advantages obtained by the fourth
embodiment but also the following advantage is obtained. Vacancies which are to enter
the narrow interconnect portion 111b from the wide interconnect portion 111a and flow
into the via 110A are effectively captured in the dummy portion 110E. As a result, the
number of devices malfunctioning when being held at high temperature is further reduced.

In addition, the advantage of this modified example obtained by using the dummy
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portion 110E (i.e., suppression of malfunction after a device has been held at high
temperature) is remarkable especially when the width of the narrow interconnect portion
111b is about 0.20 um or less, as in the modified example of the first embodiment.

EMBODIMENT 5: A case where a via and a dummy via are provided in different
layers

Hereinafter, an interconnection structure and a method for forming the structure
according to a fifth embodiment of the present invention will be described with reference
to the drawings.

FIG. 13B is a cross-sectional view showing the interconnection structure of the
fifth embodiment. FIG. 13C is a plan view showing the multilevel interconnection
structure shown in FIG. 13B when viewed from above. In FIGS. 13B and 13C,
components already described in the first embodiment with reference to FIGS. 1A through
1C and 2A through 2C or the second embodiment with reference to FIGS. 6A through 6C
and 7A through 7C, for example, are denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 13B and 13C, a first interconnect 102A 1is buried in an
insulating film 101 formed on a semiconductor substrate (not shown), and a SiN film 103,
a SiO; film 104 and an FSG film 105 are formed in this order over the insulating film 101
and the first interconnect 102A. A via hole 106A is formed through the SiO; film 104 and
the SIN film 103 to reach the first interconnect 102A. An interconnect trench 107 is
formed through the FSG film 105 to reach the via hole 106A. A barrier film i08 and a Cu
film 109 are buried in this order in the via hole 106A and the interconnect trench 107,
thereby forming a via 100A and a second interconnect 111 in the via hole 106A and the
interconnect trench 107, respectively.

A SiN film 112, a SiO; film 113 and an FSG film 114 are formed over the FSG
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film 10S and the second interconnect 111. A dummy via hole (dummy hole) 1185 is formed
through the FSG film 114, the SiO; film 113 and the SiN film 112 to reach the second
interconnect 111. A barrier film 116 and a Cu film 117 are buried in this order in the
dummy hole 115, thereby forming a dummy via 118 in the dummy hole 115. The dummy
via 118 is connected to the second interconnect 111 near the via 110A. A SiN film 119 is
formed over the FSG film 114 and the dummy via 118.

As described above, this embodiment is greatly different from the first through
fourth embodiments in that the dummy hole 115 (the dummy via 118) is not provided
under the second interconnect 111 but is provided above the second interconnect 111.

As shown in FIG. 13B, the dummy via 118 does not constitute any closed circuit in
actual use. In other words, even if the dummy via 118 is omitted in the interconnection
structure shown in FIG. 13B, a device with this interconnection structure is operable at
least immediately after fabrication.

In addition, as shown in FIG. 13C, in this embodiment, the first interconnect 102A
has a width smaller than that of the second interconnect 111. Specifically, the width of the
first interconnect 102A is, for example, 0.2 pm, the diameter of eachA of the via 110A (the
via hole 106A) and the dummy via 118 (the dummy hole 115) is, for example, 0.20 um,
and the width of the second interconnect 111 is, for example, 10 um. The space between
the via 110A and the dummy via 118, more specifically, the space between the edge of the
via 110A toward the dummy via 118 and the edge of the dummy via 118 toward the via
110A is 0.2 um, for example.

FIGS. 11A through 11C, 12A through 12C and 13A are cross-sectional views
showing respective process steps of a method for forming the multilevel interconnection
structure shown in FIG. 13B according to the fifth embodiment.

First, as shown in FIG. 11A, an insulating film 101 is formed on the surface of a
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semiconductor substrate (not shown), and then a first interconnect 102A is formed in the
insulating film 101.

Next, as shown in FIG. 11B, a SiN film 103, a SiO; film 104 and a FSG film 105
are formed in this order over the insulating film 101 and the first interconnect 102A by a
plasma CVD process, for example. Thereafter, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming an interconnect trench 107 in the FSG film 105 to
reach the via hole 106A.

Then, as shown in FIG. 11C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A and the interconnect trench 107. Then, a Cu film
109 is formed by a plating process, for example, on the barrier film 108 to completely fill
the via hole 106A and the interconnect trench 107.

Thereafter, as shown in FIG. 12A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnéct 102A
and the second interconnect 111 to each other.

Subsequently, as shown in FIG. 12B, a SiN film 112, a SiO; film 113 and an FSG
film 114 are formed in this order by, for example, a plasma CVD process over the FSG
film 105 and the second interconnect 111. Thereafter, lithography and dry etching are
performed, and thereby a dummy hole 115 is formed through the FSG film 114, the SiO,
film 113 and the SiN film 112 to reach the second interconnect 111.

Then, as shown in FIG. 12C, a barrier film 116 is formed by, for example, a PVD

process to partly fill the dummy hole 115. Thereafter, a Cu film 117 is formed by, for
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example, a plating process on the barrier film 116 to completely fill the dummy hole 115.

Subsequently, as shown in FIG. 13A, parts of the barrier film 116 and the Cu film
117 extending off the dummy hole 115 are removed by, for example, a CMP process. In
this manner, a dummy via 118 connected to the second interconnect 111 is formed in the
dummy hole 115.

Lastly, a SiN film 119 is deposited over the FSG film 114 and the dummy via 118
(the Cu film 117), thus completing the multilevel interconnection structure shown in FIG.
13B.

With the foregoing interconnection structure and the method for forming the
structure according to the fifth embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The dummy via 118 is provided
on the second interconnect 111 near the via 110A, so that vacancies in a part of the
conductive film (the Cu film 109) constituting the second interconnect 111 are divided and
respectively attracted to the via 110A and the dummy via 118. Specifically, in a portion of
the second interconnect 111 connected to the dummy via 118, tensile stress on a part of the
Cu film 109 constituting the second interconnect 111 is lower than that on its surrounding
portions. Accordingly, vacancies inside the Cu film 109 are attracted to the dummy via
118, so that even when the interconnection structure is held at high temperature, flowing of
vacancies from the second interconnect 111 into the via 110A is suppressed. As a result,
plastic deformation of a part of the conductive film (the Cu film 109) constituting the via
110A, i.e, occurrence of a void inside the via hole 106A, is suppressed, so that a highly-
reliable multilevel interconnection structure which does not cause malfunction even when
held at high temperature is implemented.

In the fifth embodiment, the space between the via 110A and the dummy via 118
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(i.e., the space between the via hole 106A and the dummy hole 115: hereinafter referred to
as a via-to-dummy via space) is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the dﬁmmy via 118,
the via-to-dummy via space is preferably 25 um or less and is more preferably 1 um or
less. The minimum via-to-dummy via space can be set in accordance with the minimum
isolation width (e.g., 0.2 um) between interconnects or vias defined by the design rule, for
example. If the minimum isolation width between interconnects is set substantially equal
to the minimum interconnect width, the minimum via-to-dummy via space may be set in
accordance with the minimum interconnect width.

In the fifth embodiment, the number of dummy vias 118 provided for one via 110A
is preferably as large as possible. Specifically, it is preferable to provide dummy vias 118
as many as possible on a part of the second interconnect 111 where the dummy vias 118 do
not affect circuit operation.

In the fifth embodiment, the top of the dummy via 118 is located in the insulating
films. Alternatively, the top of the dummy via 118 may be connected to a dummy
interconnect. In such a structure, after a hole for forming the dummy via 118 has been
formed by etching, etching for forming a dummy interconnect trench is performed, thus
ensuring removal of residues of the insulating film remaining on the bottom of the hole.
Accordingly, connection of the dummy via 118 to the second interconnect 111 is ensured,
resulting in that advantages of this embodiment are also obtained in this case.

In the fifth embodiment, if the diameter of the dummy via 118 (the dummy hole
115) is smaller than that of the via 110A (the via hole 106A), advantages similar to those
of the third embodiment are obtained.

In addition, in the fifth embodiment, if the dummy via 118 is rectangular in a plan

view and the length of this dummy via 118 and the width of the second interconnect 111
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are provided along the same direction in the plan view, advantages similar to those of the
fourth embodiment are obtained. In such a case, the dummy via 118 is preferably closer to
the center of the second interconnect 111 than the via 110A is. In other words, if the
distance between the via 110A and the end of the second interconnect 111 opposite the via
110A with respect to the dummy via 118 is longer than the distance between the via 110A
and the other end of the second interconnect 111, i.e., the end of the second interconnect
111 toward the via 110A, the foregoing advantages become more remarkable. In such a
case, the planar shape of the via hole 106A (the via 110A) is not specifically limited, and
may be a circle or a square, for example.

EMBODIMENT 6: Insulating slit 1

Hereinafter, an interconnection structure and a method for forming the structure
according to a sixth embodiment of the present invention will be described with reference
to the drawings.

FIG. 15B is a cross-sectional view showing the interconnection structure of the
sixth embodiment. FIG. 15C is a plan view showing the multilevel interconnection
structure shown in FIG. 15B when viewed from above. In FIGS. 15B and 15C,
components already described in the first embodiment with reference to FIGS. 1A through
1C and 2A through 2C or the second embodiment with reference to FIGS. 6A through 6C
and 7A through 7C, for example, are denoted by the same reference numerals, and detailed
description thereof will be omitted.

As shown in FIGS. 15B and 15C, a first interconnect 102A is buried in an
insulating film 101 formed on a semiconductor substrate (not shown), and a SiN film 103,
a SiO; film 104 and an FSG film 105 are formed in this order over the insulating film 101
and the first interconnect 102A. A via hole 106A is formed through the SiO, film 104 and

the SiN film 103 to reach the first interconnect 102A. An interconnect trench 107 is
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formed through the FSG film 10S to reach the via hole 106A. A barrier film 108 and a Cu
film 109 are buried in this order in the via hole 106A and the interconnect trench 107,
thereby forming a via 110A and a second interconnect 111 in the via hole 106A and the
interconnect trench 107, respectively.

A characteristic of this embodiment is that a pair of insulating slits 120 is provided
in the second interconnect 111 to sandwich a portion of the second interconnect 111
connected to the via 110A (a portion of the second interconnect 111 on the via 110A.) In
this embodiment, the insulating slits 120 are made of part of the FSG film 105 as an
inteﬂayer dielectric film. A SiN film 112 is formed over the FSG film 105 including the
insulating slits 120 and the second interconnect 111.

As shown in FIG. 15C, in this embodiment, the ﬁrst interconnect 102A has a width
smaller than that of the second interconnect 111. Specifically, the width of the first
interconnect 102A is, for example, 0.2 um, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 um, and the width of the second interconnect 111 is, for
example, 10 um. The shape of each of the insulating slits 120 is rectangular in a plan
view, and the length of each of the insulating slits 120 is greater than or equal to twice and
less than or equal to four times as large as the diameter of the via 110A in the plan view.
For example, the length and width of each of the insulating slits 120 in the plan view is 0.4
um and 0.2 um, réspectively. In this embodiment, a longer side of each of the insulating
slits 120 is in contact with the portion of the second interconnect 111 connected to the via
110A.

FIGS. 14A through 14C and FIG. 1S5A are cross-sectional views showing
respective pro‘cess steps of a method for forming the multilevel interconnection structure
shown in FIG. 15B according to the sixth embodiment.

First, as shown in FIG. 14A, an insulating film 101 is formed on the surface of a
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semiconductor substrate (not shown), and then a first interconnect 102A is formed in the

insulating film 101.

Next, as shown in FIG. 14B, a SiN film 103, a SiO- film 104 and a FSG film 105

.are formed in this order over the insulating film 101 and the first interconnect 102A by a

plasma CVD process, for example. Thereafter, lithography and dry etching are alternately
performed twice (i.e., lithography and dry etching are each performed twice), thereby
forming a via hole 106A in the SiO; film 104 and the SiN film 103 to reach the first
interconnect 102A and also forming an interconnect trench 107 in contact with the via hole
106A in the FSG film 105. In this embodiment, in forming the interconnect trench 107,
part of the FSG film 105 is left in the interconnect trench 107 to surround the via hole
106A, thereby forming insulating slits 120. Specifically, in a lithography process for
forming the interconnect trench 107, a resist pattern covering not only the part of the FSG
film 105 except for a region where the interconnect trench 107 is to be formed but also a
part of the FSG film 105 to be the insulating slits 120 is used. Then, the FSG film 105 is
etched using the resist pattern as a mask.

Then, as shown in FIG. 14C, a barrier film 108 is deposited by a PVD process, for
example, to partly fill the via hole 106A and the interconnect trench 107. Then, a Cu film
109 is formed by a plating process, for example, on the barrier film 108 to completely fill
the via hole 106A and the interconnect trench 107.

Thereafter, as shown in FIG. 15A, parts of the barrier film 108 and the Cu film 109
extending off the interconnect trench 107 are removed by a CMP process, for example. In
this manner, a second interconnect 111 is formed in the interconnect trench 107. In
addition, a via 110A is formed in the via hole 106A to connect the first interconnect 102A
and the second interconnect 111 to each.other.

Lastly, a SiN film 112 is deposited over the FSG film 105 including the insulating
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slits 120 and the second interconnect 111 (the Cu film 109), thus completing the multilevel
interconnection structure shown in FIG. 15B.

With the foregoing interconnection structure and the method for forming the
structure according to the sixth embodiment, a highly-reliable multilevel interconnection
structure which hardly causes malfunction even when held at high temperature is
implemented. This is because of the following reasons. The insulating slits 120 are
provided near a portion of the second interconnect 111 connected to the via 110A. This
portion of the second interconnect 111 will be also referred to as a via-connected portion.
Speciﬁpally, the insulating slits 120 are provided in the second interconnect 111 to be in
contact with the via-connected portion of the second interconnect 111. Accordingly,
tensile stress on a part of the second interconnect 111 near the via-connected portion is
lower than that on the other part of the second interconnect 111. The insulating slits 120
reduce the number of vacancies flowing into each via, so that the stress gradient from the
second interconnect 111 to the via 110A is reduced, so that even when the interconnection
structure is held at high temperature, flowing of vacancies from the second interconnect
111 into the via 110A is suppressed. In addition, the insulating slits 120 are made of a
material different from that for the conductive film (the Cu film 109) constituting the
second interconnect 111 and the via 110A, so that the insulating slits 120 act as barriers
against movement of atoms or vacancies in the conductive film. This prevents convection
of atoms inside the second interconnect 111 and the via 110A or accumulation of vacancies
on the I;ottom of the via 110A. As a result, plastic deformation of a part of the conductive
film (the Cu film 109) constituting the via 110A, i.e., occurrence of a void inside the via
hole 106A, is suppressed, so that a highly-reliable multilevel interconnection structure
which hardly causes malfunction even when held at high temperature is implemented.

FIG. 16 is a graph for explaining effects of this embodiment. In FIG. 16, the
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ordinate indicates “the number of devices malfunctioning after being held at high
temperature” and the abscissa indicates “the presence of an insulating slit”. The case of
“with slit” corresponds to this embodiment and the case of “without slit” corresponds to a
conventional exémple. As shown in FIG. 16, in the case of “with insulating slit” in this
embodiment, “the number of devices malfunctioning when being held at high temperature”
is reduced to about one-eighth of that in the case of “without slit”. This is because a slit
made of an insulgting film prevents a phenomenon in which atoms in a conductive film for
interconnection move and vacancies in the conductive film gatﬁer in a via. Specifically, if
a slit made of an insulating material different from a material for an interconnect is present
in an conductive film for interconnection, this slit acts as a barrier against movement of
atoms in the conductive film and also suppresses formation of a void resulting from
gathering of vacancies from the conductive film in a via. Accordingly, in the case of “with
insulating slit” in this embodiment, the number of devices malfunctioning when being held
at high temperature” is reduced.

In addition, in the sixth embodiment, each of the insulating slits 120 is rectangular
in a plan view. The length of each of the insulating slits 120 is greater than or equal to
twice and less than or equal to four times as large as the diameter of the via 110A in the
plan view. A longer side of each of the respective insulating slits 120 in the plan view is in
contact with a portion of the second interconnect 111 connected to the via 110A.
Accordingly, the foregoing advantages are ensured.

In the sixth embodiment, the shape and the number of the insulating slits 120 (the
number of the insulating slits 120 provided for one via 110A) are not specifically limited.

In the sixth embodiment, part of the FSG film 105 is used as the insulating slits
120. Alternatively, other insulating materials may be used instead. The insulating slits

120 may be replaced with slits made of another conductive material different from a

50

Page 52



10

15

20

25

conductive material constituting the second interconnect 111 and the via 110A.

Further, in the sixth embodiment, the insulating slits 120 are not necessarily in
contact with the portion of the second interconnect 111 connected to the via 110A.
However, in a case where the insulating slits 120 and the via-connected portion of the
second interconnect 111 are apart from each other, the space between each of the
insulating -slits 120 and the via-connected portion of the second interconnect 111, i.e., the
space between each of the insulating slits 120 and the via 110A, is preferably 1 pm or less
in order to ensure the foregoing advantages.

Furthermore, in the sixth embodiment, in a case where the second interconnect 111
includes: a wide interconnect portion having a width of about 10 uin, for example; and a
narrow interconnect portion having a width of about 0.20 pm or less, for example, and
branching off from the wide interconnect portion and if the via 110A (the via hole 106A) is
connected to the narrow interconnect portion, one or more insulating slits 120 are
preferably connected to the branch point between the wide interconnect portion and the
narrow interconnect portion or a part of the wide interconnect portion near the branch
point. Then, vacancies which are to enter the narrow interconnect portion from the wide
interconnect portion and flow into the via 110A are effectively captured in the insulating
slits 120. As a result, the number of devices malfunctioning when being held at high
temperature is further reduced.

EMBODIMENT 7: Insulating slit 2

Hereinafter, an interconnection structure and a method for forming the structure
according to a seventh embodiment of the present invention will be described with
reference to the drawings.

FIG. 17A is a cross-sectional view showing the interconnection structure of the

seventh embodiment. FIG. 17B is a plan view showing the multilevel interconnection
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structure shown in FIG. 17A when viewed from above. In FIGS. 17A and 17B,
components already described in the first embpdiment with reference to FIGS. 1A through
1C and 2A through 2C or the sixth embodiment with reference to FIGS. 14A through 14C
and 15A through 15C, for example, are denoted by the same reference numerals, and
detailed description thereof will be omitted.

As shown in FIGS. 17A and 17B, the seventh embodiment is different from the
sixth embodiment in the following ways. Instead of the insulating slits 120 in contact with
a portion of the second interconnect 111 connected to the via 110A, an insulating slit 121
longer than the insulating slits 120 is provided in the second interconnect 111 near the via-
connected portion of the second interconnect 111. In other words, the insulating slit 121 of
this embodiment is not in contact with the via-connected portion of the second interconnect
111. Specifically, the insulating slit 121 is rectangular, for example, in a plan view and the
length of the insulating slit 121 and the width of the second interconnect 111 are provided
along the same direction in the plan view. The insulating slit 121 is provided in the second
interconnect 111 near a portion of the second interconnect 111 connected to the via 110A
(the via hole 106A) and is closer to the center of the second interconnect 111 than the via
110A is. In other words, the distance between the via 110A and the end of the second
interconnect 111 opposite the via 110A with respect to the insulating slit 121 is longer than
the distance between the via 110A and the other end of the second interconnect 111, i.e,
the end of the second interconnect 111 toward the via 110A.

As shown in FIG. 17B, in this embodiment, the first interconnect 102A has a width
smaller than that of the second interconnect 111. Specifically, the width of the first
interconnect 102A is, for example, 0.2 pum, the diameter of the via 110A (the via hole
106A) is, for example, 0.20 pum, and the width of the second interconnect 111 is, for

example, 10 um. The length of the insulating slit 121 is greater than or equal to twice and
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less than or equal to ten times as large as the diameter of the via 110A in a plan view. For
example, the length and width of the insulating slit 121 in the plan view is 0.8 pm and 0.2
um, respectively. The space between the via 110A and the insulating slit 121, more
specifically, the space between the edge of the via 110A toward the insulating slit 121 and
the edge of the insulating slit 121 toward the via 110A is 0.2 um, for example.

A method for forming the multilevel interconnection structure shown in FIG. 17A
according to the seventh embodiment is different from that of the sixth embodiment (see
FIGS. 14A through 14C, 15A and 15B) in the following ways. In the process step shown
in FIG. 14B, more specifically, in forming the interconnect trench 107, part of the FSG
film 105 is left in the interconnect trench 107 to be slightly apart from the via hole 106A,
thereby forming the insulating slit 121 longer than the insulating slit 120, instead of the
insulating slit 120. Specifically, in a lithography process for forming the interconnect
trench 107, the layout of a mask pattern for forming the insulating silt only needs to be
changed.

With the foregoing interconnection structure and the method for forming the
structure according to the seventh embodiment, a highly-reliable multilevel interconnection
structure which does not cause malfunction even when held at high temperature is
implemented. This is because of the following reasons. The insulating slit 121 is provided
near a portion of the second interconnect 111 connected to the via 110A, so that tensile
stress on a portion near the via-connected portion of the second interconnect 111 is lower
than that on the other part of the second interconnect 111. The insulating slit 121 reduces
the number of vacancies flowing into each via, so that the stress gradient from the second
interconnect 111 to the via 110A is reduced. Accordingly, even when the interconnection
structure is held at high temperature, flowing of vacancies from the second interconnect

111 into the via 110A is suppressed. In addition, the insulating slit 121 is made of a
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material different from that for the conductive film (the Cu film 109) constituting the
second interconnect 111 and the via 110A, so that the insulating slit 121 acts as a barrier
against movement of atoms or vacancies in the conductive film. This prevents convection
of atoms inside the second interconnect 111 and the via 110A or accumulation of vacancies
on the bottom of the via 110A. As a result, plastic deformation of a part of the conductive
film (the Cu film 109) constituting the via 110A, i.e, occurrence of a void inside the via
hole 106A, is suppressed, so that a highly-reliable multilevel interconnection structure
which hardly causes malfunction even when held at high temperature is implemented.

In the seventh embodiment, the reliability of the multilevel interconnection
structure is further enhanced because of the following reasons. In this embodiment, the
insulating slit 121 is rectangular in a plan view and the length of the insulating slit 121 and
the width of the second interconnect 111 are provided along the same direction in the plan
view. The insulating slit 121 is located near the portion of the second interconnect 111
connected to the via 110A. Accordingly, flowing of vacancies which are present in a part
of the conductive film (the Cu film 109) constituting the second interconnect lil opposite
the via 110A with respect to the insulating slit 121 is blocked by the insulating slit 121, so
that these vacancies do not reach the via 110A. In addition, in this embodiment, the
insulating slit 121 is closer to the center of the second interconnect 111 than the via 110A
is. In other words, a first region in the second interconnect 111 between the via 110A and
the end of the second interconnect 111 opposite the via 110A with respect to the insulating
slit 121 is larger than a second region in the second interconnect 111 between the via 110A
and the other end of the second interconnect 111, i.e., the end of the second interconnect
111 toward the via 110A. Therefore, the first region contains a larger number of vacancies
than the second region. In addition, the insulating slit 121 is provided in this first region,

so that movement of vacancies is more effectively prevented. This more effectively
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suppresses plastic deformation of the part of the conductive film (the Cu film 109)
constituting the via 110A, i.e., occurrence of a void in the via hole 106A. As a result, the
reliability of the resultant multilevel interconnection structure is further enhanced.

In the seventh embodiment, the space betwéen the via 110A (the via hole 106A)
and the insulating slit 121 is preferably as small as possible. To obtain the effect of
reducing the number of vacancies flowing into the via 110A by using the insulating slit
121, this space is preferably 1 um or less. The insulating slit 121 may be in contact with a
portion of the second interconnect 111 connected to the via 110A.

In the seventh embodiment, the shape and the number of the insulating slit 121 (the
number of insulating slits 121 provided for one via liOA) are not specifically limited.

In the séventh embodiment, part of the FSG film 10S is used as the insulating slit
121. Alternatively, other insulating materials may be used. The insulating slit 121 may be
replaced with a slit made of another conductive material different from a conductive
material constituting the second interconnect 111 and the via 110A.

Moreover, in the seventh embodiment, if the second interconnect 111 includes a
wide interconnect portion having a width of, for example, about 10 pm and a narrow
interconnect portion having a width of, for example, about 0.20 um or less and branching
off from the wide interconnect portion and if the via 110A (the via hole 106A) is connected
to the narrow interconnect portion, the insulating slit 121 is preferably connected to the
wide interconnect portion near the branch point between the wide interconnect portion and
the narrow interconnect portion. In such a case, if the narrow interconnect portion extends
from a longer side of the wide interconnect portion, the length of the insulating slit 121 and
the length of the wide interconnect portion are provided along the same direction in the
plan view. Then, vacancies which are to enter the narrow interconnect portion from the

wide interconnect portion and flow into the via 110A are effectively captured in the
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insulating slit 121. As a result, the number of devices malfunctioning when held at high
temperature is further reduced.

In the first through seventh embodiments, a SiO; film (e.g., the SiO; film 104) and
an FSG film (e.g., the FSG film 105) are used as interlayer dielectric films between
interconnects. However, the types of the interlayer dielectric films are not specifically
limited.

In the first through seventh embodiments, a Cu film (e.g., the Cu film 109) is used
as an interconnect material. However, the type of the interconnect material is not
specifically limited. A material for a barrier film (e.g., the barrier film 108) is not
specifically limited, either.

In the first through seventh embodiments, a SiN film (e.g., the SiN film 112) is
formed as a protective film over a damascene interconnect (e.g., the first interconnect
102A or the second interconnect 111). However, this SiN film may not be formed.

The dummy vias and the insulating slits of the first through seventh embodiments
may be, of course, combined in various manners in order to achieve a technical idea of the
present invention, “movement of vacancies in a conductive film for an interconnect is
suppressed so that occurrence of a void in the interconnect after formation thereof is

prevented.”
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WHAT IS CLAIMED IS:

1. An interconnection structure comprising

a lower interconnect;

an upper interconnect;

a first insulating film provided between the lower interconnect and the upper
interconnect; and

a second insulating film provided under the first insulating film,

wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film,

at least one dummy via is connected to the upper interconnect,

the lower interconnect is formed in the second insulating film, and

the bottom of the dummy via is located in the second insulating film.

2. The interconnection structure of claim 1, wherein the bottom of the dummy via

is connected to a dummy interconnect formed in the second insulating film.

3. The interconnection structure of claim 1, wherein a third insulating film is
formed on the upper interconnect, and
the dummy via is formed in the third insulating film such that the bottom of the

dummy via is connected to the upper interconnect.

4. The interconnection structure of claim 1, wherein the dummy via has a diameter

smaller than that of the via.

5. The interconnection structure of claim 1, wherein the dummy via is substantially
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rectangular in a plan view, and
the length of the dummy via and the width of the upper interconnect are provided

along the same direction in the plan view.

5 6. The interconnection structure of claim 1, wherein the via is substantially circular
in a plan view, and

the dummy via has a shape different from that of the via in the plan view.

7. The interconnection structure of claim 1, wherein the dummy via is closer to a

10  center of the upper interconnect than the via is.

8. The interconnection structure of claim 3, wherein the dummy via is closer to a

center of the upper interconnect than the via is.

15 9. The interconnection structure of claim 1, wherein the via and the dummy via are

spaced at a distance of 1 pm or less.

10. An interconnection structure comprising;:
a lower interconnect;
20 an upper interconnect; and
a first insulating film provided between the lower interconnect and the upper
interconnect,
wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film, and

25 at least one insulating slit is formed in the upper interconnect.
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11. The interconnection structure of claim 10, wherein the insulating slit is in

contact with a portion of the upper interconnect connected to the via.

12.  The interconnection structure of claim 11, wherein the insulating slit is
substantially rectangular in a plan view,

the length of the insulating slit is greater than or equal to twice and less than or
equal to four times as large as the diameter of the via in the plan view, and

a longer side of the insulating slit in the plan view is in contact witﬁ the portion of

the upper interconnect connected to the via.

13. The interconnection structure of claim 10, wherein the insulating slit is
substantially rectangular in a plan view,

the length of the insulating slit is greater than or equal to twice and less than or
equal to ten times as large as the diameter of the via in the plan view, and

the léngth of the insulating slit and the width of the upper interconnect are provided

along the same direction in the plan view.

14. The interconnection structure of claim 10, wherein the insulating slit is closer

to a center of the upper interconnect than the via is.

15. The interconnection structure of claim 10, wherein the via and the insulating

slit are spaced at a distance of 1 pm or less.

16. An interconnection structure comprising;
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a lower interconnect;

an upper interconnect; and

a first insulating film provided between the lower interconnect and the upper
interconnect,

wherein the lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film,

the upper interconnect is divided into a first interconnect portion having a relatively
large interconnect width and a second interconnect portion having a rela’gively small
interconnect width,

the via is connected to the second interconnect portion,

at least one dummy portion connected to the upper interconnect is provided on the
first insulating film, and

a distance between the dummy portion and a branch point between the first
interconnect portion and the second interconnect portion is smaller than a distance between
the dummy portion and an edge of the second interconnect portion opposite to the branch

point.

17. The interconnection structure of claim 16, wherein the dummy portion is
connected to the second interconnect portion, and

a distance between the dummy portion and the branch point is smaller than a
distance between the dummy portion and an edge of the second interconnect portion

opposite to the branch point.

18. The interconnection structure of claim 16, wherein the dummy portion is

connected to the first interconnect portion, and
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a distance between the dummy portion and the branch point is smaller than a
distance between the dummy portion and an edge of the second interconnect portion

opposite to the branch point.

19. The interconnection structure of claim 16, wherein the distance between the

dummy portion and the branch point is 1 pm or less.

20. The interconnection structure of claim 16, wherein the dummy portion has a

shape similar to that of the via or is substantially rectangular in a plan view.

21. The interconnection structure of claim 16, wherein the second interconnect

portion has an interconnect width of 0.20 um or less.

22. A method for forming an interconnection structure, the method comprising the
steps of’

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect, at
least one dummy hole located near the via hole, and an upper interconnect trench
connected to the via hole and the dummy hole; and

depositing a conductive material in the upper interconnect trench, the via hole and
the dummy hole, thereby forming an upper interconnect, a via for connecting the lower
interconnect and the upper interconnect to each other, and a dummy via connected to the
upper interconnect and insulated from the lower interconnect,

wherein the lower interconnect is formed in a second insulating film under the first

insulating film, and
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the dummy hole is formed such that the bottom of the dummy hole is located in the

second insulating film.

23. The method of claim 22, wherein the via hole and the dummy hole are spaced

at a distance of 1 um or less.

24. A method for forming an interconnection structure, the method comprising the
steps of’

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect and
an upper interconnect trench connected to the via hole;

depositing a conductive material in the upper interconnect trench and the via hole,
thereby forming an upper interconnect and a via for connecting the lower interconnect and
the upper interconnect to each other;

depositing a second insulating film on the upper interconnect;

forming, in the second insulating film, a dummy hole reaching the upper
interconnect and located near the via; and

depositing a conductive material in the dummy hole, thereby forming at least one

dummy wvia.

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

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect and

an upper interconnect trench connected to the via hole; and
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depositing a conductive material in the upper interconnect trench and the via hole,
thereby forming an upper interconnect and a via for connecting the lower interconnect and
the upper interconnect to each other,

wherein the step of forming the via hole and the upper interconnect trench includes
the step of leaving part of the first insulating film in the upper interconnect trench near the

via hole, thereby forming an insulating slit.

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

depositing a first insulating film on a lower interconnect;

forming, in the first insulating film, a via hole reaching the lower interconnect, an
upper interconnect trench connected to the via hole and divided into a first trench with a
relatively large width and a second trench with a relatively small width, and a recess
provided near a branch point between the first trench and the second trench; and

depositing a conductive material in the upper interconnect trench, the via hole and

‘the recess, thereby forming an upper interconnect, a via for connecting the lower

interconnect and the upper interconnect to each other and a dummy portion connected to
the upper interconnect and insulated from the lower interconnect,

wherein a first interconnect portion constituting the upper interconnect is formed in

the first trench and a second interconnect portion constituting the upper interconnect is

formed in the second trench.
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ABSTRACT OF THE DISCLOSURE
A first insulating film is provided between a lower interconnect and an upper
interconnect. The lower interconnect and the upper interconnect are connected to each
other by way of a via formed in the first insulating film. A dummy via or an insulating slit

5 1s formed on/in the upper interconnect near the via.
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Prior U.S. Application(s):
Serial No. Filing Date Status: Patented, Pending, Abandoned

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.

POWER OF ATTORNEY:

As a named inventor, I hereby appoint the registered practitioners of McDermott Will & Emery
LLP, included in the Customer Number provided below, with full power of substitution and
revocation, to prosecute this application and to transact all business in the Patent and Trademark
Office connected therewith.

CUSTOMER NUMBER 20277

Send correspondence to the address associated with Customer Number 20277

McDERMOTT WILL & EMERY LLP
600 13th Street, N'W.
Washington, D. C. 20005-3096

Direct Telephone Calls to:  Telephone (202) 756-8000

Full name of sole or first inventor: Takeshi HARADA

I ntor' 1 i - . Date:
nventor's signature: Tokwohi M | November 24, 2004

Residence: Nigata, Japan

Citizenship: Japan

Post Office Address: 2-2-24-1102, Hon-cho, Joetsu-shi, Niigata 943-0832, Japan
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U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

12/03/2004 HLE333 00000001 500417 11000904

01 FC:1001 790.00 DR
02 FC:1201 392.00 DA
03 FC:1202 106.00 DA
PTO-1556
(5/87)

“U.S.:Govemment Printing Office: 2002 — 489-267/869033
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Application or Docket Number

izt e

CLAIMS AS FILED - PART | " SMALL ENTITY OTHER THAN
(Column 1) (Column 2) _ TYPE [ OR SMALL ENTITY
l TOTAL CLAIMS A4 RATE | FEE RATE | FEE
FOR . NUMBERFILED | NUMBER EXTRA BASIC FEE| 395.00 |oR [PASIC FEE] 790.00
.-/ " -
TOTAL CHARGEABLE CLAIMS 7& minus 20= |* ,é X$ 9= orl xs18= / 0 g(
INDEPENDENT CLAIMS <7 minus 3 = T Q/ " X44= or| x8s= %‘;
i' MULTIPLE DEPENDENT CLAIM PRESENT ' D ‘
: , +150= OR|] +300=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL :Z Z
CLAIMS AS AMENDED - PART Il ' OTHER THAN
(Column 1) (Column 2)  (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
. : : ADDI- ADDI-
g REMAINING NUMBER
e AFTER ereviovsy | e’ | | RATE JTiONAL RATE | TIONAL:
i AMENDMENT PAID FOR FEE : FEE
=
o | Total Minus = = ; =
2 ; bl X$9 oR| X$18
“E" independent '}« Minus ok = X44= X88=
< FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D OR
+150= OR| +300=
TOTAL OR TOTAL
_ ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2) _(Column 3) ’
: CLAIMS HIGHEST ADDI
o REMAINING NUMBER PRESENT ’ '
E AFTER PREVIOUSLY EXTRA RATE , |[TIONAL RATE
i - AMENDMENT PAID FOR FEE
= - ]
g Total * Minus > = X$ 9= OR X$18=
%’ Independent |« Minus e =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM Q
+150= OR ] +300=
TOTAL OR TOTAL|
ADDIT. FEE ADDIT. FEE
(Column 1) (Column2) _(Column3) ' o
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI-
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
i AMENDMENT PAID FOR FEE_ - FEE
= ) —=— ,
Q|Toal - Minus | = - X8 9= or | xs1e=
"é" Independent |« , Minus . ek = ' —
| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM I I : -
e N S +150= or | +300="
* If the entry in column 1 is less than the entry in column 2, write *0” in column 3. . T
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20." AbDlTror-Téé QR ADDI'.;O;.ENE-
*H the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *~ ", ’ \ ' ’
“The "Highest Number Previously Paid For" (thal or Independent) is the highest n"1=* er found in the appropriate box in column 1.

FORM PTO-875 (Rev.-10/04) .
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Docket No.: 71971-064 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Takeshi HARADA Confirmation Number: Not yet assigned
Application No.: Not yet assigned Group Art Unit: Not yet assigned

Filed: December 02, 2004 Examiner: Not yet assigned

For: INTERCONNECTION STRUCTURE AI;ID METHOD FOR FORMING THE SAME

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment |
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-
1449. It is respectfully requested that the documents be expressly considered during the prosecution
of this application, and that the documents be made of record therein and appear among the
"References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed within three months of the U.S. filing
date OR before the mailing date of a first Office Action on the merits. No certification or fee is

required.

The relevance of JP 2000-331991 is discussed in the present specification.
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Not yet assigned

Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

600 13" Street, N.W. Please recognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:aph

Facsimile: 202.756.8087

Date: December 2, 2004
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< SHEET 1 OF 1

INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
CITATION IN AN 71971-064 Not yet assigned
APPLICATION
APPLICANT
Takeshi HARADA
(PTO- 14 49) FILING DATE GROUP i
December 02, 2004 Not yet assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez e knowr MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us
us
us
us
us
Us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codes -Number «-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
JP 2000-331991 11-30-2000 SONY CORP JAPAN (W/English
Abstract)
JP 2002-299437 10-11-2002 TOSHIBA CORP JAPAN (w/English
Abstract)
JP 2000-012688 1-14-2000 SHARP CORP JAPAN (w/English
Abstract)

OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)

EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS CITE | journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. | published.

EXAMINER DATE CONSIDERED

*EXAMINER: Initial if reference 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.

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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'PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2000—-331991
(43)Date of publication of application : 30.11.2000
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HO1L 21/28
HO1L 21/768
(21)App||cat|on number : 11-137519 (71)Apphcant SONY CORP
(22)Date of filing : 18.05.1999 (72)Inventor : KADOMURA SHINGO
HIRANO SHINSUKE
TAKATSU MEGUMI
(30)Priority

Priority number : 11068385 Priority date : 15.03.1999 Priority country : JP

(54) MANUFACTURE OF SEMICONDUCTOR DEVICE
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PROBLEM TO BE SOLVED: To provide a method for
manufacturing a semiconductor device by which the
reliability of a process as well as the product vyield can
be improved when forming a wiring and/or a plug using a
copper thin film or a silver thin film, in a single
damascene process, a dual damascene process, or an
embedding plug process.

SOLUTION: This manufacturing method includes a step
to form a recessed part in an insulation layer 11 after
the insulation layer 11 is formed on a substrate 10, a
step to form a nearly flat metallic thin film on the
insulation layer 11 containing the recessed part, and a
step to leave the metallic thin film only inside the
recessed part by etchbacking the metallic thin film, and
a copper thin film 13 or a silver thin film is used as a
metallic film.
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LEGAL STATUS
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[Date of sending the examiner's decision of
rejection]

[Kind of final disposal of application other than
the examiner’s decision of rejection or
application converted registration]
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In re Application of : Customer Number: 20277
Takeshi HARADA Confirmation Number: Not yet assigned
Application No.: Not yet assigned . Group Art Unit: Not yet assigned
Filed: December 02, 2004 Examiner: Not yet assigned
For: INTERCONNECTION STRUCTURE AI:\ID METHOD FOR FORMING THE SAME

CLAIM OF PRIORITY AND
TRANSMITTAL OF CERTIFIED PRIORITY DOCUMENT

Mail Stop CPD
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir;

In accordance with the provisions of 35 U.S.C. 119, Applicant hereby claims the priority of:
Japanese Patent Application No. JP 2003-404437, filed December 3, 2003.

cited in the Declaration of the present application. Certified copy is submitted herewith.

Respectfully submitted,

McD

WILL & EMERY LLP

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:aph
Facsimile: 202.756.8087
Date: December 2, 2004
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7R — IV OEERE T O E SRR BEFIEDO —Ha e RE I Y. TN L o THREMEX

Jy b RITAZIEBZ2ECI L2 EMETIREGEBEOEE FH T,

[5°k1E2 1]

RIECABFMER ) v MiX, RIEC LBEBRICBII AR 7T OERTS BT A L ) 12T

LBNAZ EFEMETLERE2 0 ICEBOEREBEDOSRE I,

[EKIE2 2]

BIECAEZEMER ) v FOFERKIEIHFETH D,

BIECAEZMEA Y v P OFEBRIZB T LHRLZ. AIRCE 7 A - VOEZED2HHELUETH

DAREUTOE S 2HDL,

BIECHEMER Y v POFEEREKICBIT 2 ELBA, gt LBEKICBIT 2RI E 7O

BEHSEBLTWAEZ L2 BEHETAERE2 1 ICHRROEMEEOREFHE,

[FEkE 2 3]

BIECAEZEMEAR Y v FPOFEEEKIIIFETH D .

BIECAEFER ) v FOTFHEERIZBIT S ELIE. AIRRE T F—VOEZED 2L ETH

21 0EUTORES:2EDL,

BIECMEEMER Y v FOFEEBIKICB T 2B DS AR LREMOEDHmMEFEL TH

UIN
B LBEARIC BT AR E 726 R CTHIEHEEER ) v t OB 20 —m L HIELE T
EOBOBEEIZ., B FRBERICBUIISRIGE T 5 BRTHiEd#&EE X v PO WHlD
LM 7 EOBMOBEHL VIRV L2 5HET25HKE2 0 IR WKOBEFEHBED
®HiEHE,
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[EdE4] HASE
[RBID&FR] A E R U ZF D BE Rk
(#0487 5387 ]

[0001])

AEHIL, BB ERCFOREFEICETLIIDOTH S,

[ & 447 )

[0002]

WAE, HEEAEBEDET TN AT 2E5HEACEEBLOEF B L T, A
WMAMEE L CEEROHE (Cu) 2HVSHEEML T,

[000 3]

16 (b) 3. CuHVWTERLAKEROLBEAEEDO—PIZ2 TR IHERN TS S
o B16 (b) IZ/RT EIIT, FEARER (KRE) LOMEELICE 1ER22ED
AFNTWBEIRI, EFEE1OLEUE1IEZRE2OLICS iNJE3. Si102 B4RU
FSGHE (7yZRmy) a B SPMERERINTWE, SiNE3IRUTFSiIO
o AR, EIBRKB2IETAE T A—L6FBERENTVSL EHIZ, FSGESITIZ
L ET AR BITETARBE THAEREINTVE, ETF— V6 RRARE 7 12T\
THESRUFCuBEIMNIEXREDATNTEY, FRIZLEoTET A~V 6 RUBEHETIC
FNEFNET7T1IO0ORVE2REE ]l 1P EEKENTWSE, FSGESODERUVE2EMEL 1
DEICS i NELI 28R IN TS,

[0004]

.16 (b) CRTEIHIIC, LIRH2EE2RMR1I 1 LT, ET710%24LTE
KWICEREhTWwWE, /-, E1EMA2RUE2EFE ]l loshthiiioEzF (RR
B RHER (KREK) CERBMICEREINTVWSL, TNIZED, F1EHE2. €
71I0ORUE2EMAL 113, EFEABRICBVT, HLHABO—HITEEET 5,

[0005]

16 (c) 3. M16 (b)) CRITLBERFEEL L2LRLFEARTH S, K16
(c) ITRTIIIC, BIRB2OMBIIE2EB L 1OELI Y dAS L, BEMIZE, 8
1RE20OME20. 2,mTHH, €710 (ET7H—6) OERFEIZ0. 20xmTH
D, H2EM11DEIZ10mTHhb,

[0006])

15 (a) ~E16 (a) . W16 (b) WKWRITLBEBBEELTTHET H7-DDHE
ROFEOREIRAPRIWHKTH 2 FFFXHK1BE) .

[000 7]

T4, ®15 (a) RTEHIIC, FEEENR (MREH) ORBEIZEEKEL1 ZHEL
7ok, WMBFE1IPICELIRR2 22K T %,

[0008]

Kz, B15 (b) ERTIEIIIC, BREI1IOLRUEIERBE2OLEIZ, 77X CV
D (chemical vapor deposition ) ¥:iZ& V. SiNE3. Si02 BF4RUFSGIES
FIERBES B, FDk, VYV IFITI T4 —ROEFKIA T v F 7% 20T OXEIZHEHT
ALz EoT, SINEIEFSiO: BE4lZ, S1EHBR2ITEFTHIETEF-NGE6ZIE
KT AEHIZ, FSGESIZ, ¥7F—V6IETHERBETEERT %,

[00009]

KiI.E15 (¢) WRTELIIC, ¥T7TF— L6 RUBRKRETEFTEFTEHTISL LI
PV D (physical vapor deposition ) HEIWC L O NY PE S FMBE LK, ET7HR—IL6
BRUBRBETHFEESIBIZLIIIC, NITESOLEIZA Yy FEIZIVDCuEI T REY
zo)o

[0010])

Kz, 16 (a) IZ/RTLHIC. CMP (chemical mechanical polishing ) #IT &
O, BEHMETONION) TESRUTCuEI *BRETZ, ThICXD, BEHRETIZE2
B 1 1R SN 3, ET7R—V6I12, EIEB2EE2HEML 1 & 2TETH
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710k INS,

[0011)])

BEIC. FSGESOLRUE2E8EM 11 (CulE9) oLicS i NEL 2 x#ET S
CEIZED,. W16 (b) ITRIZLBEBHEEITERT %,

[Hafocmt 1) 45BI2000—3319 9 1 54K
[Barcmk2) B 2002—2994 3 754%#

[ZB D BR]
[ZBAD BRI L X 5 & ¢ 2 388E]
[0012]

L2 L%d0, il X ) ZHEROLBERBEEIZIIRO L) LHBEFH L, Thb
L, AV FIZEIDHERELZCuBI ORI ERDOEILIFET S, $7-. LRBEHE
EFBRTHRIFIND L, ThLDOZEF LI DOHEIZHE> TBEIT A, BEAMICIE, ¥
710DOHNEDEMCHPE2EBR]L 1 ONTMOEMIET LD RKREFVEESICIE, S0t
25, ET7100OHNEDEIoRDIEITINE2EML 1 OHREDOE-RDIED LD HE
WIEAIZE, F2EBA 1 126871 0RZMEP> TEILPHEAT S LIRS, FiIZ. X
16 (b)) BRU (¢) CRTII)LELBEMAEETIEI, €71 0FBELILTE 2EM
1 1 DBBEIELLREL LS5 TWVE7D, LEDOEINFE2EHERL 12267 1 012H
PoTHAT B, ZOFRER, W17 (a) IRTIIIC, €71 02HERITBCuEID
MUEEIERI>T, ET7HR—IL6 ODHEIIARA F1 33 %ET L, TOKRAF1 312k
5T, HIEMM2LE2EM]L 1 LOBERNZERIFK/-NI2BE., T4 ADEPEAR
AR X R ENS,

[001 3]

ARERHIT, FIELOBREZEA TR EINS-LOTHD, FOEWIZ., BRTHRFINTD
BEARRERI SRV, BEEOBWVWESBEREMABELTEHR T I LIIH D,

[(REE MR 570D FE]

[0014]

BEDEMEERTL-012, ARPICHELIE 1 OFRBESE T, TREHREL LEBEHR S
O ICBRIMEZEEZRIToN., BEOoTVEBERE FREA L PRBEMEFEEPICRER I N
TEMNLTEREIN TV AEMREETH> T, LBEMKIIBIT 2 ET7TOERBTDOLEREIC
Ly 1O I —ET7HRERINTWS,

[0015]

L1 OEBEEZICLLE, FBEROCTERESOEEIIYI—ETHFERITLNATWY
L7:%, FREGEEHER T IEEENOEBILRIETEFI-—ETLIIOBMLTHAT S,
Thbb, ¥I—UET7ICLoT, LEBEEIPSETETCORTIDOABREZBENT LI LT
E50T, IMHEEEFT SR TRESNLIEAEIZL., EREMD S ET T o TZEILAR
ATHIHEFZHIR TR EDNTED, o T, E7E2HEETIEBEOBUER, 2F
E7 R = NVHIZBITHLERA FOREZIHE T2 TEL7-0, BIRTHRESNTHE)
EARRERZIE 2\, EEHOBEVSRBEMABETERT LI LN TE D,

[0016]

M. RBEICBWT, FI—UE7RUOYI—BHEEF, Fo s 50RGEBETFRFOTN
A ADOEMARICEABKZHERLEZY (0F DFET /N AOEMHARICERISTENLZ W)
B 7 B E R BRI 5, '

[0017]) _

E1ORGEEIIBVWT, FI—-E7iF, #0EHIFLBER L ERINSE L HITEH
AR P IR SN TWT D L\,

[001 8]

COWEAE. TRESII. BEESEOTHORBEFICEEENTBY, FI-E70D
L, BBERICER ENF I —BEBREBREINTVE I EF T LV, TDXHIC
THE, FI—EHREPLvFUITAby 83— LUHTRERBHBBREICH LTy F 7%
TFrIdLizdh, FI—CVTHOKR—VEEBIIERT A ENTES,
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[0019]

I/, ZOBE. TRERT. BEBKZEEOTAOMBBREFIZEZEINTBY, ¥ —
7 DEMISHBEEPICEREINTWEI L FE L, T0LHITHE, ETHDE
— W (ETF—=N) EHBELTYI—ETHDKR—VOENRFERL b7, LEEHKLYE
TEOBMIZBT L NOHEL VL, LEBEKLYI T EOMIIBITLINDOHBID
FHEKEL D, TO0, EBERZERTIEEENOEILZ Y I -—ETOHIIEXL
BICHAT D70, ET2HBRTAEEREOBMETY., 2EVETHA-VRIZBITHFA

FORER L OVFRICERIT A ENTE S, > T, ZRBREBRBEEDEEEY IV E
GBI ENTE B,

[0020)

#£1OEMBEEICBVT, EBERO LICHOBHEESREASTZER SN, FI—-ETIX,
FORBHY LRBEBREEHREINS I ) MBOBBEBRIEPICERE E N T TDH L\,

[0021]

E1ORBEBEICBWVWT, FI-—UT70EZFIL, ETOEZIDINSIVIEFFTL
Vg,

[0022]

CHDEHITHE, ETHOEKR—L (E7F—V) OEFLEBELTYI-ETHOF
— VOBEBEOFF/NEL D720, SRz L, ETOKBEEBRLTYI—-ETOHK
BOHINESL b0, FREFEETEDHIZBIZNOAE LIS, LBEHE
FI—VCT7LEOMIIBIACHOABRDOFENRERKEL Db, TD720, LBEKEZERT S
BEEBENOEILIRZ I - ETOHICELBHICHAT LD, ETeERTHIEBEEOEHE
EF., 2FDETHR—INRICBITAERS FOFEEE L VPERBICHFIT L EATE S,
E->T, ZREBBEOEEEY I VM EIELI LI TE S,

[002 3]

E10RBEEICBVT, FI—ET7OFREEBREIFAETHY, ¥I—-ET7TOFHEIEKR
BT AEAFAPE EEBEBOEAFTHEFLUTHE Z EDHFF L,

[0024)

ZDEHICTEBE, FBERETBKTAIEZEENOZEILO) b, t?#%%fis—g
TOHMIZBWTYI—ET LD IRNICFAETAHEILE, FI—ETITHASE, £h
WX o THEAPFETICHETLAILEZFILETEL, T, E75ERTLI2EEERED
WHER, 2V ETHF—LVRHRICBIILFRS FOREZ X VFROICHHT LI LA TE
HDT, LREREHBEDEEREL*IVMEIEE I LABTE S,

[0025]

1 ORSBEEICBVWT, Y TOEREBRIIAETHY., ¥I—ETIid. €T EIZRL:
HFEEPIREFELTTH L\,

[0026)

E1OEBEEICBVWT, ELBREBIZBIIAETHIPLAETYI-EYT70H5H0O—mE
70O IX, FBEFBIIBIIAIETHLETIYI—ETO2WHOMmE T &
DEOEHEL D DEVI EXFF Ly,

[002 7]

CHDXHICTHE, LRBEHAICBITAREO—HEEYTEOBOERED, LBEREHKEICE
FARMRZOMMEE T LOMOEL VIR LD, Thbb, LEEREKIIBITSEEHD
—BLEV T EOBO—4ERIT. FBEHICBITLIHEOMEE C7 L OB OMFERL Y b
RKEL R BDT, LBEBO—HEHIBOF VP LBEHOMBEIRL VL DEILEEL, £
LT, 0L DEIFECIOLBERBO—EBICFI - ETHRITONTVDE20D,
FI—UETICBILEF L VBHICHASEELIENTEDL, ZORD, ET2HEBHT 5E
BIEOWMMEZELR, 2T HET7TKR—NVAHRIIBITEZRA FORELZ L OHREMICHEIHITEL Z &
HFTELZOT, ZRERESEOEEMLZIVA LIS LN TE S,

[0028]

%1 OBEBHBEICBWT, E7EFI—ETLOBBIZ] pmUTTHHILIMFFL
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vy,

[002 9]

ZDEHITTARE, KRETICHALLID ETEHZEILY, F¥I—-ETIZLFELUTHA
KEDLEVIMBEIFHEIZEONSL, M. AELECBVWT, €7 (E7F—N) EFI-V
7 (FI—Fk—N) LOBRELIZ. ETICBIIAFI-—ETHOTYVE, FI—-ETIZ
BIAETHOLY VEDORBAEKRT S, /2. CORBOTRIZ, Bl IEFTFL L
— VBT AEBEANEZET7TEHOR/NIEBICEDLE TRESINS,

[0030)

AEHEICRLE 2 OBRBEHEEIX., TEBEMRE FBEKE OB ICEBMBHEEIZRIT O N,
HOTREHL FBEREPEBEEEEDICER SN ET 24 L TERSINTWSER
BETHo T, LBEMFBICBIILZETOEGHRTORFEIIL LR ED 1 DOMHFEMHERY v
PR EN TV B,

[003 1]

E20RBHEE LD E, LBREBOCTEHRESTOAFEICHEEER ) v FSERITOLN
TWwhH, FEBEBOY TERITOEEIIBITA5] -k VBN Z. LRBEROAMDER
SEHRT/INELTEIENTESL, bbb, HEEAY v MZXo T, LEERHESLS
V7 TORNOOEREZFEMTHIENTELOT, EHEEFT SRERTEFEINSGGFEIZ
b, FEBEEISETICED > TEAFWRATIERZHG T AL TESE, T/, &
BEBSPECT2ERTLIEEREBELIME»S 224 EMEA) v ML, HEEESPD
BFLIIZ=IrBE T A2B0OBEL L THIET 5, 2070, EETPLEBEEARTET
OHETHF LY XIS T ORESGICERBLEYV T2 4T EATES
o o T, ¥TxHRTHIEZEBRDBHER., 2T VETHR-IVHNIIBITERA FOREE
PR T A IENTEL-D, BRTHEF SN TIBMEAREZRI IV, EEEOFE W
ZREMRBETERTLIIENTE D,

[003 2]

M. E20EBEEIBWT, EEER) v M, FIZITTRES L LEBEHE L O
BITONLRBEMEHEED —IRTH->Th IV,

[003 3]

T/, B2ORBGHEEICBVT, BEHERAY v M3, ERBRERICBIT L YT OERERS
EBTHZIIICEBRENTVTE LW, ZOHE. #BBEHEAY) v POFERRITIFETDH
D, WEERAY Yy POFEERICBIIAZEHZI, E7TOEZEO2HELUETHAD4ELT®
E&%HEbL, %X v FOFEEERIIBITZ2ELH A, LREKICBITAET O
WaeB\BLTWEL L, HIRDOEIFTFLNS,

[003 4]

T, E20BEBEBEIIBNC, #BHER) v POFEERERIIFETH )., EFHERX Y
vy FOEERRICBITAZEDIE. ETOEFEDO2ELUETHD 1 0OBUTORS ZFL,
WWEER Y v POFERRICBIZ2ERLFAIFTLBEROELAMERLETH )., LRBEA
BMIIBUILZETHLRTHEERA) Yy PO LBl0—mE €7 L OMOBEEEIL. EEBEK
WCBTAETDPLBRTHBIERY) v FOLRWEIOMIEE ET EOMOBEHELI YRV L
DIFF L vy,

[0035]

ZDEHCTHE, HMEERY v PEEBRBOETERES LR L TWAIHEIC
SRDE D) LIRFBEONDE, Thobb, LEREBLEIHEKTHIEEENOELNH) B, ¥
TOOLRTHEBMER ) vy POFMEIZBWTHEEERD v M XD D ELICHFAET H I
MEFEEZY) v MCE DT ORTETICENET ST L2 IETE %, 72, LEBEKRICE
FARIEO— & €T L DMO—HIEA, LBREFICBITIREOMEE €T & OOt
FEBM LD D KREL L B0, ERBERO—FEBOF S LBEMAOMEIRL Y b % DZELL
rEH, TOLBEMRO —FISISHEZERY) v PRI ONTWEHER, BEER ) v b
X o TCELOBEZ L DRMICHIET A I XN TE S, 2O, ¥ETZHERT E
BEROBBER., 2EVETR—IVAHIIBITLERA FOFEEZ I VHRHICHTHITEI L
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NTELDOT, LREBEBEDCEEE LI VMALIELI LN TE S,

[0036]

2 DERFEEICBVWT, ETLHREMA )y P OMEIR 1 pmTFTHE I LG
T Ly

[0037]

TOEHIITAHE, KRETIHALID ETH2EIOFHXZHEFHRA) v b iZLkoT
HIET 2 EWVIHIMBEIBONDL, H. FKEICBNWT, €7 (ET7HR—I) LH#HEHERY v
FEORBBEE., ETICBITAEFREA)Y) y Moy UL, MEMR) v MIBITEYE
TRIOZy VDB EW®RT S, T/, BialD L)1, #EBERY v NI LBEHKIZS
FTARIRE T OEHERSEET LI TR EIN TV TL L, Z0EE,. BT LEH%E
Ay FEOERIZ0OTH B,

[00338]

AREBEIELE 1 ORGEBENRE HFIZ, TRER L ICEBERELHRE T L2 LELE
. BREMESEIC., TRESIGETLIETRA—LE, ETHR—VOREIMNEBT LR &
élo@&:—n—wk\ETﬁ—w&UVE—$ VWOFNEFNOROM LERT S L
RBEHELZHETAITREE., FEEHBEE. U775 VR YI KR NVIZEEBHE L
DAL EICEoT, LEEKRE, TEEFLLIBREMALZ2ERTHAET L., LBEMKL
BHRINEOTRBEMA L IERIN WS ~—kT&%ﬁ&T%Iht%ﬁxfw%o

[0039]

21 OBRBEBEORMEREICLL L, AEBIFRLIE 1 ORBBELTRHETHI LAT
X50T, RERIHRIE]L ORGEBELFAFKODEFBELOND, HW. ET KT LBERK
DI, FaTh < vEZEn sy vEFHWTL IWwL, #FhbAWoFES B
WTH LWV,

[0040]

£1OEBEBEOREFFEIIBWT, TRERIZ., BEBEKED TH OEHRES ITHK
ENTBY, FI—F—LVEERTLHIRIZ. FI—F— %, FORMEIEEBES AL
BIA2IIICHEETAIREELIEIFTI LV, ZDEHIZTHE, ET AL LEE
LTI NVOHFPEL D70, EBEKELETLEOMIIBITAILNIOAERID B
. PEBEBEFI—ETEOBIIBITAILTIOHEBEDHFERKREL kb, TD7H, EEE
WEBR T AEEBEANDZEILEZ I —ETOHCEBENICHEATALD, ETE2HEXRT 2
BEBOWMER. 2TV ETHR—LVHIIBITLERAL FOREL X VHNBWICHRIT L Z
ERTEDL, foC, ZREHBBEOVEFEEELZ I VM LEEIEEIENTE S,

[004 1)
AERIELE2OEBEENDREFFEIZ, TREHSRLEICE 1 ORBMEKRELMERET S
TEE, E10OBMEEEIC. TREHRIETALIETRA—LVE, E7F—IVORON L E
MITALBEMELIEEKT A2 TEL, LBREKBERTET A—VIEEME B DA
TEIZEoT, EREHRE., TREMRE FRBRERLZEBERIAETLERET LI LEL.
FTREHRLEICE2DBEBFEZHEE T2 TREE, £20RBMMEEEIC, FBEFAISEL
BOC70OEBINETAYI —F—VEERTAITRE, ¥F3I—FR— VIO EEME
FHOALZIEICIsT A 1205 I —VEVT72EETLIIREELEHBRZ TV 5%,

[004 2]
E2OBRGHEORERFEICLA L, KREBHIFEIE 1 OERBEETRET LI LHT
EL0DT, AEWHIELIE 1 ORBREBELRBEOHEIBEONDS, M. E7 XU LBEH#
DN, FTaT Ay vEEnF< I rvErRAwTb Iwl, #hlbstoFEx B
WwWTh vy,

[004 3]

EINEIE2ORBBEOREFEICBVWT, E75—VEFI—F—NVEDBEIE]
pymBTTHD I EHNFT LV,

[004 4]

TDEICTDHE, BRETICHMALL) ET52I%, FI-—ETIZHTHLTIEA
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XELEVIFBEIBOLNS,

[0045]

ARBEICRI2EIORGEBEOREF T, TREMRLICBHEEEELHE T TRE
. BREMEEIC., TREMIETLZETR—IVE, E7F—VoROBEERT 5 LBE
WELEAEKTATRSE., LBEGERVTET A VICEEMHEZEOALI LIZE 2T
. FEESE. TREMRE LBEREZERITAIETLEZERTAITREZMA. ETF
— VRO LBEGEZE T 5 LRI, EBEMEICB T ET K- VOGRS OIEE
ICRBEEEIEDO o ERESIY, FNICE > THEBEMER Y v PEERITAZ TREEZE T,

[0046])

E3DOEBEENEEFEICIAL, ARPBULBRIE2ORMEELTRET LI EHNT
X5NDT, KEHICHEDLE 2 OEEBEELFABROEIBELNS, M. €7 R LBER
ORI, FaTvyvd v EEosyvy v EfrAnTb Iivwl, #hliloFEz A
Wil Xk Vi,

[004 7]

EIORGHEEOREFEIIBVT, MEEEXY) v ME, EBEKIZBITLET OESE
M LIETLZIHDICRBITONTD IV, COBA. EEERY v FOFERBRIIAETD
. MFEHEAY v POFEERICBITSAELIZ, ETF—NVOBEED 2FELETHED4 15
DToORESZ2FHL, #BMERX) v FOoFEERICBITA2RAAFEBERIIBIILETO
BEHEHSEBELTWDL &, AEPAICKRLIE2 ORBEELFRBOMEIEEIIELOND,

[004 8]

F7-. EIOEBEEDRE[EIIBNT, BEERXY v FOFEBREIAELTHD.,
HIZEM ) v POFERKICBIIAEHLIE, ET7F—NVOEZED 2HELUETHD 1 0L
TOESE2FL, #EMRY v POFEBRICBITAEEFAN LEBEKEOE LS EEFE
ULThY)., LEBEGIBILIETLLETHEZERYY v FOBLBO—mE Y7 EDRFD
g, FREMICBITLIETLLETHEERY) v POk wllofim s €7 L O OE
HMEDLEWVWI EAHFT Ly,

[004 9]

DX TBHE, BEMHER) v ML ERBEMROE TERRS EVEER L TWAGEIC
LXRDEIBHMEIEBOND, T4bE, LBEGEEERITIEEENOEILOH B, €
THLRTHEBEA) v POFBIZBWTHEBEEAT v I 3 ELITHERET 5 ZEILAYE
TICEET A L2 TE L, /2, ERBRESICBIIREO—mEET EDMO—5H
HBA. FRBEHICBIT AR oME e 7 EOMOMMERE )V b REL 2S00, LER
WO—ERO A LBEREDOMEIRL DV IEZ L DEILEEAR,. IO LBEMKDO —FHIBUIHE
BHRAD) v FHRITONTWVAFER., BEERAY v Mo TEILOBE = L ) RIRAVIC
FHiIE$ 2 D TEDL, TDH, ETE*BETAIEEBREOBHER, 2EHET K-
RICBITZKA FOREEZ I VRO IIHFT A LHFTE 20T, LRBERBENER
HELIOMEXEELIEHNTE S,

[ O%hE])

[0050]

REREICI AL, LBEBICBITL ETERBDOEEICS I —ET XITMFERY) v
FNEBRIFAZEICLEoT, EfHRBRIIBVWTLERBEM L XICHARKEHERT 2 E7ICH D
ST EBEEDP S ZIAHAT IR LB T LI LN TEL, CD2H, ET7 T HEERT
LMEBEOWMWET., DIV E TR VRICBITE KRS FORELHH T LI LNFTES
DT, EEMOBVLRBEBHEELTERTLHILATE 5,
[ZHEERTL-O0ORROFRE

[0051)

(READE )

FJ. HROZBEBEEIIBITIAE TR - VOREIICHKA FPERET L E V) HRIC
DOWVT, REFWHEIF BT LAHER BIERORBEDOA DI =X L) IZTOWTHEHT L,

[005 2]
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_ &REIE, FRSAVWLNIEREE DL T, BBoE»SEEEZITS, FlITH
17 (b)) IZRTEIIZ, BHFEIEICHITONEFEDD B, ECBRIEIIR T ICHIE S
NEREE BIZIECulE) 3. BYOEE»S58 5o EBONEKEIIHE, T4b
L, FHZCulEICx LTREBENANEZI VGRS HDIERT 5, #RIS3L T, MEEIC
HIFONSEBEDY b, BEHIBEPILVWEFTICEKBESN-C ulgElX, B) O#MEE)» O ol
(BlolEObNBREIZHZ, Thbb, ZCullIZx L TIEREBEHRKE VIR Y IEAS
VERT 5, TDF|oRYIENIF, TL LT, EBEBBELEEEL OBMOABEERDEV, X
BHRIBCORANIGERTAEBEOINMBICL o TRET B, T/4. 5loRDIEHIET.
RRERCET7T R - VOTBREVEBEES ICL > TRKELENT S,

[005 3]

—fxliZ. CuEroLsEEREIET. KBEIN/-BaTIIEREFIILERRBIE L &S
NIESEEEA LTS, BEHEMEE LTEICHHENR TS CuDBEIC X, —&1
WCEBRA v XEIFFAHEINTVD, $7-, ERA v FHECI-oTHRELBEELZ. £0H
HIZEHOZEIL*ELE V) B ERHD, 2512, M17 (b) RTERBEEIIBNT
CuBIEINLZ=IE., oD IRAOKREVC uEEIEL D L. 5ok D IBTID /N
BVWCuBHEBRICE T VR TV, FRIE, EBIAG0EDIETTD/NEVC uHFEEPIZA
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_Ca§e Docket Number: 71971-064 Customer Number: 20277

UTILITY PATENT APPLICATION
UNDER 37 CFR 1.53(b)

22278 U.S.PTO’
11/000904

MR

‘Mail Stop New Utility Patent Application
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

- 0Ld'SN 1geel

Transmitted herewith for filing is the patent application of:

INVENTOR: Takeshi HARADA
FOR: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE
SAME

M

nclosed are:

64 pages of specification, claims, abstract.

Declaration and Power of Attorney.

Priority Claimed. . ‘

Certified copy of  Japanese Patent Application No. JP 2003-404437

18 sheets of formal drawing.

An assignment of the invention to MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
and the assignment recordation fee.

An associate power of attorney.

A verified statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27.
Information Disclosure Statement, Form PTO-1449 and reference.

Return Receipt Postcard

XL XXIXXNXX

The filing fee has been calculated as shown below:

NO. OF EXTRA .

CLAIMS CLAIMS RATE AMOUNT
Total Claims 26 -20 6 $18.00 $108.00
Independent Claims 7 -3 4 $88.00 $352.00
Multiple Dependent Claim(s) $0.00
Basic Fee $790.00
Total of Above Calculations $1,250.00
Less Y2 for Small Entity $0.00
Assignment & Recording Fee $40.00
Total Fee $1,290.00
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Case Docket Number: 71971-064

Please charge my Deposit Account No. 500417 in the amount of $1,290.00. A duplicate
copy of this sheet is enclosed.

The Commissioner is hereby authorized to charge payment of the following fees
associated with this communication or credit any overpayment to Deposit Account No.
500417 . A duplicate copy is enclosed.

Any additional filing fees required under 37 CFR 1.16.

The Commissioner is hereby authorized to charge payment of the following fees during
the pendency of this application or credit any overpayment to Deposit Account No.
500417. A duplicate copy of this sheet is enclosed.

Any patent application processing fees under 37 CFR 1.17.

Any filing fees under 37 CFR 1.16 for presentation of extra claims.

XX X X X X

Respectfully submitted,

WILL & EMERY LLP

Registrgtion 0. 36,139

600 13" Street, N.W. . Please recognize our Customer No. 20277
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:aph

Facsimile: 202.756.8087

Date: December 2, 2004
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~UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 145

Alexandria, Vlrgmla 22313-1450

WWW,USP10.gov

APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKETNO. | CONFIRMATION NO. I
11/000,904 : 12/02/2004 Takeshi Harada 71971-064 7270
20277 7590 01/05/2007
EXAMINER
MCDERMOTT WILL & EMERY LLP r |
600 13TH STREET, N.W. PHAM, THANH V
WASHINGTON, DC 20005-3096 l T ONIT CATER NOMBER |
2823
I SHORTENED STATUTORY PERIOD OF RESPONSE | MAIL DATE | DELIVERY MODE I
31 DAYS . 01/05/2007 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

If NO period for reply is spemﬁed above, the maximum statutory period will apply and will expire 6 MONTHS
from the mailing date of this communication.

PTOL-90A (Rev. 10/06) Page 201
age



Application No. Applicant(s)

11/000,904 HARADA, TAKESHI
Office Action Summary Examiner Art Unit

Thanh V. Pham 2823

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)] Responsive to communication(s) fledon ____
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-26 is/are pending in the application.

4a) Of the above claim(s) ____is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)[] Claim(s) _____is/are rejected.
7)0 Claim(s) ____is/are objected to.

8)DJ Claim(s) 1-26 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
0)[] The drawing(s) filed on isfare: a)[] accepted or b)[] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
1)[T] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

2)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)J Al b)[C] Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been recelved
2.[] certified copies of the priority documents have been received in Application No. ______
3.0 CcCopies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) ] Notice of References Cited (PTO-892)  4)[J interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) [:] Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20061228
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Application/Control Number: 11/000,904 ' Page 2
Art Unit: 2823

Election/Restrictions

1. Restriction to one of the following inventions is required uﬁder 35U.S.C. 121:

l. Claims 1-21, drawn to devices, classified in class 257, subclass 758.

Il. Claims 22-26, drawn to methods, classified in class 438, subclass 597.
The inventions are distinct, each from the other because of the following reasons:
2. Inventions Il and | are related as process of making and product made. The
inventions are distinct if either or both of the following can be shown: (1) that the
process as claimed can be used to make another and materially different product or (2)
that the product as claimed can be made by another and materially different process
(MPEP § 806.05(f)). In the instant case the processes as claimed can be used to make
anofher and materially different product wherein a via is formed in the second insulating
film and/or the dummy via is made connected to the upper interconnect with non-
conductive material. |
3. Because these inventions are independent or distinct for the reasons given
above and there would be a serious burden on the examiner if restriction is not required
because the inventions have acquired a separate status in the art due to their
recognized divergent subject matter, restriction for examination purposes as indicated is
proper.
4, If applicant elects Group I, this group contains claims directed to the‘following
patentably distinct species: the first species belong to figure 2B, the second species
belongs to figure 15B and the third species belongs to figure 8A. The species are

independent or distinct because the first species has two insulating films and at least
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Application/Control Number: 11/000,904 Page 3
Art Unit: 2823

one dummy via, the second species has no dummy via, no second insulating film and
has insulating slit formed; the third species has no second insulating film, has large
upper interconnect width in a portion relatively to small interconnect Width in another
portion and different distance from the dummy portion to the branch point and the edge
point.

If applicant elects Group Il, this group contains claims directed to the following
patentably distinct species: the first species belong to figures 1, the second spedies
belongs to figures 12; the third species belongs to figures 14; and the fourth species
~ belongs to figures 9. The species are independent or distinct because the first species
has via and dummy via; the second species has two interconnecting level with no
dl;mmy in the first level; the third species has no dummy via, and has slit; and the fourth
species has large upper interconnect width in a portion relatively to small interconnect
width in another portion and different distance from the dummy portion to the branch
point and the edge point.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for
prosecution on the merits to which the claims shall be restricted if no generic claim is
finally held to be allowable. Currently, no claim is generic.

Applicant is advised that a reply to this requirement must include an identification
of the species that is elected consonant with this requirement, and a listing of all claims
readable thereon, including any claims subsequently added. An argument that a claim
is allowable or that all claims are generic is considered nonresponsilve unless

accompanied by an election.
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Application/Control Number: 11/000,904 Page 4
Art Unit: 2823

Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which depend from or otherwise require all the limitations
of an allowable generic claim as provided by 37 CFR 1.141. If claims are added after
the election, applicant must indicate which are readable upon the elected species.
MPEP § 809.02(a).

5. A telephone call was made to Mr. Michael E. Fogarty on 12/28/2006 to request
an oral election to the above restriction requirement, but did not result in an election
being made.

Applicant is advised that the reply to this requirement to be compiete must
include (i) an election of a species or invention to be examined even though the
requirement be traversed (37 CFR 1.143) and (ii) identification of the claims
encompassing the elected invention.

The election of an invention or species may be made with or without traverse. To
reserve a right to petition, the election must be made with traverse. If the reply does not
distinctly and specifically point out supposed errors in the restriction requirement, the
election shall be treated as an election without traverse.

Should applicant traverse on the ground that the inventions or species are not
patentably distinct, applicant should submit evidence or identify such evidence now of
record showing the inventions or species to be obvious variants or clearly admit on the
record that this is the case. In either instance, if the examiner finds one .of the inventions
unpatentable over the prior art, the evidence or admission may be used in a rejection

under 35 U.S.C.103(a) of the other invention.
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Application/Control Number: 11/000,904 Page 5
Art Unit: 2823

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Thanh V. Pham whose telephone number is 703-308-
2543. The éxaminer can normally be reached on M-T (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Olik Chaudhuri can be reached on 703-306-2794. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

- Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Privaté PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more inforrﬁation about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

ﬁMM\

| 12/28/2006 M\ g 27—7
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Docket No.: 071971-0064

%,

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. PHAM

For: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE SAME

RESPONSE TO RESTRICTION REQUIREMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Noting the Office Action of January 5, 2007 wherein restriction has been required, a
petition for a one month extension of time up to and including March 5, 2007 being filed
concurrently herewith, Applicant is filing concurrently herewith a Preliminary Amendment
which cancels original claims 1-26, without prejudice, and submits claims 27-86 for
consideration.

In response to the restriction requirement, Applicant elects Group I and Species 1 (Fig.
2B) for prosecution on the merits and identify claims 27-68 as reading on the elected species. It
is further noted that with regard to the Species 3 of Group I as noted in the Office Action,
Applicant respectfully submits that Figs. 4 and 10 correspond to Species 3 of Group, and not Fig.
8A as suggested in the Office Action.

To the extent necessary, an additional petition for an extension of time under 37 C.F.R.

1.136 is hereby made. Please charge any shortage in fees due in connection with the filing of
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T 11/000,904

this paper, including extension of time fees, to Deposit Account 500417 and please credit any
excess fees to such deposit account.
" Respectfully submitted,

McDERMOTT WALL & EMERY LLP

600 13" Street, N.W. 2 eCognize our Customer No. 53080
Washington, DC 20005-3096 porrespondence address.

Phone: 202.756.8000 MEF:mjb
Facsimile: 202.756.8087

Date: March 5, 2007

WDC99 1343632-1.071971.0064
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Docket No.: 071971-0064 PATENT

In re Application of : Customer Number: 53080
Takeshi HARADA . Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. PHAM

For: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE SAME

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

Concurrently with the filing of the response to a restriction requirement, please amend the

application as follows:

83/86/2887 SZEWDIE! 88089132 588417 11688984

82 FC:1201 400.88 DA
83 FC:1282 1786.89 DA
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IN THE CLAIMS:

Please amend the claims as follows:

1-26. (Cancelled)

27. (New) A semiconductor device comprising:

a semiconductor substrate;

a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;

a via formed through the first insulating film and connecting between the first and second
interconnects; and

a dummy via connected to the second interconnect.

28. (New) The semiconductor device of claim 27 further comprising a second insulating
film formed on the semiconductor substrate,

wl;erein the first interconnect is formed on the second insulating film, and

the dummy via is connected to a first dummy interconnect formed on the second
insulating film.

29. (New) The semiconductor device of claim 27, wherein the second interconnect and
the via form a dual damascene structure.

30. New) The semiconductor device of claim 27, wherein the second interconnect and
the dummy via form a dual damascene structure.

31. (New) The semiconductor device of claim 27, wherein the first insulating film has a

multilayer structure including a SiN film and a Si10; film.
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32. (New) The semiconductor device of claim 27, wherein the second interconnect
includes a first barrier film and a first conductive film.

33. (New) The semiconductor device of claim 32, wherein the first conductive film
includes copper.

34. (New) The semiconductor device of claim 27, wherein each of the first and second
interconnects is connected to another element or an external electrode.

35. (New) The semiconductor device of claim 27, wherein the first interconnect, the
second interconnect and the via constitute part of a closed circuit, and

the dummy via does not constitute a closed circuit.

36. (New) The semiconductor device of claim 27, wherein the first interconnect has a
width smaller than that of the second interconnect.

37. (New) The semiconductor device of claim 28, wherein the first dummy interconnect
has a width smaller than that of the second interconnect.

38. (New) The semiconductor device of claim 28, wherein a width of the first dummy
interconnect and a width of the first interconnect are substantially equal to each other.

39. (New) The semiconductor device of claim 27, wherein the via and the dummy via are
substantially circular in a plan view.

40. (New) The semiconductor device of claim 39, wherein a diameter of the via and a
diameter of the dummy via are substantially equal to each other.

41. (New) The semiconductor device of claim 27, wherein a planar shape of each of the
via and the dummy via is substantially a square.

42. (New) The semiconductor device of claim 41, wherein a length of a side of the via

and a length of a side of the dummy via are substantially equal to each other.
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43. (New) The semiconductor device of claim 27, wherein the first interconnect and the.
“second interconnect extend in a same direction.
44, (New) The‘ semiconductor device of claim 27, wherein the dummy via is provided on
~an extended line along which the first interconnect extends.

45. (New) The semiconductor device of claim 27, wherein the via is substantially circular
in a plan view, and |

a diameter of the via is substantially equal to a width of the first interconnect.

46. (New) The semiconductor device of claim 27, wherein a planar shaée of the via is
substantially a square, and

a side of the via is substantially equal to a width of the first interconnect.

47. (New) The semiconductor device of claim 28, wherein the dummy via is substantially
circular in a plan view, and

a diameter of the dummy via is substantially equal to a width of the first dummy
interconnect.

"48. (New) The semiconductor device of claim 28, wherein a planér shape"of the dummy

via is substantially a square, and

a side of the dummy via is substantially equal to a width of the first dummy interconnect.

49. (New) The semiconductor device of claim 28, wherein each of the first interconnect
and the first dummy interconnect is buried in an upper portion of the second insulating ﬁlm:

50. (New) The semiconductor device of claim 28, wherein a longer side of the first
interconnect and a longer side of the first dummy interconnect form substantially a right angle.

51. (New) The semiconductor device of claim 27, wherein the via and the dummy via are

spaced at a distance of 25 um or less.
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52. (New) The semiconductor device of claim 27, wherein the via and the dummy via are
spaced at a distance of 1um or less.

53. (New) The semiconductor device of claim 27, wherein the distance between the via
and the dummy via is substantially equal to a minimum interconnect width.

54. (New) The semiconductor device of claim 27, wherein the dummy via is provided in
plural.

55. (New) The semiconductor device of claim 27, wherein a bottom of the dummy via is
located deeper than a bottom of the via.

56. (New) The semiconductor device of claim 27 further comprising a second insulating
film formed on the semiconductor substrate,

wherein the first interconnect is formed on the second insulating film, and

a bottom of the dummy via is located in the second insulating film.

57. (New) The semiconductor device of claim 27, wherein the via and the dummy via are
substantially circular in a plan view, and

a diameter of the dummy via is smaller than a diameter of the via.

58. (New) The semiconductor device of claim 27, wherein a planar shape of each of the
via and the dummy via is substantially a square, and

a side of the dummy via is smaller than a side of the via.

59. (New) The semiconductor devi.ce of claim 28, wherein the dummy via is substantially
circular in a plan view, and

a diameter of the dummy via is smaller than a width of the first dummy interconnect.

60. (New) The semiconductor device of claim 28, wherein a planar shape of the dummy

via is substantially a square, and
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a side of the dummy via is smaller than a width of the first dummy interconnect.

61. (New) The semiconductor device of claim 27, wherein the dummy via is substantially
rectangular in a plan view, and

a longer side of the dummy via in a plan view and a shorter side of the second
interconnect are provided along a same direction.

62. (New) The semiconductor device of claim 27, wherein a distance between the via and
one end of the second interconnect is shorter than a distance between the dummy via and the one
end of the second interconnect and shorter than a distance between the via and the other end of
the second interconnect.

63. (New) The semiconductor device of claim 27, wherein the dummy via is connected to
the upper surface of the second interconnect.

64. (New) The semiconductor device of claim 63, wherein the dummy via is formed in a
third insulating film formed on the second interconnect.

65. (New) The semiconductor device of claim 64, wherein the third insulating film has a
multilayer structure including a SiN film and a SiO, film.

66. (New) The semiconductor device of claim 63, wherein the dummy via includes a
second barrier film and a second conductive film.

67. New) The semiconductor device of claim 66, wherein the second conductive film
includes copper.

68. (New) The semiconductor device of claim 63, wherein a second dummy interconnect
is provided on the dummy via so as to come in contact with a top of the dummy via.

69. (New) The semiconductor device of claim 27, wherein the second interconnect is

comprised of a first interconnect poition and a second interconnect portion whose interconnect
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width is smaller than that of the first interconnect portion and which branches from the first
interconnect portion, and

the via is connected to the second interconnect portion.

70. (New) The semiconductor device of claim 69, wherein the dummy via is formed at or
near the branch point between the first and second interconnect portions.

71. (New) The semiconductor device of claim 69, wherein a width of the second
interconnect portion is 0.2 um or less.

72. (New) The semiconductor device of claim 69, wherein the dummy via is substantially
rectangular in a plan view, and

a longer side of the dummy via and a longer side of the first interconnect portion are
provided along a same direction.

73. (New) A semiconductor device comprising:

a semiconductor substrate;

a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;

a via formed through the first insulating film and connecting between the first and second
interconnects; and

an insulating slit formed in the second interconnect.

74. (New) The semiconductor device of claim 73, wherein the insulating slit is in contact
with a portion of the second interconnect connected to the via.

75. (New) The semiconductor device of claim 73, wherein the insulating slit is

substantially rectangular in a plan view, and
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a longer side of the insulating slit is in contact with a portion of the second interconnect
connected to the via.

76. (New) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

a planar shape of the via is substantially a square, and

a length of a longer side of the insulating slit is equal to or greater than twice a length of a
side of the via and less than or equal to four times the length of the side of the via.

77. New) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

the via is substantially circular in a plan view, and

a length of a longer side of the insulating slit is equal to or greater than twice a diameter
of the via and less than or equal to four times the diameter of the via.

78. (New) The semiconductor device of claim 73, wherein the insulating slit and the via
are spaced at a distance of 1 ym or less.

79. (New) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view, and

a longer side of the insulating slit in a plan view and a shorter side of the second
interconnect are provided along a same direction.

80. (New) The semiconductor device of claim 73, wherein a distance between the via and
one end of the second interconnect is shorter than a distance between the insulating slit and the
one end of the second interconnect and shorter than a distance between the via and the other end
of the second interconnect.

81. (New) A method for fabricating a semiconductor device comprising the steps of:
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(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect, a
dummy hole which is not connected to the first interconnect, and an interconnect trench
connected to the via hole and the dummy hole; and

(d) depositing a conductive material in the via hole, the dummy hole and the interconnect
trench, thereby forming a via, a dummy via and a second interconnect.

82. (New) The method of claim 81, wherein in the step (a) a first dummy interconnect is
simultaneously formed on the semiconductor substrate, and

in the step (c) the dummy Vhole is connected to the first dummy interconnect.

83. (New) A method of fabricating a semiconductor device comprising the steps of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect and
an interconnect trench connected to the via hole;

(d) depositing a conductive material in the via hole and the interconnect trench, thereby
forming a via and a second interconnect;

(e) forming a second insulating film on the second interconnect;

(f) forming in the second insulating film a dummy hole connected to the second
interconnect; and

(g) depositing a conductive material in the dummy hole, thereby forming a dummy via.

84. (New) A method of fabricating a semiconductor device comprising the steps of:

(a) forming a first interconnect on a semiconductor substrate;
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(b) forming a first insulating film on the first interconnect;

(c) forming in the first interconnect, a via hole connected to the first interconnect and an
interconnect trench connected to the via hole; and

(d) depositirig a conductive material in the via hole and the interconnect tfench, thereby
forming a via and a second interconnect,

wherein the step (c) includes a step of leaving part of the first insulating film in the
interconnect trench, thereby forming an insulating slit.

85. (New) The method of claim 81, wherein in the step (c) the interconnect trench is
comprised of a first interconnect trench portion and a second interconnect trench portion whose
width is smaller than that of the first interconnect trench portion and which branches from the
first interconnect trench portion, and

the via hole and the second interconnect trench portion are connected to the interconnect
trench.

86. (New) The method of claim 85, wherein in the step (¢) the dummy hole is connected
to the branch point between the first and second interconnect trench portions or to the

interconnect trench near the branch point.

10
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REMARKS

Concurrently with the filing of a response to a restriction requirement, Applicants have
presented the foregoing preliminary amendment which cancels original claims 1-26, without
prejudice, and submits new claims 27-86 for consideration. An indication of how the new claims
read on the species as defined by the Examiner is set forth in the restriction requirement. Entry of
the foregoing preliminary amendment is respectfully requested.

Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:mjb
Facsimile: 202.756.8087
Date: March 5, 2007

WDC99 1343604-1.071971.0064
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' PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. PHAM

For: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE SAME

PETITION FOR EXTENSION OF TIME

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

It is respectfully requested that the time for response to the Office Action dated January 5,
2007, now due to expire February 5, 2007, be extended for one month(s) and set to expire on
March 5, 2007. ‘ |
Please charge the extension fee of $120.00 to Deposit Account No. 500417. Please
charge any additional fees or credit any overpayment to Deposit Account No. 500417.
Respectfully submitted,

McDERMOTT WILL & EMERY LLP

600 13™ Street, N.W.
Washington, DC 20005-3096

- Phone: 202.756.8000 MEF:mjb
Facsimile: 202.756.8087
Date: March 5, 2007 83/86/2887 SZEWDIE1 6BBBA132 SBB417 11868984

81 FC:1251 126.68 DA
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Docket No.: 071971-0064

In re Application of | : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 | Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. PHAM

For: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE SAME

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Transmitted herewith is an Amendment in the above-identified application.

No additional fee is required.

Applicant is entitled to small entity status under 37 CFR 1.27

Also attached:  Petition for one-month Extension of Time Response to Restriction Requirement and Information
Disclosure Statement .

The fee has been calculated as shown below:

HIGHEST EXTRA RATE FEE
PREVIOUSLY CLAIMS

VR e _ PAID FOR

Total Claims 60 26 34 $50.00 = $1700.00

Independent Claims 5 3 2 $200.00 = $400.00
Multiple dependent claims newly presented $0.00
Fee for extension of time $120.00
Information Disclosure Statement $0.00

Total of Above Calculations $2220.00

X Please charge my Deposit Account No. 500417 in the amount of $2220.00. An additional copy of this transmittal
sheet is submitted herewith.

X The Commissioner is hereby authorized to charge payment of any fees associated with this communication or credit
any overpayment, to Deposit Account No. 500417, including any filing fees under 37 CFR 1.16 for presentation of
extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully submitted,

McDERMOTT WILL-&EKIERY LLP

Michael E. Fogarty

Registration 6. 26,139
600 13% Street, N.W. Please recggnize our Customer No. 53080 as our
Washington, DC 20005-3096 corresporfdenge address.

Phone: 202.756.8000 MEF:mjb
Facsimile: 202.756.8087
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Docket No.: 071971-0064 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. PHAM

For: INTERCONNECTION STRUCTURE AND METHOD FOR FORMING THE SAME

INFORMATION DISCLOSURE STATEMENT

Mail Stop Information Disclosure Statement
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-
1449. 1t is respectfully requested that the documents be expressly considered during the prosecution
of this application, and that the documents be made of record therein and appear among the
"References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed more than three months after the U.S.
filing date but before the mailing date of the first Office Action on the merits.

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-
1449. 1t is respectfully requested that the documents be expressly considered during the prosecution

of this application, and that the documents be made of record therein and appear among the

"References Cited" on any patent to issue therefrom.
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_ Application No. 11/000,904

Each English language reference was cited in a corresponding foreign application search
report or office action and its relevance discussed therein. A copy of the foreign search report or
office action is attached for the Examiner's information.

Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted, .

McDERMOT}FWILL & EMERY LLP

fogarty
No. 36,139

600 13™ Street, N.W. Please~recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:mjb

Facsimile: 202.756.8087

Date: March 5, 2007

WDC99 1357636-1.071971.0064
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INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
CITATION IN AN 071971-0064 11/000,904
APPLICATION
APPLICANT
} Takeshi HARADA
_ FILING DATE GROUP
(PTO-1449) December 02, 2004 | 2823
U.S. PATENT DOCUMENTS

EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez @ known) MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us
us
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codes -Number «-Kind MM-DD-YYYY | Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
AA 2002-033384 01-31-2002 KENJI et al. X
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS CITE | iournal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
Translation of Notice of Reasons of Rejection
EXAMINER DATE CONSIDERED

*EXAMINER: Initial if reference 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.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
WDC99 1357645-1.071971.0064
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1.0J Certified copies of the priority documents have been received.
2. cCertified copies of the priority documents have been received in Application No. __
3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) X Notice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X) Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 12/04 and 03/07. 6) |:] Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070426
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DETAILED ACTION
Election/Restrictions

1. Applicant’s election of Group I, species |, in the reply filed on 03/05/2007 is
acknowledged. Because applicant did not distinctly and specifically point out the
supposed errors in the restriction requirement, the election has been treated as an
election without traverse (MPEP § 818.03(a)). Further, newly added claims 55-56 are
not considered as belong to another species of fig. 6C and not claimed previously.

Note: The argument on the figure belongs to species 3 is not found persuasive
because fig. 8A is clearly representing the differences among those species stated in
the Restriction Requirement mailed 01/05/2007.

Specification
2. The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed.
3. The lengthy specification has not been checked to the extent necessary to
determine the presence of all possible minor errors. Applicant's cooperation is
requested in correcting any errors of which applicant may become aware in the
specification.
Claim Rejections - 35 USC § 102

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

2
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5. Claims 27-36, 38, 41-42, 44, 49-50, 53-54, 58, 60 and 62-68 are rejected under
35 U.S.C. 102(a) as being anticipated by He et al. US 6,919,637 B2.

Re claim 27, the He et al. reference discloses “interconnect structures,
particularly those formed above a substrate in an integrated circuit” (col. 1, lines 6-8),
the device (figs. 2-6) comprises:

a semiconductor substrate (not shbwn);

a first interconnect 50 formed on the semiconductor substrate;

a first insulating film 52 formed on the firét interconnect 50;

a second interconnect 61/62 formed on the first insulating film 52;

a via 60 formed through the first insulating film 52 and connecting between the
first interconnect 50 and second interconnect 62; and

a dummy via 55 connected to the second interconnect 61.

Re claim 28, the device further comprises a second insulating film same as ILD-a
or ILD-b formed on the semiconductor substrate (col. 2, lines 45-47: “In FIG. 1,
conductors are shown at only two levels n and n+1. It will be appreciated that in an
integrated circuit, conductors may be used on many Ie.ve/s, for instance, five or six
levels or more”),

therefore the first interconnect 50 is formed on that second insulating film same
as ILD-a or ILD-b, and

the dummy via 55 is connected to a first dummy interconnect formed on the
second insulating film (considering the first interconnect 50 as “broken line” 37 in fig. 2

and col. 2, lines 42-45: “In some cases some of the lines are broken as indicated by
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break 22. This is done to provide the desired electrical paths to complete the circuit or to
isolate a line segment’, the isolated line segment is considered as the dummy
interconnect).

Re claim 38(of 28), wherein a width of the first dummy interconnect and the width
of the first interconnect are substantially equal to each other (“in some cases some of
the lines are broken as indicated by break 22. This is done to provide the desired
electrical paths to complete the circuits or to isolated a line segment” [col. 2, lines 42-
44), this passage implies that the broken line provides “isolated a line segment”
considered as “the dummy interconnect” having equal width to the longer segment of
the same line that connected to “desired electrical paths”).

Re claim 50(of 28), wherein a long side of the first interconnect and a longer side
of the first dummy interconnect form substantially a right angle (considering segment of
line 37 and one of lines 33-35 in fig. 2).

'Re claim 49(of 28), wherein each of the first interconnect and the first dummy
interconnect is buried in an upper portion of the second insulating film (considering the
first interconnect 50 has a “broken line” and form in an insulating film).

Re claim 29, the second interconnect 62 and the via 60 form a damascene
structure.(col. 1, line 18; col. 3, line 51).

Re claim 30, the second interconnect 62 and the dummy via 55 form a dual
damascene structure (explanation of “dummy’ vias, col. 1, lines 35-40, and the

application of ‘broken line’ in col. 2, line 45).
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Re claim 31, wherein the first insulating film has a multilayer structure including a
SiN film and a SiO; film (col. 3, lines 29-30, 54-64). |

Re claim 32, the second interconnect includes a first barrier film and a first
conductive film (col. 4, lines 32-37).

Re claim 33, wherein the first conductive film includes copper (col. 2, line 62).

Re claims 34-35, wherein each of the first and second interconnects is connected

to another element or an external electrode; and wherein the first interconnect, the
second interconnect and the via constitute part of a closed circuit and the dummy via
does not constitute a closed circuit (col. 1,>Iines 7-8: “interconnect structures formed
above a substrate in an integrated circuit” “to provide the desired electrical paths to
complete the circuit or to isolate a line segment” (col. 2, lines 44-45), imply these
limitations). |

Re claim 36, wherein the first interconnect has a width smaller than that of the
second interconnect (comparing lower ends of wires 33/34/35 compared to wires
36/37/38 in fig. 2). |

Re claims 41-42, a planar shape of each of the via and the dummy via is

substantially a square wherein a length of a side of the via and a length of a side of the
dummy via are substantially equal to each other (comparing via 34 with dummy via 42
in fig. 2).

Re claim 44, the dummy via (42, e.g.) is provided on an extended line along

which the first interconnect extends (col. 1, lines 7-8 and col. 2, lines 44-45).
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Re claim 53, the distance between the via and the dummy via is substantially
equal to a minimum interconnect width (fig. 2).

Re claim 54, the dummy via is provided in plural (fig. 2).

Re claim 58, wherein a planar shape of each of the via and the dummy via is
substantially square, and a side of the dummy via is smaller than a side of the via
(comparing lower end of 42 to upper end of 34, e.g.).

~ Re claim 60, a planar shape of the dummy via is substantially a square, and a
% of the dummy via is smaller than a width of the first dummy interconnect
(comparing lower end of 42 to segment of 37, e.g.).

Re claim 62, a distance between the via (40, e.g.) and one end of the.second
interconnect (right-hand side of 33) is shorter than a distance between the dummy via
942) and the one end of the second interconnect (left-hand side of 33) and shorter than
a distance between the via and the other end of the second interconnect (left-hand side
of 33).

Re claim 63, the dummy via is connected to the upper surface of the second
interconnect (considering 42 on 30).

Re claim 64(of 63), wherein the dummy via is formed in a third insulating film
formed on the second interconnect (col. 2, lines 45-47).

Re claim 65(of 64), the third insulating film has a multi structure including a SiN
film and a SiO; film (col. 3, lines 29-30, 54-64).

Re daim 66(of 63), the dummy via includes a second barrier film and a second

conductive film (col. 2, lines 44-45 and col. 4, lines 32-37).
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Re claim 67(of 66), the second conductive film includes copper.
Re claim 68(of 63), a second dummy interconnect is provided on the dummy via
so as to come in contact with a top of the dummy via (considering the right-hand

segment of 37 and the ‘dummy via’ underneath).

6. Claim 37, 39-40, 45-48, 51-52, 57 and 59 are rejected under 35 U.S.C. 102(a) as
anticipated by or, in the alternative, under 35 U.S.C. 103(a) as obvious over He et al.

The He et al. reference discloses interconﬁect structures, particularly those
formed above a substrate in an integrated circuit as in the above. Considering the steps
of figs. 3-5 are repeated such that another fig. 6 lying on top of the same fig. 6.

The He et al. reference discloses neither different shape nor size nor dimension
such as “the first dummy interconnect has a width smaller than that of the second
interconnect (re claim 37); “the dummy via is substantially circular in a plan view and a
diameter of the dummy via is substantially equal to a width of the first dummy
interconnect” (re claim 47); “a side of the dummy via is substantially equal to a width of
the first dummy interconnect” (re claim 48); “the via and the dummy via are substantially
circular in a plan view wherein a diameter of the via and a diameter of the dummy via
are substantially equal to each other” (re claims 39-40) or “a diameter of the dummy via
is smaller than a diameter of the via” (re claim 57) or “a diameter of the dummy via is
smaller than a width of the first dummy interconnect” (re claim 59); “the via is
substahtially circular in a plan view and a diameter of the via is substantially equal to a

width of the first interconnect” (re claim 45); “a side of the via is substantially equal to a
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width of the first interconnect” (re claim 46); “the via and the dummy via are space apart

at a distance of 25 microns or 1 micron or less” (re claims 51-52).

However, one of ordinary skill in the art would have been led to the recited
shapes, sizes and dimensions through routine experimentation and optimization.
Applicant has not disclosed that the shapes, sizes and dimensions are for a particular
unobvious purpose, produce an unexpected result, or are otherwise critical, and it
appears prima facie that the process would possess utility using another shape, size
and dimension. Indeed, it has been held that mere dimensional limitations are prima
facie obvious absent a disclosure that the Iir.nitations are for a particular unobvious
purpose, produce an unexpected result, or are otherwise critical. See, for example, In
re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re Rinehart, 531 F.2d 1048,
189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 725 F.2d 1338, 220
USPQ 777 (Fed. Cir. 1984), cert. denied, 469 U.S. 830, 225 USPQ 232 (1984); Inre
Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). See also MPEP 2144.04(IV)(B).

Claim Rejections - 35 USC § 103
7. The following is a quotation of 35 U.S.C. 103(a) which foﬁns the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set

forth in section 102 of this title, if the differences between the subject matter sought to be patented and

the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

8. Claims 43 and 61 rejected under 35 U.S.C. 103(a) as being unpatentable over
He et al. as applied to claims 27-36, 38, 41-42, 44, 49-50, 53-54, 58, 60 and 62-68

above, and further in view of Armbrust et al. US Pub. 2002/0145201 A1.
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The He et al. reference discloses interconnect structures, particularly those
formed above a substrate in an integrated circuit as in the above.
The He et al. reference does not disclose “the first interconnect and the second

interconnect extend in a same direction” as in claim 43 and “a longer side of the dummy

via in a plan view and a shorter side of the second interconnect are provided along a

same direction” as in claim 61. However, two levels n and n+1 in a interconnect
structure cduld be formed parallel or in a same direction as in Armbrust et al.’s fig. 1.

It would have been obvious to one of ordinary skill in the art at the time of the
invention to provide the structure of He et al. with two levels n and n+1 formed in a
same direction because such parallel wires are known in the art,_for forming interconnect
structure of “wires, support structures, and sacrificial structures” being “constructed from
vias and trenches” (Armbrust et al.’s abstract)

Conclusion
9. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Thanh V. Pham whose telephone number is 571-272-
1866. The examiner can normally be reached on M-T (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be.obtained from the
Patent Application Information Retrieval (PAIR) system. Status informétion for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toil-free). If you would like assistance from a
- USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Thanh V. Pham
AU 2823

05/15/2007
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Filed: December 02, 2004 Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN
INTERCONNECTS (AS AMENDED)

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the
Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-
1449. It is respectfully requested that the documents be expressly considered during the prosecution
of this application, and that the documents be made of record therein and appear among the
"References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed more than three months after the U.S.

filing date AND after the mailing date of the first Office Action on the merits, but before the

mailing date of a Final Rejection or Notice of Allowance.
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including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

og '
Registration ,139

600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:jwp

Facsimile: 202.756.8087

Date: August 22,2007
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method) , £ L EMW EM&EERE 23 FH A L EF X 25 (25a, 25b) .
28 ( 28a~28d) F# X 26 (26a~26c) . 29 (29 a~29¢) . B ELW
FEANEFMSEEBE U FARB2TEE. Ay, BEE£T, £1, A&

5 MOSFET 43 HHF 5 ¥ FABHHER I RAXRGEZETHHL

8a. 8b. 8c X M. A 19a~19d X H]., #A % 28b~28d X ], 4K
FEXS (FE5EFXFFAREHANEBERLENHALEER) EXAHA KX
9a. 9b. Beibeh EERA K 21b~21c. 8y B EF & 25a. 25b.
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Docket No.: 071971-006% PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVING'VIA CONNECTING BETWEEN
INTERCONNECTS (AS AMENDED)

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
The following Amendment and Remarks are submitted in response to the Office Action
dated May 22, 2007.
Amendments to the specification begin on page 2 of this paper.

Amendments to the Claims begin on page 3 of this paper.

Remarks begin on page 15 of this paper.

§8/24/2687 KAHWED1 0uBOEWES SB0A17 11863984
¥l resiged 168.08 DA
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Application No.: 11/000,904

IN THE SPECIFICATION:

Please amend the Title of the Invention as follows:

SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
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IN THE CLAIMS

Please amend the claims as follows:

1-26. (Cancelled)

27. (Currently Amended) A semiconductor device comprising:

a semiconductor substrate;

a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;

a via formed through the first insulating film and connecting between the first and second
interconnects; and

a dummy via connected to the second interconnect,

wherein the dummy via is made of a conductive film.

28. (Previously Presented) The semiconductor device of claim 27 further comprising a
second insulating film formed on the semiconductor substrate,

wherein the first interconnect is formed on the second insulating film, and

the dummy via is connected to a first dummy interconnect formed on the second

insulating film.

29. (Previously Presented) The semiconductor device of claim 27, wherein the second

interconnect and the via form a dual damascene structure.
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30. (Previously Presented) The semiconductor device of claim 27, wherein the second

interconnect and the dummy via form a dual damascene structure.

31. (Previously Presented) The semiconductor device of claim 27, wherein the first

insulating film has a multilayer structure including a SiN film and a SiO; film.

32. (Previously Presented) The semiconductor device of claim 27, wherein the second

interconnect includes a first barrier film and a first conductive film.

33. (Previously Presented) The semiconductor device of claim 32, wherein the first

conductive film includes copper.

34. (Previously Presented) The semiconductor device of claim 27, wherein each of the

first and second interconnects is connected to another element or an external electrode.
35. (Previously Presented) The semiconductor device of claim 27, wherein the first
interconnect, the second interconnect and the via constitute part of a closed circuit, and

the dummy via does not constitute a closed circuit.

36. (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect has a width smaller than that of the second interconnect.
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37. (Previously Presented) The semiconductor device of claim 28, wherein the first

dummy interconnect has a width smaller than that of the second interconnect.
38. (Previously Presented) The semiconductor device of claim 28, wherein a width of the
first dummy interconnect and a width of the first interconnect are substantially equal to each

other.

39. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are substantially circular in a plan view.

40. (Previously Presented) The semiconductor device of claim 39, wherein a diameter of

the via and a diameter of the dummy via are substantially equal to each other.

41. (Previously Presented) The semiconductor device of claim 27, wherein a planar shape

of each of the via and the dummy via is substantially a square.

42. (Previously Presented) The semiconductor device of claim 41, wherein a length of a

side of the via and a length of a side of the dummy via are substantially equal to each other.

43, (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect and the second interconnect extend in a same direction.
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44, (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided on an extended line along which the first interconnect extends.

45. (Previously Presented) The semiconductor device of claim 27, wherein the via is
substantially circular in a plan view, and

a diameter of the via is substantially equal to a width of the first interconnect.

46. (Previously Presented) The semiconductor device of claim 27, wherein a planar shape
of the via is substantially a square, and

a side of the via is substantially equal to a width of the first interconnect.

47. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and
a diameter of the dummy via is substantially equal to a width of the first dummy

interconnect.

48. (Previously Presented) The semiconductor device of claim 28, wherein a planar shape
of the dummy via is substantially a square, and

a side of the dummy via is substantially equal to a width of the first dummy interconnect.

49. (Previously Presented) The semiconductor device of claim 28, wherein each of the
first interconnect and the first dummy interconnect is buried in an upper portion of the second

insulating film.
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50. (Previously Presented) The semiconductor device of claim 28, wherein a longer side
of the first interconnect and a longer side of the first dummy interconnect form substantially a

right angle.

51. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 25 um or less.

52. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 1um or less.

53. (Previously Presented) The semiconductor device of claim 27, wherein the distance

between the via and the dummy via is substantially equal to a minimum interconnect width.

54. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided in plural.

55. (Withdrawn) The semiconductor device of claim 27, wherein a bottom of the dummy

via is located deeper than a bottom of the via.
56. (Withdrawn) The semiconductor device of claim 27 further comprising a second

insulating film formed on the semiconductor substrate,

wherein the first interconnect is formed on the second insulating film, and

Page 270



Application No.: 11/000,904

a bottom of the dummy via is located in the second insulating film.

57. (Previously Presented) The semiconductor device of claim 27, wherein the via and
the dummy via are substantially circular in a plan view, and

a diameter of the dummy via is smaller than a diameter of the via.

58. (Previously Presented) The semiconductor device of claim 27, wherein a planar shape
of each of the via and the dummy via is substantially a square, and

a side of the dummy via is smaller than a side of the via.

59. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and

a diameter of the dummy via is smaller than a width of the first dummy interconnect.

60. (Previously Presented) The semiconductor device of claim 28, wherein a planar shape
of the dummy via is substantially a square, and

a side of the dummy via is smaller than a width of the first dummy interconnect.

61. (Previously Presented) The semiconductor device of claim 27, wherein the dummy
via is substantially rectangular in a plan view, and
a longer side of the dummy via in a plan view and a shorter side of the second

interconnect are provided along a same direction.
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62. (Previously Presented) The semiconductor device of claim 27, wherein a distance
between the via and one end of the second interconnect is shorter than a distance between the
dummy via and the one end of the second interconnect and shorter than a distance between the

via and the other end of the second interconnect.

63. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is connected to the upper surface of the second interconnect.

64. (Previously Presented) The semiconductor device of claim 63, wherein the dummy

via is formed in a third insulating film formed on the second interconnect.

65. (Previously Presented) The semiconductor device of claim 64, wherein the third

insulating film has a multilayer structure including a SiN film and a SiO; film.

66. (Previously Presented) The semiconductor device of claim 63, wherein the dummy

via includes a second barrier film and a second conductive film.

67. (Previously Presented) The semiconductor device of claim 66, wherein the second

conductive film includes copper.

68. (Previously Presented) The semiconductor device of claim 63, wherein a second
dummy interconnect is provided on the dummy via so as to come in contact with a top of the

dummy via.
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69. (Withdrawn) The semiconductor device of claim 27, wherein the second interconnect

is comprised of a first interconnect portion and a second interconnect portion whose interconnect

width is smaller than that of the first interconnect portion and which branches from the first
interconnect portion, and

the via is connected to the second interconnect portion.

70. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is

formed at or near the branch point between the first and second interconnect portions.

71. (Withdrawn) The semiconductor device of claim 69, wherein a width of the second

interconnect portion is 0.2 um or less.

72. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is
substantially rectangular in a plan view, and
a longer side of the dummy via and a longer side of the first interconnect portion are

provided along a same direction.

73. (Withdrawn) A semiconductor device comprising:

a semiconductor substrate;

a first interconnect formed on the semiconductor substrate;
a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;

10
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a via formed through the first insulating film and connecting between the first and second
interconnects; and

an insulating slit formed in the second interconnect.

74. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is in

contact with a portion of the second interconnect connected to the via.

75. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view, and
a longer side of the insulating slit is in contact with a portion of the second interconnect

connected to the via.

76. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

a planar shape of the via is substantially a square, and

a length of a longer side of the insulating slit is equal to or greater than twice a length of a

side of the via and less than or equal to four times the length of the side of the via.

77. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

the via is subétantially circular in a plan view, and

a length of a longer side of the insulating slit is equal to or greater than twice a diameter

of the via and less than or equal to four times the diameter of the via.

11
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78. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit and

the via are spaced at a distance of 1 um or less.

79. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view, and
a longer side of the insulating slit in a plan view and a shorter side of the second

interconnect are provided along a same direction.

80. (Withdrawn) The semiconductor device of claim 73, wherein a distance between the
via and one end of the second interconnect is shorter than a distance between the insulating slit
and the one end of the second interconnect and shorter than a distance between the via and the

other end of the second interconnect.

81. (Withdrawn) A method for fabricating a semiconductor device comprising the steps
of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulatihg film, a via hole connected to the first interconnect, a
dummy hole which is not connected to the first interconnect, and an interconnect trench
connected to the via hole and the dummy hole; and

(d) depositing a conductive material in the via hole, the dummy hole and the interconnect

trench, thereby forming a via, a dummy via and a second interconnect.

12
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82. (Withdrawn) The method of claim 81, wherein in the step (a) a first dummy
interconnect is simultaneously formed on the semiconductor substrate, and

in the step (c) the dummy hole is connected to the first dummy interconnect.

83. (Withdrawn) A method of fabricating a semiconductor device comprising the steps
of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect and
an interconnect trench connected to the via hole;

(d) depositing a conductive material in the via hole and the interconnect trench, thereby
forming a via and a second interconnect;

(e) forming a second insulating film on the second interconnect;

(f) forming in the second insulating film a dummy hole connected to the second
interconnect; and

(g) depositing a conductive material in the dummy hole, thereby forming a dummy via.

84. (Withdrawn) A method of fabricating a semiconductor device comprising the steps
of:
(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

13
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(c) forming in the first interconnect, a via hole connected to the first interconnect and an
interconnect trench connected to the via hole; and

(d) depositing a conductive material in the via hole and the interconnect trench, thereby
forming a via and a second interconnect,

wherein the step (c) includes a step of leaving part of the first insulating film in the

interconnect trench, thereby forming an insulating slit.

85. (Withdrawn) The method of claim 81, wherein in the step (c) the interconnect trench
is comprised of a first interconnect trench portion and a second interconnect trench portion
whose width is smaller than that of the first interconnect trench portion and which branches from
the first interconnect trench portion, and

the via hole and the second interconnect trench portion are connected to the interconnect

trench.

86. (Withdrawn) The method of claim 85, wherein in the step (c) the dummy hole is
connected to the branch point between the first and second interconnect trench portions or to the

interconnect trench near the branch point.

87. (New) The semiconductor device of claim 27, wherein the dummy via and the second

interconnect are made of the same conductive film.

88. (New) The semiconductor device of claim 27, wherein the dummy via and the second

interconnect include a Cu film.

14
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REMARKS
Introduction
In response to the Office Action dated May 22, 2007, Applicants have amended the title
and claim 27. Claims 87 and 88 have been added. Support for newly added dependent claims 87
and 88 is found in, for example, pg. 18, lines 10-13 of the originally filed specification. Care has
been taken to avoid the introduction of new matter. Claims 55, 56, and 69-86 are withdrawn. In
view of the foregoing amendments and the following remarks, Applicants respectfully submit

that all pending claims are in condition for allowance.

Specification

The Office Action asserts that the Title is not descriptive and required a new Title. In
response, the Applicants have amended the title of the invention, as suggested by the Examiner.

Accordingly, withdrawal of the objection to the specification is respectfully solicited.

Claim Rejection Under 35 U.S.C. § 102

Claims 27-36, 38,41, 42,44, 49, 50, 53, 54, 58, 60 and 62-68 were rejected under 35
U.S.C. § 102(a) as being anticipated by U.S. Patent No. 6,919,637 to He et al. (hereinafter He).

Amended claim 27 recites, in part, “...wherein the dummy via is made of a conductive

film.”

The Office Action asserts that He discloses a dummy via 55 connected to the second

interconnect 61.

15
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Turning to the prior art, the dummy via 55 of He is made of a dielectric material (Figs. 4
& 5; col. 4, lines 8-16). He is silent regarding forming a dummy via that is made of a conductive
film.

According to the claimed subject matter per amended claim 27, the dummy via made of a
conductive film is provided on the second interconnect near the via, so that vacancies in part of
the second interconnect are divided and respectively flow into the via and the dummy via.
Thereby as taught in the instant specification, the dummy via reduces the number of vacancies
flowing into each via so that the stress gradient from the second interconnect to the via is
reduced (see, e.g, pg. 20, line 21 — pg. 21, line 1). However, He does not disclose or suggest
this, and apparently is unaware of the unexpected improvement in preventing malfunction at a
high temperature and suppressing the occurrence of a void inside the via hole provided by the
claimed semiconductor device.

Assuming arguendo that vacancies occur in the second interconnect of He, the vacancies
do not flow to the dummy via because the dummy via in He is made of a dielectric ‘material.
Thus, even if there are dummy vias, the number of the vacancies flowing from the second
interconnect to the via cannot be reduced. Indeed, such a reduction is not viable in the device
disclosed by He.

The foregoing makes clear that He fails to disclose or suggest, “...wherein the dummy

via is made of a conductive film,” as recited in amended claim 27.

Claim Rejection Under 35 U.S.C. § 102/103

Claims 37, 39, 40, 45-48, 51, 52, 57 and 59 were rejected under 35 U.S.C. § 102(a) as

being anticipated by or, in the alternative, under 35 U.S.C. 35 U.S.C. § 103(a) as obvious over

16
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He. The Office Action acknowledges that He does not disclose the different shapes, sizes, or
dimensions claimed. The Office Action asserts that one of ordinary skill in the art would have
been led to the recited shapes, sizes, and dimensions through routine experimentation and
optimization.
The Examiner is directed to MPEP § 2144.05(1I)(B) under the heading "Only

Result-Effective Variables Can Be Optimized,” which sets forth the applicable standard
for determining result-effective variables:

A particular parameter must first be recognized as a result-effective

variable, i.e., a variable which achieves a recognized result, before the

determination of the optimum or workable ranges of said variable might

be characterized as routine experimentation. (citing In re Antonie, 195
USPQ 6 (CCPA 1977)) (emphasis added).

In the instant case, the cited reference is silent regarding the claimed width of the first
dummy interconnect, the shape of the via and the dummy via, the diameter of the via and the
dummy via, etc.; so that there is no basis for alleging obviousness thereof based on discovering
an optimum value of a result effective variable. Accordingly, it is respectfully submitted that the
claimed features would not have been obvious in view of He because the cited reference does not.
appear to recognize the claimed parameters, in the particular combination set forth in the
claims, as achieving a recognized result.

In rejecting a claim under 35 U.S.C. § 103, the Examiner is required to discharge the
initial burden by, inter alia, making "clear and particular" factual findings as to a specific
understanding or specific technological principle which would have realistically impelled one
having ordinary skill in the art to modify an applied reference to arrive at the claimed invention
based upon facts, -- not generalizations. Ruiz v. A.B. Chance Co., 234 F.3d 654, 57 USPQ2d

1161 (Fed. Cir. 2000); Ecolochem Inc. v. Southern California Edison, Co., 227 F.3d 1361, 56

17
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USPQ2d 1065 (Fed. Cir. 2000); In re Kotzab, supra; In re Dembiczak, 175 F.3d 994, 50
USPQ2d 1614 (Fed. Cir. 1999). That burden has not been discharged, as the Examiner has
provided no factual basis for modifying the diameter of the dummy via or the diameter of the via,
as required by claim 57, for example.

The only teaching of the claimed diameter of the dummy via being smaller than the
diameter of the via is found in Applicants’ disclosure. However, the teaching or suggestion to
make a claimed combination and the reasonable expectation of success must both be found in the
cited reference, and not based on the Applicant's disclosure. In re Vaeck, 947 F.2d 488, 20
USPQ2d 1438 (Fed. Cir. 1991). The Examiner's retrospective assessment of the claimed
invention and use of unsupported conclusory statements are not legally sufficient to generate a
case of prima facie obviousness. The motivation for modifying the prior art must come from the
prior art and must be based on facts. Thé Examiner is not free to ignore the judicial requirement
for facts. To do so is legal error. Inre Lee, 277 F.3d 1338 (Fed. Cir. 2002). Apparently, the

Examiner has relied on improper hindsight reasoning in reaching the conclusion of obviousness.

Claim Rejection Under 35 U.S.C. § 103

Claims 43 and 61 were rejected under 35 U.S.C. § 103(a) as being unpatentable over He,
and further in view of Armbrust et al. (US Pub. 2002/0145201). Claims 43 and 61 depend from
claim 27 and include all of the features of that claim plus additional features, which are not
taught or suggested by the cited references. Therefore, for at least these reasons, it is respectfully

submitted that claims 43 and 61 are also patentably distinguishable over cited references.

New Claim

18
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New claim 87 recites, “...wherein the dummy via and the second interconnect are made
of the same conductive film.” Nothing in the cited reference teaches or suggests the described
subject matter. Additionally, dependent claim 88 recites patentably distinguishing features of

their own. It is submitted that these new claims are distinguishable over the cited references.

Conclusion

In view of the above amendments and remarks, Applicants submit that this application
should be allowed and the case passed to issue. If there are any questions regarding this
Amendment or the application in general, a telephone call to the undersigned would be
appreciated to expedite the prosecution of the application.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,
McDERMOTT WILL & EMERY LLP
a3

Michael E. Fogarty
Registration No. 36,1

600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF/LAK:Inm :

Facsimile: 202.756.8087

Date: August 22,2007

WDC99 1434439-1.071971.0064
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Docket No.: 07197 1-0064”% PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS (AS AMENDED)

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Transmitted herewith is an Amendment in the above-identified application.
No additional fee is required.

Applicant is entitled to small entity status under 37 CFR 1.27
Also attached:

| NO. OF HIGHEST EXTRA RATE FEE
CLAIMS PREVIOUSLY CLAIMS
o PRI PAID FOR

Total Claims 62 60 2 $50.00 = $100.00
Independent Claims 5 7 0 $200.00 = $0.00
Multiple dependent claims newly presented $0.00
Fee for extension of time $0.00
$0.00
Total of Above Calculations $100.00

X Please charge my Deposit Account No. 500417 in the amount of $100.00. An additional copy of this transmittal
sheet is submitted herewith.

X The Commissioner is hereby authorized to charge payment of any fees associated with this communication or credit
any overpayment, to Deposit Account No. 500417, including any filing fees under 37 CFR 1.16 for presentation of
extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Michael E. Fogarty
Registration No. 36,
600 13™ Street, N.W. Please recognize oaf Customer No. 53080 as our
Washington, DC 20005-3096 correspondence address.
Phone: 202.756.8000 MEF:LAK:Inm
Facsimile: 202.756.8087

Date: August 22, 2007
WDC99 1440920-1.071971.0064
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Application No. Applicant(s)
11/000,904 A HARADA, TAKESHI
' Office Action Summary Examiner ArtUnit
Thanh V. Pham 2823

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be avallable under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (8) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 22 August 2007.
2a)X This action is FINAL. 2b)[] This action is non-final. _
3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4 Claim(s) 27-88 is/are pending in the application.
4a) Of the above claim(s) 69-86 is/are withdrawn from consideration.

5)J Claim(s) ______is/are allowed.

6)J Claim(s) 27-68.87 and 88 is/are rejected.

7)O0 Claim(s) ____is/are objected to.

8)[J Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)J The drawing(s) filed on isfare: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).
a)J Al b)[J Some * ¢)(J None of: '
1.0 Certified copies of the priority documents have been received.
2.[7] cCertified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)). '
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PT0O-948) Paper No(s)/Mail Date. _____
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 8/07. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071001
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Application/Control Number: 11/000,904 Page 2
- Art Unit: 2823

DETAILED ACTION
Claim Rejections - 35 USC § 102
1. The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.
2. Claims 27-36, 38, 41-42, 44, 49-50, 53-54, 58, 60, 62-68 and 87-88 are rejected
under 35 U.S.C. 102(a) as being anticipated by He et al. US 6,919,637 B2.

Re claim 27, the He et al. reference discloses, “interconnect structures,
particularly those formed above a substrate in an integrated circuit” (col. 1, lines 6-8),
the device (figs. 1-7) comprises:

a semiconductor substrate (not shown); -

a first interconnect 50 formed on the semiconductor subétrate;

a first insulating film 52 formed on the first interconnect '50;

a second interconnect 61/62 and/or 64/66 formed on thel first insulating film 52;

a via 60 formed through the first insulating film 562 to form the copper via 68 and
connecting between the first interconnect 50 and second interconnect 62/66 (another
via 53 also formed through the first insulating film 52 to form the dielectric pillar 55 and
also connecting between the first interconnect 50 and second interconnect 61/64), and

a ‘dummy’ via 68 connected to the second interconnect 62/66 wherein the
dummy via 68 is made of a conductive via (considering second interconnect 61/62
and/or 64/66 as element 36/37 in fig. 2 looked from the left-handed side of the figure,

the left broken line of interconnect 37 is the conductive dummy interconnect connecting
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to the far left copper pillar under it, this considering is in view of col. 1, lines 36-41
and/or col. 2, lines 42-45).

Re claim 28, the device further comprises a second insulating film same as ILD-a
or ILD-b formed on the semiconductor substrate (col. 2, lines 45-47: “In FI.G. 1,
conductors are shown at only two levels n and n+1. It will be appreciated that in an
integrated circuit, conductors may be used on many levels, for instance, ﬁve or six
levels or more”),

therefore the first interconnect 50 is formed on that second insulating film same
as ILD-a or ILD-b, and |

the dummy via 68 is connected to a first dummy interconnect formed on the
second insulating film (considering from the left of the page to thé left of fig. 2, the first
interconnect 50 as element 33, the dielectric pillar 55 (of figs 3-7) is the dielectric pillar
on the left-handed side under conductor 36 (which being considered as conductive line
64 of fig. 7), then the left-handed side of “broken line” 37 in fig. 2 is considered as the |

dummy interconnect or as conductive segment 66 of fig. 7.

Re claim 38(of 28), wherein a width of the first dummy interconnect and the width
of the first interconnect are substantially equal to each other (“in some cases some of
the lines are broken as indicated by break 22. This is done to provide the desired
electrical paths to complete the circuits or to isolated a line segment” [col. 2, lines 42-
44], this passage implies that the broken line provides “isolated a I.ine segment”
considered as “the dummy interconnect” having equal width to the other segment of the

same line that connected to “desired electrical paths”).
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Re claim 49(of 28), wherein each of the first interconnect and the first dummy
interconnect is buried in an upper poﬁion_of the second insulating film (considering the
first interconnect 50 has a “broken line” and form in an insulating film).

Re claim 50(of 28), wherein a long side of the first interconnect and a ldnger side
of the first dummy interconnect form substantially a right angle '(considering, segment of
line 37 and one of lines 33-35 in fig. 2). |

Re claim 29, the second interconnect 62 and the via 60 form a damascene
structure (col. 1, line 18; col. 3, line 51).

Re claim 30, the second interconnect 66 and the dummy via 68 form a dual
damascene structure (explanation of “dummy"viés, col. 1, lines 35-40, and the
application of ‘broken line’ in col. 2, line 45).

Re claim 31, wherein the first insulating film has a multilayer structure including a
SiN film and a SiO; film (col. 3, lines 29-30, 54-64).

Re claim 32, thé second interconnect includes a first barrier film and a first
. conductive film (col. 4, lines 32-37).

Re claim 33, wherein the first conductive film includes copper (col. 2, line 62).

Re claims434-35, wherein each of the first and second interconnects is cqnnected
to another element or an externai electrode; and wherein the first interconnect, the
second interconnect and the via constitute part of a closed circuit and the dummy via
does not constitute a closed ciréuit (col. 1, lines 7-8: “interconnect structures formed

above a substrate in an integrated circuit” “to provide the desired electrical paths to
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complete the circuit or to isolate a line segment” (col. 2, lines 44-45), imply these
limitations). |

Re claim 36, wherein the first interconnect has a width smaller than that of the |
second interconnect (comparing lower ends of wires 33/34/35 compared to wires
36/37/38 in fig. 2).

Re claims 41-42, a planar shape of each of the via and the dummy via is

substantially a square wherein a length of a side of the via and a length of a side 6f the
dummy via are substantially equal to each other (comparing via 34 with dummy via 42
in fig. 2).

Re claim 44, the dummy via (element 40, e.g. if line 33 being a broken line) is
provided on an extended line along which the first interconnect extends (col. 1, lines 7-8
and col. 2, lines 44-45).

Re claim 53, the distance between the via and the dummy via is substantially
equal to a minimum interconnect width (fig. 2).

Re cIaim 54, the dummy via is provided in plural (fig. 2).

Re claim 58, wherein a planar shape of each of the via and the dummy via is
substantially square, and a side of the dummy via is smaller than a side of the via
(comparing lower end of 40 to upper end of 33, e.g.).

Re claim 60, a planar shape of the dummy via is substantially a square, and a
side of the dummy via is smaller than a width of the first dummy interconnect |

(comparing lower end of 44 to segment of 37, e.g.).
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Re claim 62, a distance between the via (40, e.g.) and one end of the second
interconnect (right-hand side of 33) is shorter than a distance between the dummy via
942) and the one end of the second interconnect (left-hand side of 33) and shorter than
a distance between the via and the other end of the second interconnect (left-hand side
of 33). |

Re claim 63, the dummy via is conneéted to the upper surface of the second
interconnect (considering 40 on 30).

Re claim.64(of 63), wherein the dumfny via is formed in a third insulating film
formed on the second interconnect (col. 2, lines 45-47).

Re claim 65(of 64), the third insulating film has a multi structure including a SiN
film and a SiO; film (col. 3, lines 29-30, 54-64).

Re claim 66(of 63), the dummy via includes a second barrier film and a second
conductive film (col. 2, lines 44-45 and col. 4, lines 32-37).

Re claim 67(of 66), thé second conductive film includes copper.

Re claim 68(of 63), a second dummy interconnect is provided on the dummy via
so as to come in contact with a top of the dummy via (considering the right-hand
segment 6f 37 and the ‘dummy via’ underneath).

Re (new) claims 87-88, the dummy via 68 and the second interconnect (as

indicated above) are made of the same conductive film of copper (figs. 6-7 and
associated passages).
3. Claim 37, 39-40, 45-48, 51-52, 57 and 59 are rejected under 35 U.S.C. 102(a) as

anticipated by or, in the alternative, under 35 U.S.C. 103(a) as obvious over He et al.
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The He et al. reference discloses interconnect structures, particularly those
formed above a substrate in an integrated circuit as in thé abéve. Considering the steps
of figs. 3-5 are repeated such that another fig. 6 lying on top of the same fig. 6.

The He et al. refe_rencé discloses neither different shape nor size nor dimension
such as “the first dummy interconnect has a width smaller than that of the second
interconnect (re claim 37); “the dummy via is substantially circular in a plan view and a
diameter of the dummy via is substantially equal to a width of the first dummy
interconnect” (re claim 47); “a side of the dummy via is substantially equal to a width of
the first dummy interconnect” (re claim 48); “the via and the dummy via are substantiallly
circular in a plan view wherein a diameter of the via and a diameter of the dummy via
are substantially equal to each other” (re claims 39-40) or “a diameter of the dummy via .
is smaller than a diameter of the via” (re claim‘ 57) or a diameter of the dummy via is
smaller than a width of the first dummy interconnect” (re claim 59); “the via is
substantially circular in a plan view and a diameter of the via is substantially equal to a
width of the first interconnect” (re claim 45); “a side of the via is substantially equal to a
width of the first interconnect” (re claim 46); “the via and the dummy via are spacé apart
at a distance of 25 microns or 1 micron or less” (re claims 51-52).

However, one of ordinary skill in the art would have begn led to the recited
_ shapes, sizes and dimensions through routine experimentation and optimization. |

Applicant has not disclosed that the shapes, sizes and dimensions are for a particular

unobvious purpose, produce an unexpected result, or are otherwise critical, and it

appears prima facie that the process would possess utility using another shape, size
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and dimension. Indeed, it has been held that mere dimensional limitations are prima
facie obvious absent a disclbsure that the limitations are for a particular unobvious
purpose, produce an unexpected result, or are otherwise critical. See, for example, In
re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re Rinehart, 531 F.2d 1048,
189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 725 F.2d 1338, 220
USPQ 777 (Fed. Cir. 1984), cert. denied, 469 U.S. 830, 225 USPQ 232 (1984); Inre
Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). See also MPEP 2144.04(1V)(B).

Furthermore, He et al. discloses, in figs. 1 1-14, barrier layer 78 being formed
before formation of copper lines and copper vias. With this further layer applied around
and before forming copper via 68, e.g., in a circular shape of the optimization, the
diameter of the dummy via 68 would be smaller than the diameter of the via 55 by the
thickness of the barrier layer; or substantially the same because the thickness of the
barrier is so thin or when the barrier is not applied.

Claim Rejections - 35 USC § 103

4. The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.
5. Claims 43 and 61 rejected under 35 U.S.C. 103(a) as being unpatentable over
He et al.. as applied to claims 27-36, 38, 41-42, 44, 49-50, 53-54, 58, 60, 62-68 and 87-
88 above, and further in view of Armbrust et al. US F"ub. 2002/0145201 A1.

The He et al. reference discloses interconnect structures, particularly those

formed above a substrate in an integrated circuit as in the above.
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The He et al. reference does not disclose “the first interconnect and the second

interconnect extend in a same direction” as in claim 43 and “a longer side of the dummy

via in a plan view and a shorter side of the second interconnect are provided along a

same direction” as in claim 61. However, two levels n and n+1 in a interconnect
structure could be formed parallel or in a same direction as in Armbrust et al.’s fig. 1.

It would have been obvious to one of ordinary skill in the art at the time of the
invention to provide the structure of He et al. with two levels n and n+1 formed in a
same direction because such parallel wires are known in the art for forming interconnect
structure of “wires, support structures, and sacrificial structures” being “constructed from
vias and trenches” (Armbrust et al.’s abstradt)

Response to Arguments

6. Applicant's arguments filed 08/22/2007 with respect to amended claim 27, and its
dependents, have been considered but are moot in view of the new ground(s) of
rejection.
7. The He et al. not only discloses dielectric pillar but also copper via that can be used
as dummy via as indicated at col. 1, lines 36-42 and col. 2, lines 43-45 and the rejections
above; and not that “He is silent regarding forming a dummy via that is made of a
conductive ﬂlrﬁ” as alleged in the arguments in Remark’s pages 15-16. He et al.’s copper
via would do the function of “number of vacancies flowing into each via so that the stress
gradient from the second interconnect to the via is reduced” “improvément in preventing
malfunction at a high temperature and suppressing the occurrence of a void inside the via

hole” because He et al.’'s dummy copper via is the conductive pillar as claimed.
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8. On pages 17-18 of the remark, the pointed to MPEP 2144.05(ll) is about the
Optimization of Ranges with the highlighted of “A particular parameter must first be

recognized as a result-effective variable, i.e., a variable which achieves a recognized

result, before the determination of the optimum or workable ranges of said variable
might be characterized as routine experimentation” (emphasized by the applicant). The

examiner did check instant specification for “a result-effective variable ... recognized

result, before the determination of the optimum” and find none. When instant invention
does not provide any unexpected result of a particular_ element, it is a matter of choice
and open to optimization to one of ordinary skill in the art. In the rejection, the examiner
directs the applicant to MPEP 2144.04(IV) that provides “examples directed to various
common practices which the court has held normally require only ordinary skill in the art
and hence are considered routine expedients are discussed”. The rejection was made

based oh In re Rose , 220 F.2d 459, 105 USPQ 237 (CCPA 1955) “limitations relating to

the size of the package were not sufficient to patentably distinguish over the prior art.”;

In re Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 1976) “mere scaling up of a prior

art process capable of being scaled up, if such were the case, would not establish

patentability in a claim to an old process so scaled.” 531 F.2d at 1053,189 USPQ at

148.) Further, in Gardner v. TEC Systems, Inc., 725 F.2d 1338, 220 USPQ 777 (Fed.
Cir. 1984), cert. denied, 469 U.S. 830, 225 USPQ 232 (1984), the Federal Circuit held

that, where the only difference between the prior art and the claims was a recitation of

relative dimensions of the claimed device and a device having the claimed relative

dimensions would not perform differently than the prior art device, the claimed device
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was nbt patentably distinct from the prior art device. Furthermore, In re Dailey, 357
F.2d 669, 149 USPQ 47 (CCPA 1966) (The court held that the configuration of the

claimed disposable plastic nursing container was a matter of choice which a person of

ordinary skill in the art would have found obvious absent persuasive evidence that the

particular configuration of the claimed container was significant) (emphasized with

underlined by the examiner). Therefore, “absent a disclosure that the limitations are for
a particular unobvious' pufpose, produce an unexpected result or are otherwise critical”,
the rejection is maintained with the added explanation of the diameters of circular shape
formed for the circular dielectric pillar and copper via as in above rejections.
9. The above arguments are also the response to last paragraph of page 19 and
first paragraph of page 20.
| Conclusion

10.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
11.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not

mailed until after the end of the THREE-MONTH shortened statutory period, then the
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shortenéd statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, hovyever, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Thanh V. Pham whose telephone number is 571-272-
1866. The examiner can normally be reached on M-T (6:30-5:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

10/02/2007

Thanh Van Pham

AU 2823
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Docket No.: 071971-0064 ‘ PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

n re Application of o Customer Number: 53080

Takeshi HARADA | ~ Confirmation Number: 7270
Application No.: 11/000,904 : Group Art Unit: 2823
Filed: December 02, 2004 :7‘ Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVTNG’VIA CONNECTING BETWEEN
INTERCONNECTS (AS AMENDED)

AMENDMENT TO ACCOMPANY REQUEST FOR CONTINUED EXAMINATION

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

The following Amendment and Rerﬁérks'are submitted in response to the final Office
Action dated October 12, 2007.

Amendments to the Claims begin on .;.)age 2 of this paper.

Remarks begin on page 14 of this paper.
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IN THE CLAIMS

Please amend the claims as follows.

1-26. (Cancelled)

27. (Currently Amended) A semiconductor device comprising:

a semiconductor substrate; |

a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the ﬁrst interconnect;

a second interconnect formed on the Ifirs£ insulating film;

a via formed through the first insulating film and connecting between the first and second
interconnects; and

a dummy via connected to the second interconnect,

wherein the dummy via is made of a conductive film,

the second interconnect and the via form a dual damascene structure, and

the second interconnect and the dutﬁmxvia form a dual damascene structure.

28. (Previously Presentéd) The semiconductor device of claim 27 further comprising a
second insulating film formed on the semicoﬁd{xétor substrate,

wherein the first interconnect is formed on the second insulating film, and

the dummy via is connected to a first dummy interconnect formed on the second

insulating film.

29. (Cancelled)
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30. (Cancelled)

31. (Previously Presented) The semig_gf;gluctor device of claim 27, wherein the first

insulating film has a multilayer structure including a SiN film and a SiO; film.

32. (Previously Presented) The semiconductor device of claim 27, wherein the second

interconnect includes a first barrier film and a first conductive film.

33. (Previously Presented) The semiconductor device of claim 32, wherein the first

conductive film includes copper.

34. (Previously Presented) The semiconductor device of claim 27, wherein each of the

first and second interconnects is connected té aniother element or an external electrode.

35. (Previously Presented) The semiconductor device of claim 27, wherein the first
interconnect, the second interconnect and the via constitute part of a closed circuit, and

the dummy via does not constitute a closed circuit.

36. (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect has a width smaller than that of the second interconnect.

37. (Previously Presented) The semiconductor device of claim 28, wherein the first

. A
.

. . At .
dummy interconnect has a width smaller than that of the second interconnect.
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38. (Previously Presented) The semiconductor device of claim 28, wherein a width of the
first dummy interconnect and a width of the first interconnect are substantially equal to each

other.,

39. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are substantially circular in a plan view.

40. (Previously Presented) The semiconductor device of claim 39, wherein a diameter of

the via and a diameter of the dummy via are substantially equal to each other.

41. (Previously Presented) The semiconductor device of claim 27, wherein a planar

shape of each of the via and the dummy via is substantially a square.

.-
o
Y

® 42, (Previously Presented) The semiconductor device of claim 41, wherein a length of a

side of the via and a length of a side of the dummy via are substantially equal to each other.

vy
43. (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect and the second interconnect extend in a same direction.

44. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided on an extended line along which the first interconnect extends.
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45. (Previously Presented) The semiconductor device of claim 27, wherein the via is
substantially circular in a plan view, and

.‘_!»-

a diameter of the via is substantially equal to a width of the first interconnect.

46. (Previously Presented) The semiconductor device of claim 27, wherein a planar
shape of the via is substantially a square, and

a side of the via is substantially equal to a width of the first interconnect.

47. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and
a diameter of the dummy via is substantially equal to a width of the first dummy

AT
P

interconnect.

48. (Previously Presented) The semiconductor device of claim 28, wherein a planar
shape of the dummy via is substantially a square, and

a side of the dummy via is substantially equal to a width of the first dummy interconnect.
49. (Previously Presented) The semiconductor device of claim 28, wherein each of the

first interconnect and the first dummy interconnect is buried in an upper portion of the second

insulating film.
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50. (Previously Presented) The semiconductor device of claim 28, wherein a longer side
of the first interconnect and a longer side of the first dummy interconnect form substantially a

right angle.

51. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 25 pm or less.

52. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 1um or less.

53. (Previously Presented) The semiconductor device of claim 27, wherein the distance

between the via and the dummy via is substantially equal to a minimum interconnect width.

54. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided in plural.

55. (Withdrawn) The semiconductor device of claim 27, wherein a bottom of the dummy

via is located deeper than a bottom of the via.

56. (Withdrawn) The semiconductor device of claim 27 further comprising a second
insulating film formed on the semiconductor substrate,
wherein the first interconnect is formed on the second insulating film, and

a bottom of the dummy via is located in the second insulating film.
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i

57. (Previously Presented) The semiconductor device of claim 27, wherein the via and
the dummy via are substantially circular in a plan view, and

a diameter of the dummy via is: smaller than a diameter of the via.

58. (Previously Presented) The semiconductor device of claim 27, wherein a planar
shape of each of the via and the dummy via is substantially a square, and

a side of the dummy via is smaller than a side of the via.

59. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and

a diameter of the dummy via is smaller than a width of the first dummy interconnect.

60. (Previously Presented) The semiconductor device of claim 28, wherein a planar
shape of the dummy via is substantially a square, and

a side of the dummy via is smaller than a width of the first dummy interconnect.

61. (Previously Presented) The semiconductor device of claim 27, wherein the dummy
via is substantially rectangular in a plan view, and
a longer side of the dummy via in a plan view and a shorter side of the second

interconnect are provided along a same direction.
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62. (Previously Presented) The semiconductor device of claim 27, wherein a distance
between the via and one end of the second interconnect is shorter than a distance between the
dummy via and the one end of the second interconnect and shorter than a distance between the

via and the other end of the second interconnect.

63. (Previously Presented) The :sem_jcbnductor device of claim 27, wherein the dummy
via is connected to the upper surface of the second interconnect.
64. (Previously Presented) The semicoﬁductor device of claim 63, wherein the dummy

via is formed in a third insulating film formed on the second interconnect.

65. (Previously Presented) The semiconductor device of claim 64, wherein the third

insulating film has a multilayer structure iﬁqludihg a SiN film and a SiO; film.

66. (Previously Presented) The semiconductor device of claim 63, wherein the dummy

via includes a second barrier film and a second conductive film.

67. (Previously Presented) The semiconductor device of claim 66, wherein the second

conductive film includes copper.
68. (Previously Presented) The semiconductor device of claim 63, wherein a second

dummy interconnect is provided on the dummy via so as to come in contact with a top of the

dummy via.
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69. (Withdrawn) The semicon.ductor device of claim 27, wherein the second interconnect
is comprised of a first interconnect portion andia second interconnect portion whose interconnect
width is smaller than that of the first interconlrléct portion and which branches from the first
interconnect portion, and

the via is connected to the second interconnect portion.

70. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is

formed at or near the branch point between the first and second interconnect portions.

71. (Withdrawn) The semiconducférv device of claim 69, wherein a width of the second

interconnect portion is 0.2 pm or less.

72. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is
substantially rectangular in a plan view, and
a longer side of the dummy via and a longer side of the first interconnect portion are

provided along a same direction.

73. (Withdrawn) A semiconductor device comprising:
a semiconductor substrate;
.. g
a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;
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a via formed through the first insulating film and connecting between the first and second
interconnects; and

an insulating slit formed in the second interconnect.

74. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is in
contact with a portion of the second interconnect connected to the via.

75. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
.substantially rectangular in a plan view, and

a longer side of the insulating slit is in contact with a portion of the second interconnect

connected to the via.

76. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

a planar shape of the via is subst'c.m;t{i;al'ly a square, and

a length of a longer side of the insulating slit is equal to or greater than twice a length of a

side of the via and less than or equal to four titnes the length of the side of the via.

77. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view,

the via is substantially circular in a plan view, and

a length of a longer side of the insulating slit is equal to or greater than twice a diameter

of the via and less than or equal to four times the diameter of the via.

10
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78. (Withdrawn) The semiconductor device of claim 73, wherein the insulating slit and
the via are spaced at a distance of 1 um or less.

79. (Withdrawn) The éemiconductor device of claim 73, wherein the insulating slit is
substantially rectangular in a plan view, and

a longer side of the insulating slit in a plan view and a shorter side of the second

interconnect are provided along a same direction.

80. (Withdrawn) The semiconductor device of claim 73, wherein a distance between the
via and one end of the second interconnect is shorter than a distance between the insulating slit
and the one end of the second interconnect and shorter than a distance between the via and the

other end of the second interconnect.

81. (Withdrawn) A method for fabricating a semiconductor device comprising the steps
of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect, a
dummy hole which is not connected to the first interconnect, and an interconnect trench
connected to the via hole and the dummy h(sile; and

(d) depositing a conductive ma:iteriéﬂ' in the via hole, the dummy hole and the interconnect

trench, thereby forming a via, a dummy via and a second interconnect.

11
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82. (Withdrawn) The method of claim 81, wherein in the step (a) a first dummy
interconnect is simultaneously formed on the semiconductor substrate, and

in the step (¢) the dummy hole is cé?rlnected to the first dgmmy interconnect.

83. (Withdrawn) A method of fabricating a semiconductor device comprising the steps
of: ‘.

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first insulating film, a via hole connected to the first interconnect and
an interconnect trench connected to the via hole;

(d) depositing a conductive material in the via hole and the interconnect trench, thereby
forming a via and a second interconnect;

(e) forming a second insulatirig:"fﬁlfgré’lf '6n the second interconnect;

(f) forming in the second insulating film a dummy hole connected to the second
Interconnect; and

(g) depositing a conductive material in the dummy hole, thereby forming a dummy via.

84. (Withdrawn) A method of fabricating a semiconductor device comprising the steps
of:

(a) forming a first interconnect on a semiconductor substrate;

(b) forming a first insulating film on the first interconnect;

(c) forming in the first interconnect, a via hole connected to the first interconnect and an

TS

interconnect trench connected to the via .h'c‘>le; and

12
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(d) depositing a conductive material in the via hole and the interconnect trench, thereby
forming a via and a second interconnect,
wherein the step (c) includes a step of leaving part of the first insulating film in the

interconnect trench, thereby forming an insulating slit.

85. (Withdrawn) The method of claim 81, wherein in the step (c) the interconnect trench
is comprised of a first interconnect trench portion and a second interconnect trench portion
whose width is smaller than that of the ‘ﬁrs.wt‘-'i'nterconnect trench portion and which branches from
the first interconnect trench portion, and

the via hole and the second interconnect trench portion are connected to the interconnect

trench.

86. (Withdrawn) The method of claim 85, wherein in the step (¢) the dummy hole is
connected to the branch point between the first and second interconnect trench portions or to the

interconnect trench near the branch point.

87. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via and the second interconnect are made of the same conductive film.

88. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via and the second interconnect include a Cu film.

13
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| - REMARKS
Introduction ‘ ,'

‘In response to the final Office Actif;n Aated October 12, 2007, Applicants have amended
claim 27. The limitations of claims 29 and 30, previously dependent upon claim 27, have been
incorporated into claim 27, and claims 29 an:d( 3)O .cancelled. Applicants submit that the present
Amendment does not generate any new matter issue. Claims 55, 56, and 69-86 are withdrawn.

In view of the foregoing amendments and the following remarks, Applicants respectfully submit

that all pending claims are in condition for allowance.

Claim Rejection Under 35 U.S.C. § 102

Claims 27-36, 38, 41, 42, 44, 49, SQ,‘ 53, 54, 58, 60, 62-68, and 87-88 were rejected under
35 U.S.C. § 102(a) as being anticipated by‘US Patent No. 6,919,637 to He et al. (hereinafter
He).

Amended claim 27 recites, in part, “. .'.t}"ler second interconnect and the via form a dual
damascene structure, and the second intercor.l‘;ﬂé’c.t’and the dummy via form a dual damascene
structure.”

The Office Action asserts that He discloses a second interconnect 62 and via 60 to form a
damascene structure. The Office Action states that a second interconnect 66 and a dummy via 8
form a dual damascene structure in He.

Turning to the prior art, He fails to disclose or suggest that the second interconnect and
the via form a dual damascene structure, the second interconnect and the dummy via form a dual
damascene structure, and that the second i‘ri‘ié'rconnect, the via and the dummy via are unified. It

is well known by persons skilled in the art that a dual damascene has a structure in which the

14
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filling of holes and the formation of interconnects are simultaneously carried out. He forms a
dielectric pillar in the same layer in which a via and a conductive dummy via are formed. The
dielectric pillar of He is considerably different from the claimed dual damascene structure in
both structgre and function. Accordingly, the rejection of claims 27-36, 38, 41, 42, 44, 49, 50,
53, 54, 58, 60, 62-68, and 87-88 predicated on He should be withdrawn.

According to the claimed subject matter per amended claim 27, the second interconnect
and the dummy via form a dual damascenéisiructure. As a result, even if vacancies occur in the
conductive film constituting the second interconnect, the vacancies are divided and flow into the
via and the dummy via, respectively. Thus, the number of vacancies flowing from the second
interconnect to the via can be further reduced;. ;Accordingly, it is possible to solve the problem of
the occurrence of a void inside the via hole. (see, e.g., pg. 21, line 8-pg. 22, line 19 and pg. 23,
lines 16-20). However, He does not disclose or suggest this, and apparently is unaware of the
unexpected improvement in suppressing the occurrence of a void inside the via hole made
possible by the claimed semiconductor device.

Thus, He fails to disclose or suggest, at a minimum, “...the second interconnect and the
via form a dual damascene structure, and the second interconnect and the dummy via form a
dual damascene structure,” as recited ini:;agf\mended claim 27.

As anticipation under 35 U.S.C. § 102 requires that each and every element of the claim
be disclosed, either expressly or inherently (noting that “inherency may not be established by
probabilities or possibilities,” Scaltech Inc. v Retec/Tetra, 178 F.3d 1378 (Fed. Cir. 1999)), in a
single prior art reference, Akzo N.V. v. U.S. Int’l Trade Commission, 808 F.2d 1471 (Fed. Cir.

1986), based on the forgoing, it is submitted that He does not anticipate amended claim 27, nor

15
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any claim dependent thereon. The depend@pt claims are allowable for at least the same reasons
as claim 27.

g

Claim Rejection Under 35 U.S.C. § 102/103

Claims 37, 39, 40, 45-48, 51, 52, 57 and 59 are rejected under 35 U.S.C. §102 (a) as
anticipated by or, in the alternative, under 35 U.S.C. § 103 (a) as obvious over He. Dependent
claims 37, 39, 40, 45-48, 51, 52, 57 and 59 are allowable for at least for the same reasons as
independent claim 27, and further distinguish the claimed semiconductor device. Therefore; for
at least these reasons, it is respectfully submitted that claims 37, 39, 40, 45-48, 51, 52, 57 and 59
are also patentably distinguishable over He.

§

Claim Rejection Under 35 U.S.C. § 103

Claims 43 and 61 were rejected under~l3i5‘ U.S.C. § 103(a) as being unpatentable over He,
and further in view of Armbrust et al. (US Pub .2002/0145201). Claims 43 and 61 depend from
claim 27 and include all of the features of that claim plus additional features, which are not
taught or suggested by the cited references. Therefore, for at least these reasons, it is respectfully

submitted that claims 43 and 61 are also patentably distinguishable over cited references.

Conclusion

In view of the above amendments and remarks, Applicants submit that this application
should be allowed and the case passed to iééue. If there are any questions regarding this
Amendment or the application in general, a telephone call to the undersigned would be

appreciated to expedite the prosecution of the.application.

16
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To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13™ Street, N.W.

Washington, DC 20005-3096
Phone: 202.756.8000 MEF/LAK:Inm
Facsimile: 202.756.8087

Date: January 11,2008

WDC99 1502188-1.071971.0064

"+ Respectfully submitted,

McDERMOTT WILL & EMERY LLP

\ 1hael E.E

as our correspondence address.
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Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ___

3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20080202
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DETAILED ACTION
Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on
01/11/2008 has been entered.
Response to Amendment
Claim Rejections - 35 USC § 102 and § 103

2. The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.
3. Claims 27-28, 31-36, 38, 41-42, 44, 49-50, 53-54, 58, 60, 62-68 and 87-88 are
rejected under 35 U.S.C. 102(a) as being anticipated by He et al. US 6,919,637 B2.

Re claim 27, the He et al. reference discloses “interconnect structures,
particularly those formed above a substrate in an integrated circuit” (col. 1, lines 6-8),
the device (figs. 1-7) comprises:

a semiconductor substrate (not shown);

a first interconnect 50 and/or 33/34/35 formed on the semiconductor substrate;

a first insulating film 52 {and/or the ILD's) formed on the first interconnect 50

and/or 33/34/35;
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a second interconnect 61/62 and/or 64/66 and/or 36/37/38 formed on the first
insulating film 52 {and/or the HL.D's);

a via 60 formed through the first insulating film 52 (and/or the 1L.D’s) fo form the
copper via 68 [and/or the via underneath and at the right-handed position of element 37
in fig. 2] and connecting between the first interconnect 50 and/or 33/34/35 and second
interconnect 62/66 and/or 36/37/38 (another via also formed through the first insulating
film 52 {and/or the ILD's) to form the dielectric pillar 55 and also connecting between the
first interconnect 50 and second interconnect 61/64 [and/or the vias underneath and at
the middle positions of elements 37, 38 or at the lefi-handed position of element 36 in
fig. 2]); and

a ‘dummy via 88 (and/or the vias underneath element 37 in fig. 2) connected to

the second interconnect 62/66 and/or 36/37/38 wherein the vig 88 and/or one of

the vias underneath element 37 in fig. 2 is made of a conductive via (considering
second interconnect 61/62 and/or 64/66 as element 35/37 in fig. 2 looked from the left-
handed side of the figure, the left broken line of interconnect 37 is the conductive
dummy interconnect connecting to the far left copper pillar under it, this considering is in
view of col. 1, lines 36-41 and/or col. 2, lines 42-45),

the second interconnect 37 and the via {underneath and at the left-handed
position of element 37 in fig. 2] form a dual damascene structure or the second
interconnect 62 and the via 60 form a damascene structure (col. 1, line 18; col. 3, line

51), and
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the second interconnect 37 and the dummy via [undemeath and at the right-
fanded position of element 37 in fig. 2] form a dual damascene structure or the second
interconnect 66 and the dummy via 88 form a dual damascene structure (explanation of
“‘dummy’ vias, col. 1, lines 35-40, and the application of ‘broken ling’ in col. 2, ling 45).

Re claim £8, the device further comprises a second insulating film same as {LD-a
or ILD-b formed on the semiconductor substrate (col. 2, lines 45-47: “In FIG. 1,
conductors are shown at only two levels n and n+1. It will be appreciated that in an
integrated circuit, conductors may be used on many levels, for instance, five or six
levels or more”),

therefore the first interconnect 50 is formed on that second insulating film same
as ILD-g or 1LD-b, and

the dummy via &8 is connected to a first dummy interconnect formed on the
second insulating film (considering from the left of the page to the left of fig. 2, the first
interconnect 50 as element 33, the dielectric pillar 55 (of figs 3-7) is the dielectric pillar
on the left-handed side under conductor 36 (which being considered as conductive line
64 of fig. 7), then the left-handed side of “broken line” 37 in fig. 2 is considered as the
dummy interconnect or as conductive segment 66 of fig. 7.

Re claim 38(of 28), wherein a width of the first dummy interconnect and the width
of the first interconnect are substantially equal to each other (“in some cases some of
the lines are broken as indicated by break 22. This is done to provide the desired
electrical paths to complete the circuits or to isolated a line segment” [col. 2, lines 42-

44], this passage implies that the broken line provides “isolated a line segment”
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considered as “the dummy interconnect” having equal width to the other segment of the
same line that connected to “desired electrical paths”).

Re claim 49(of 28), wherein each of the first interconnect and the first dummy
interconnect is buried in an upper portion of the second insulating film (considering the
first interconnect 50 has a “broken line” and form in an insulating film).

Re claim 50(of 28), wherein a long side of the first interconnect and a longer side
of the first dummy interconnect form substantially a right angle (considering segment of
line 37 and one of lines 33-35 in fig. 2).

Re claim 31, wherein the first insulating film has a multilayer structure including a
SiN film and a SiO film (col. 3, lines 29-30, 54-64).

Re claim 32, the second interconnect includes a first barrier film and a first
conductive film (col. 4, lines 32-37).

Re claim 33, wherein the first conductive film includes copper (col. 2, line 62).

Re claims 34-35, wherein each of the first and second interconnects is connected

to another element or an external electrode; and wherein the first interconnect, the
second interconnect and the via constitute part of a closed circuit and the dummy via
does not constitute a closed circuit (col. 1, lines 7-8: “interconnect structures formed

above a substrate in an integrated circuit” “to provide the desired electrical paths to
complete the circuit or to isolate a line segment” (col. 2, lines 44-45), imply these

limitations).
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Re claim 36, wherein the first interconnect has a width smaller than that of the
second interconnect (comparing lower ends of wires 33/34/35 compared to wires
36/37/38 in fig. 2).

Re claims 41-42, a planar shape of each of the via and the dummy via is

substantially a square wherein a length of a side of the via and a length of a side of the
dummy via are substantially equal to each other (comparing via 34 with dummy via 42
in fig. 2).

Re claim 44, the dummy via (element 40, e.g. if line 33 being a broken line) is
provided on an extended line along which the first interconnect extends (col. 1, lines 7-8
and col. 2, lines 44-45).

Re claim 53, the distance between the via and the dumimy via is substantially
equal to a minimum interconnect width (fig. 2).

Re claim 54, the durmimy via is provided in plural (fig. 2).

Re claim 58, wherein a planar shape of each of the via and the dummy via is
substantially square, and a side of the dummy via is smaller than a side of the via
(comparing lower end of 40 to upper end of 33, e.g.).

Re claim 60, a planar shape of ie dummy via is substantially a square, and a
side of the dummy via is smaller than a width of the first dummy interconnect
(comparing lower end of 44 to segment of 37, e.g.).

Re claim 62, a distance between the via (40, e.g.) and one end of the second
interconnect (right-hand side of 33) is shorter than a distance between the dummy via

942) and the one end of the second interconnect (left-hand side of 33) and shorter than
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a distance between the via and the other end of the second interconnect (left-hand side
of 33).

Re claim 63, tha dummy via is connected to the upper surface of the second
interconnect (considering 40 on 30).

Re claim 64(of 83), wherein the dummy via is formed in a third insulating film
formed on the second interconnect (col. 2, lines 45-47).

Re claim 65(of &4), the third insulating film has a multi structure including a SiN
film and a SiOz film (col. 3, lines 29-30, 54-64).

Re claim 66(of 83), the dummy via includes a second barrier film and a second
conductive film (col. 2, lines 44-45 and col. 4, lines 32-37).

Re claim 67(of &), the second conductive film includes copper.

Re claim 68(of £§3), a second dummy interconnect is provided on the dummy via
so as to come in contact with a top of the dummy via (considering the right-hand
segment of 37 and the ‘dummy via’ underneath).

Re claims 87-88, the dummy via 68 and the second interconnect (as indicated

above) are made of the same conductive film of copper (figs. 6-7 and associated

passages).

4. Claim 37, 39-40, 45-48, 51-52, 57 and 59 are rejected under 35 U.S.C. 102(a) as

anticipated by or, in the alternative, under 35 U.S.C. 103(a) as obvious over He et al.
The He et al. reference discloses interconnect structures, particularly those

formed above a substrate in an integrated circuit as in the above. Considering the steps

of figs. 3-5 are repeated such that another fig. 6 lying on top of the same fig. 6.
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The He et al. reference discloses neither different shape nor size nor dimension
such as “the first dummy interconnect has a width smaller than that of the second
interconnect (re claim 37); “the dummy via is substantially circutar in a plan view and a
diameter of the dummy via is substantially equal to a width of the first dummy
interconnect” (re claim 47); “a side of the dummy via is substantially equal to a width of
the first dummy interconnect” (re claim 48); “the via and the dummy via are substantially
circuiar in a plan view wherein a diameter of the via and a diameter of the dummy via
are substantially egual to each other” (re claims 39-40) or “a diameter of the dummy via
is smaller than a diameter of the via” (re claim 57) or “a diamegter of the dummy via is
smalier than a width of the first dummy interconnect” (re claim 59); “the via is
substantially circular in a plan view and a diameter of the via is substantially equal to a
width of the first interconnect” (re claim 45); “a side of the via is substantially equal to &
width of the first interconnect” (re claim 46); “the via and the dummy via are space apart
at a distance of 25 microns or 1 micron or less” (re claims 51-52).

However, one of ordinary skill in the art would have been led to the recited
shapes, sizes and dimensions through routine experimentation and optimization.

Applicant has not disclosed that the shapes, sizes and dimensions are for a particular

unobvious purpose, produce an unexpected result, or are otherwise critical, and it
appears prima facie that the process would possess utility using another shape, size
and dimension. Indeed, it has been held that mere dimensional limitations are prima
facie obvious absent a disclosure that the limitations are for a particular unobvious

purpose, produce an unexpected result, or are otherwise critical. See, for example, In
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re Rose, 220 F.2d 459, 105 USPQ 237 (CCPA 1955); In re Rinehart, 531 F.2d 1048,
189 USPQ 143 (CCPA 1976); Gardner v. TEC Systems, Inc., 725 F.2d 1338, 220
USPQ 777 (Fed. Cir. 1984), cert. denied, 469 U.S. 830, 225 USPQ 232 (1984); In re
Dailey, 357 F.2d 669, 149 USPQ 47 (CCPA 1966). See also MPEP 2144.04(1V)(B).
Furthermore, He et al. discloses, in figs. 11-14, barrier layer 78 being formed
before formation of copper lines and copper vias. With this further layer applied around
and before forming copper via 68, e.qg., in a circular shape of the optimization, the
diameter of the dummy via 68 would be smaller than the diameter of the via 55 by the
thickness of the barrier layer; or substantially the same because the thickness of the

barrier is so thin or when the barrier is not applied.

5. Claims 43 and 61 rejected under 35 U.S.C. 103(a) as being unpatentable over
He et al. as applied to claims 27-36, 38, 41-42, 44, 49-50, 53-54, 58, 60, 62-68 and 87-
88 above, and further in view of Armbrust et al. US Pub. 2002/0145201 A1.

The He et al. reference discloses interconnect structures, particularly those
formed above a substrate in an integrated circuit as in the above.

The He et al. reference does not disclose “the first interconnect and the second

interconnect extend in 2 same direction” as in claim 43 and “a longer side of the dummy

via in a plan view and a shorter side of the second interconnect are provided along &

same diraction” as in claim 61. However, two levels n and n+1 in a interconnect

structure could be formed parallel or in a same direction as in Armbrust et al.’s fig. 1.
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It would have been obvious to one of ordinary skill in the art at the time of the
invention to provide the structure of He et al. with two levels n and n+1 formed in a
same direction because such parallel wires are known in the art for forming interconnect
structure of “wires, support structures, and sacrificial structures” being “constructed from
vias and trenches” (Armbrust et al.’s abstract)

Response to Arguments
6. Applicant's arguments filed 01/11/2008 have been fully considered but they are
not persuasive.
7. With the added limitations from now canceled claims 29-30 into claim 27,
applicant argues that He et al. “fails to disclose or suggest that the second interconnect
and the via form a dual damascene structure, the second interconnect and the dummy

via form a dual damascene structure and that the second interconnect, the via and the

dummy via are unified”. The claims are not so limited. He et al.’s second interconnect

37 and the via clearly form a dual damascene structure and also second interconnect

37 and the dummy via form a dual damascene structure in fig. 2.

Conclusion
8. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
9. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to THANH V. PHAM whose telephone number is (571)272-

1866. The examiner can normally be reached on M-T (6:30-5:00).
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

02/02/2008 /Thanh V Pham/
Examiner, Art Unit 2823
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Docket No.: 071971-0064 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN
INTERCONNECTS (AS AMENDED)

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In response to the Office Action dated February 11, 2008, having a three-month
shortened statutory period for response set to expire on May 11, 2008, and the petition for a one-
month extension of time up to and including June 11, 2008 being filed concurrently herewith,
reconsideration of the above-identified application is respectfully requested in view of the

following amendment and remarks.
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IN THE CLAIMS

1-26. (Cancelled)

27. (Currently Amended) A semiconductor device comprising:

a semiconductor substrate;

a first interconnect formed on the semiconductor substrate;

a first insulating film formed on the first interconnect;

a second interconnect formed on the first insulating film;

a via formed through the first insulating film and connecting between the first and second
interconnects; and

a dummy via connected to the second interconnect,

wherein the dummy via is made of a conductive film and is arranged so as to be

incapable of having current flow therethrough;

28. (Previously Presented) The semiconductor device of claim 27 further comprising a
second insulating film formed on the semiconductor substrate,
wherein the first interconnect is formed on the second insulating film, and

the dummy via is connected to a first dummy interconnect formed on the second

insulating film.

29-30. (Cancelled)
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31. (Previously Presented) The semiconductor device of claim 27, wherein the first

insulating film has a multilayer structure including a SiN film and a SiO, film.

32. (Previously Presented) The semiconductor device of claim 27, wherein the second

interconnect includes a first barrier film and a first conductive film.

33. (Previously Presented) The semiconductor device of claim 32, wherein the first

conductive film includes copper.

34. (Previously Presented) The semiconductor device of claim 27, wherein each of the

first and second interconnects is connected to another element or an external electrode.
35. (Previously Presented) The semiconductor device of claim 27, wherein the first
interconnect, the second interconnect and the via constitute part of a closed circuit, and

the dummy via does not constitute a closed circuit.

36. (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect has a width smaller than that of the second interconnect.

37. (Previously Presented) The semiconductor device of claim 28, wherein the first

dummy interconnect has a width smaller than that of the second interconnect.
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38. (Previously Presented) The semiconductor device of claim 28, wherein a width of the
first dummy interconnect and a width of the first interconnect are substantially equal to each

other.

39. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are substantially circular in a plan view.

40. (Previously Presented) The semiconductor device of claim 39, wherein a diameter of

the via and a diameter of the dummy via are substantially equal to each other.

41. (Previously Presented) The semiconductor device of claim 27, wherein a planar

shape of each of the via and the dummy via is substantially a square.

42. (Previously Presented) The semiconductor device of claim 41, wherein a length of a

side of the via and a length of a side of the dummy via are substantially equal to each other.

43. (Previously Presented) The semiconductor device of claim 27, wherein the first

interconnect and the second interconnect extend in a same direction.

44, (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided on an extended line along which the first interconnect extends.
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45. (Previously Presented) The semiconductor device of claim 27, wherein the via is
substantially circular in a plan view, and

a diameter of the via is substantially equal to a width of the first interconnect.

46. (Previously Presented) The semiconductor device of claim 27, wherein a planar
shape of the via is substantially a square, and

a side of the via is substantially equal to a width of the first interconnect.

47. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and
a diameter of the dummy via is substantially equal to a width of the first dummy

interconnect.

48. (Previously Presented) The semiconductor device of claim 28, wherein a planar
shape of the dummy via is substantially a square, and

a side of the dummy via is substantially equal to a width of the first dummy interconnect.

49. (Previously Presented) The semiconductor device of claim 28, wherein each of the

first interconnect and the first dummy interconnect is buried in an upper portion of the second

insulating film.
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50. (Previously Presented) The semiconductor device of claim 28, wherein a longer side
of the first interconnect and a longer side of the first dummy interconnect form substantially a

right angle.

51. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 25 pm or less.

52. (Previously Presented) The semiconductor device of claim 27, wherein the via and

the dummy via are spaced at a distance of 1pm or less.

53. (Previously Presented) The semiconductor device of claim 27, wherein the distance

between the via and the dummy via is substantially equal to a minimum interconnect width.

54. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is provided in plural.

55. (Withdrawn) The semiconductor device of claim 27, wherein a bottom of the dummy

via is located deeper than a bottom of the via.

56. (Withdrawn) The semiconductor device of claim 27 further comprising a second
insulating film formed on the semiconductor substrate,
wherein the first interconnect is formed on the second insulating film, and

a bottom of the dummy via is located in the second insulating film.
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57. (Previously Presented) The semiconductor device of claim 27, wherein the via and
the dummy via are substantially circular in a plan view, and

a diameter of the dummy via is smaller than a diameter of the via.

58. (Previously Presented) The semiconductor device of claim 27, wherein a planar
shape of each of the via and the dummy via is substantially a square, and

a side of the dummy via is smaller than a side of the via.

59. (Previously Presented) The semiconductor device of claim 28, wherein the dummy
via is substantially circular in a plan view, and

a diameter of the dummy via is smaller than a width of the first dummy interconnect.

60. (Previously Presented) The semiconductor device of claim 28, wherein a planar
shape of the dummy via is substantially a square, and

a side of the dummy via is smaller than a width of the first dummy interconnect.

61. (Previously Presented) The semiconductor device of claim 27, wherein the dummy
via is substantially rectangular in a plan view, and
a longer side of the dummy via in a plan view and a shorter side of the second

interconnect are provided along a same direction.
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62. (Previously Presented) The semiconductor device of claim 27, wherein a distance
between the via and one end of the second interconnect is shorter than a distance between the
dummy via and the one end of the second interconnect and shorter than a distance between the

via and the other end of the second interconnect.

63. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via is connected to the upper surface of the second interconnect.

64. (Previously Presented) The semiconductor device of claim 63, wherein the dummy

via is formed in a third insulating film formed on the second interconnect.

65. (Previously Presented) The semiconductor device of claim 64, wherein the third

insulating film has a multilayer structure including a SiN film and a SiO, film.

66. (Previously Presented) The semiconductor device of claim 63, wherein the dummy

via includes a second barrier film and a second conductive film.

67. (Previously Presented) The semiconductor device of claim 66, wherein the second

conductive film includes copper.

68. (Previously Presented) The semiconductor device of claim 63, wherein a second

dummy interconnect is provided on the dummy via so as to come in contact with a top of the

dummy via.

Page 337



Application No.: 11/000,904

69. (Withdrawn) The semiconductor device of claim 27, wherein the second interconnect
is comprised of a first interconnect portion and a second interconnect portion whose interconnect
width is smaller than that of the first interconnect portion and which branches from the first
interconnect portion, and

the via is connected to the second interconnect portion.

70. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is

formed at or near the branch point between the first and second interconnect portions.

71. (Withdrawn) The semiconductor device of claim 69, wherein a width of the second

interconnect portion is 0.2 um or less.

72. (Withdrawn) The semiconductor device of claim 69, wherein the dummy via is
substantially rectangular in a plan view, and
a longer side of the dummy via and a longer side of the first interconnect portion are

provided along a same direction.

73-86. (Cancelled)

87. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via and the second interconnect are made of the same conductive film.
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88. (Previously Presented) The semiconductor device of claim 27, wherein the dummy

via and the second interconnect include a Cu film.

89. (New) The semiconductor device of claim 27, wherein the second interconnect and

the via form a dual damascene structure.

90. (New) The semiconductor device of claim 27, wherein the second interconnect and

the dummy via form a dual damascene structure.

91. (New) The semiconductor device of claim 27, wherein the dummy via includes a
first and second end, the first end connected to the second interconnect and the second end

surrounded by a second insulating film.

92. (New) The semiconductor device of claim 27, wherein the dummy via includes a
first and second end, the first end connected to the second interconnect and the second end
connected to a first dummy interconnect, the first dummy interconnect being surrounded by a

second insulating film.

10
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REMARKS

Claim 27 is independent and stands rejected under 35 U.S.C. § 102 as being anticipated
by He et al. ‘637 (“He”). This rejection is respectfully traversed for the following reasons.

Claim 27 recites in pertinent part, “wherein the dummy via is made of a conductive film
and is arranged so as to be incapable of having current flow therethrough” (emphasis added).
The Examiner broadly interprets the copper via 68 of He shown in Figure 7 thereof as the
claimed “dummy via.” However, via 68 of He is arranged to allow current to flow therethrough
as part of a closed circuit. Via 68 is not a dummy via. In order to expedite prosecution, a
telephone interview with Examiner Pham was conducted. Applicant and Applicant’s
representative would like to thank Examiner Pham for his courtesy in conducting the interview
and for his assistance in resolving issues.

During the interview, Examiner Pham indicated that He discloses that the via 68 may not
be used during operation based on a selected electrical path, by which via 68 allegedly would not
have current flow therethrough. Based on this assertion, Examiner Pham indicated that in the
instance when via 68 is not used, it can be interpreted as a dummy via because current is not
flowing therethrough. Even assuming arguendo that the Examiner is correct in alleging that He
discloses that via 68 may or may not have current flow therethrough, it is respectfully submitted
that the Examiner’s interpretation of a “dummy” via is not reasonable relative to the plain,
ordinary meaning afforded a “dummy” via as understood in the art. Indeed, a “dummy” via
would never constitute a closed-circuit during actual use and is therefore incapable of having
current flow therethrough (as defined on page 5, lines 8-11 of Applicants’ specification). In this
regard, even the mere capability to have current flow through via 68 of He precludes via 68 from

being a “dummy via.”

11
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Claim 27 has been amended to clarify the aforementioned distinction between the
claimed “dummy via” and the via 68 of He. Specifically, claim 27 recites in pertinent part,
“wherein the dummy via is made of a conductive film and is arranged so as to be incapable of
having current flow therethrough” (emphasis added). In direct contrast, via 68 of He is arranged
to be fully capable of having current flow therethrough.

As anticipation under 35 U.S.C. § 102 requires that each and every element of the claim
be disclosed, either expressly or inherently (noting that "inherency may not be established by
probabilities or possibilities", Scaltech Inc. v. Retec/Tetra, 178 F.3d 1378 (Fed. Cir. 1999)), in a
single prior art reference, Akzo N.V. v. U.S. Int’l Trade Commission, 808 F.2d 1471 (Fed. Cir.
1986), based on the forgoing, it is submitted that He does not anticipate claim 27, nor any claim
dependent thereon.

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent
claim upon which it depends is allowable because all the limitations of the independent claim are
contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co.,
819 F.2d at 1100, 1108 (Fed. Cir. 1987). Accordingly, as claim 27 is patentable for the reasons
set forth above, it is respectfully submitted that all claims dependent thereon are also patentable.
In addition, it is respectfully submitted that the dependent claims are patentable based on their
own merits by adding novel and non-obvious features to the combination.

In this regard, it is respectfully requested that the non-elected withdrawn claims be

rejoined as being dependent on an allowable claim.

Based on the foregoing, it is respectfully submitted that all pending claims are patentable
over the cited prior art. Accordingly, it is respectfully requested that the rejections under 35

U.S.C. § 102/103 be withdrawn.
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CONCLUSION

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner's
amendment, the Examiner is requested to call Applicants’ attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.
Respectfully submitted,

McDERMOTT WIL%

Registration No. 46,692

600 13 Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 RMF:MaM

Facsimile: 202.756.8087

Date: June 11,2008

13

Page 342



Electronic Patent Application Fee Transmittal

Application Number:

11000904

Filing Date:

02-Dec-2004

Title of Invention:

SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN

INTERCONNECTS

First Named Inventor/Applicant Name:

Takeshi Harada

Filer: Michael E. Fogarty/Lynn Cruz-Boyden
Attorney Docket Number: 71971-064
Filed as Large Entity
Utility Filing Fees
Description Fee Code Quantity Amount SuILoj-STS(tg)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:

Extension - 1 month with $0 paid 1251 1 120 120

Page 343




Description

Fee Code

Quantity

Amount

Sub-Total in
USD($)

Miscellaneous:

Total in USD ($)

120

Page 344



Electronic Acknowledgement Receipt

EFS ID: 3441533
Application Number: 11000904
International Application Number:
Confirmation Number: 7270
: ian- SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN
Title of Invention: INTERGONNECTS
First Named Inventor/Applicant Name: Takeshi Harada
Customer Number: 20277
Filer: Michael E. Fogarty/Lynn Cruz-Boyden
Filer Authorized By: Michael E. Fogarty
Attorney Docket Number: 71971-064

Receipt Date: 11-JUN-2008

Filing Date: 02-DEC-2004

Time Stamp: 18:15:31

Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $120
RAM confirmation Number 3759
Deposit Account 500417
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

Page 345



Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document - . File Size(Bytes) Multi Pages
Number Document Description File Name /Message Digest| Part/.zip| (if appl.)
416055
1 Amendment.pdf yes 14
350bal2e573b72d08d8eae19913efada
8743533d
Multipart Description/PDF files in .zip description
Document Description Start End
Extension of Time 1 1
Amendment - After Non-Final Rejection 2 2
Claims 3 11
Applicant Arguments/Remarks Made in an Amendment 12 14
Warnings:
Information:
8183
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
477b06c99086e0d6b81c16341c1c4a90
dad6aae2
Warnings:
Information:
Total Files Size (in bytes): 424238

Page 346
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similar to a Post Card, as described in MPEP 503.
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Docket No.: 071971-0064 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Takeshi HARADA Confirmation Number: 7270
Application No.: 11/000,904 Group Art Unit: 2823

Filed: December 02, 2004 Examiner: Thanh V. Pham

For: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN
INTERCONNECTS (AS AMENDED)

PETITION FOR EXTENSION OF TIME

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

It is respectfully requested that the time for response to the Office Action dated
February 11, 2008, now due to expire May 11, 2008, be extended for one month and set to expire
on June 11, 2008.

Please charge the extension fee of $120.00 to Deposit Account No. 500417. Please

charge any additional fees or credit any overpayment to Deposit Account No. 500417.
Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Ramiyar M. Farid

Registration No. 46,692
600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 RMF:lcb
Facsimile: 202.756.8087
Date: June 11,2008

WDC99 1578766-1.071971.0064
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P.O. Box 1450
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NOTICE OF ALLOWANCE AND FEE(S) DUE

20277 7590 08/01/2008 | EXAMINER |
MCDERMOTT WILL & EMERY LLP PHAM, THANH V
600 13TH STREET, N.W. | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 2894

DATE MAILED: 08/01/2008

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

11/000,904 12/02/2004 Takeshi Harada 71971-064 7270
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1440 $300 $0 $1740 11/03/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

20277 7590 08/01/2008
Certificate of Mailing or Transmission
MCDERMOTT WILL & EMERY LLP I hereby cerltify that thisﬂfee(fsf) Transmittal isf be%ng dfiposited 1With the Uriited
States Postal Service with sufficient postage for first class mail in an envelope
600 13TH STREET, N.W. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
WASHINGTON, DC 20005-3096 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
11/000,904 12/02/2004 Takeshi Harada 71971-064 7270
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1440 $300 $0 $1740 11/03/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PHAM, THANH V 2894 257-758000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
11/000,904 12/02/2004 Takeshi Harada 71971-064 7270
20277 7590 08/01/2008 | EXAMINER |
MCDERMOTT WILL & EMERY LLP PHAM, THANH v
600 13TH STREET, N.W. | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 2894

DATE MAILED: 08/01/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 306 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 306 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

) . 11/000,904 HARADA, TAKESHI
Notice of Allowability Examiner Art Unit
THANH Van PHAM 2894

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to Amendment filed 06/11/2008.

2. X] The allowed claim(s) is/are 27,28,31-72.87.88.91 and 92.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al b)[J Some* c¢)[JNone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment
Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080729
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Application/Control Number: 11/000,904 Page 2
Art Unit: 2894

EXAMINER’S AMENDMENT

1. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given in a telephone interview
with Ramyar M. Farid on 07/29/2008.

The application has been amended as follows: based on the amendment filed

06/11/2008, in claim 1, line 10, after “therethrough”, insert back the deleted limitations of

H

the second interconnect and the via form a dual damascene structure, and

the second interconnect and the dummy via from a dual damascene structure--;

Cancel claims 89 and 90;
2. Claims 27-28, 31-54, 57-68, 87-88 and 91-92 are allowable. Claims 55-56 and
69-72 are, previously withdrawn from consideration as a result of a restriction
requirement, require all the limitations of an allowable claim. Pursuant to the procedures
set forth in MPEP § 821.04(a), the restriction requirement amongst inventions
species, as set forth in the Office action mailed on 01/05/2007, is hereby
withdrawn and claims 55-56 and 69-72 are hereby rejoined and fully examined for
patentability under 37 CFR 1.104. In view of the withdrawal of the restriction
requirement, applicant(s) are advised that if any claim presented in a continuation or

divisional application is anticipated by, or includes all the limitations of, a claim that is
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Application/Control Number: 11/000,904 Page 3
Art Unit: 2894

allowable in the present application, such claim may be subject to provisional statutory
and/or nonstatutory double patenting rejections over the claims of the instant
application. Once the restriction requirement is withdrawn, the provisions of 35 U.S.C.
121 are no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129,
131-32 (CCPA 1971). See also MPEP § 804.01.
3. Claims 27-28, 31-72, 87-88 and 91-92 are allowed.
4. The following is an examiner’s statement of reasons for allowance: the cited prior
art, individually or in combination, does not disclose or suggest all of the claimed
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information n connection with your
subnnission of the attached form related {o a patent application or patent.  Accordingly, pursuant to the
requirements of the Act, please be advised that: {1} the ganeral authority tor the collection of this information is
35 U.8.C. 2{bya)}; {2} furnishing of the information solicited is voluntary; and (3} the principal purpose for which
the information is used by the U.5. Patent and Trademark Office is (o process andfor examine your submission
related 10 a patent application or patent. ¥ you do not furnish the requested information, the U5, Palent and
Traderark Office may not be able 1o process andfor examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of tha patant.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this foret will be treated confidentlally to the extent allowed undar the Freedom of
nformation Act (5 U.B.C. 882} and the Privacy Act {8 UB.C §52a). Records from this system of
records may be disclosad o the Deparment of Justice to detarmine whether disclosure of these
racovds is required by the Fresdom of Information Act.

2. A record from this system of recards may be disclosed, as a routine use, in the course of presenting

avidernce {o a court, magisirate, or adminisirative tribunal, including disclosures to opposing counssl in

the course of seftlement negotiations.

A record in this systern of records may be disclosed, as a routine use, 1o a Member of Congress

submitting a request involving an individual, 1o whom the record perlains, when the individual has

requesiad assistance from the Member with respect 1o the subject matter of the record,

4. A record in this system of records may be disclosed, as a routine use, o a contractor of the Agency
having need for the information in order 1o perform a cordract.  Racipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amendad, pursuant to 5 U.S.C.
552a{m}.

5 A record refated 1o an Itemalional Application filed under the Patent Cooperation Trealy in this
system of records may be disclosed, as a routing use, to the International Bursau of the World
intallectual Property Organization, pursuant 1o the Patert Cooperation Trealy.

8. A record in this system of records may be disclosed, as a rouline use, o another federal agency for
prposes of National Security review {35 U.B.C. 181) and for review pursuant to the Atomic Energy Act
42 U.5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as 2 routine use, 1o the Administrator, General
Services, or histher designee, during an inspection of records conducted by GSA as part of that
agency's responsibility to recommend improvemenis in records managemeni practices and programs,
under authority of 44 U.5.0. 2904 and 2806. Such disclosure shall be made i accordance with the
GEA regulations governing inspection of records for this purpose, and any other refevant (e, GSA or
Commerce) directive. Such disclosure shall not be used 10 make determinations about individuals.

8. A record from this system of records may be disclosad, as a routine use, 1o the public after either
publication of the application pursuant to 35 U.S.C. 122{b} or issuance of a palent pursuant to 35
U.S.0. 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, o tha public if the record was filed in an application which became abandoned or in which the
proceadings weare terminated and which application is referenced by either a published application, an
application open to public Ingpection or an iasusd patent.

9. A record from this system of records may be disclosed, as a rouline use, to a Federal, State, or local
faw enforcement agancy, if the USPTQ becomeas aware of a viclation or potential viciation of law or
regulation.

o
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UNITED STATES A ,Box 1430
PATENT AND TRADEMARK OFFICE Ao, Y e onto. oV
ELECTRONIC ACKNOWLEDGEMENT RECEIPT
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
11/000,904 11/18/2024 06:59:20 PM Z ET 71971-064
Title of Invention
SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS
Application Information
APPLICATION TYPE  Ultility - Nonprovisional Application PATENT # 7439623
under 35 USC 111(a)
CONFIRMATION # 7270 FILEDBY Yilu
PATENT CENTER # 68011925 FILING DATE  12/02/2004
CUSTOMER # 53080 FIRST NAMED  Takeshi Harada
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Szymon Gurda
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
POA.pdf 2 Power of Attorney 1167 KB
. ) Assignee showing of
aia0096-7439623.pdf 3 ownership per 37 CFR 3.73 121 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)
A892831912DB61D02909980587B7AC6C6146DF524E9E902579
POA.pdf 7EEA73DD8E792EFA7B804D7C0D51653035B725DFD8ESFA4A

5C42ED1E4F2530369BFOFAEF42863C

_ 2714C7831085BB3732ACBA5S8E57B6C27BA000FBE3S9ECCS9
aia0096-7439623.pdf 1AD6B8DF43E4E23F8D5351CFA1FBD028449BD705E48719A2
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C12FACEQ7158A1D7FBA5494F2CE4FD2

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.

Page 372



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)
ADVANCED INTEGRATED CIRCUIT PROCESS LLC

Application No./Patent No.: /439623 Filed/Issue Date: October 21, 2008
Titled: SEMICONDUCTOR DEVICE HAVING VIA CONNECTING BETWEEN INTERCONNECTS

ADVANCED INTEGRATED CIRCUIT PROCESS LLC corporation

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1 From: the inventor(s) To: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reel 016067 , Frame 0624 , or for which a copy thereof is attached.

2 From: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 1,. PANASONIC CORPORATION

The document was recorded in the United States Patent and Trademark Office at

Reel 022434 , Frame 0348 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

STATEMENT UNDER 37 CFR 3.73(c)

3 From: PANASONIC CORPORATION To: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD.

The document was recorded in the United States Patent and Trademark Office at

Reol 052755 0917

, Frame , or for which a copy thereof is attached.

4. From: PANASONIC SEMICONDUCTOR SOLUTIONS CO., LTD. To: NUVOTON TECHNOLOGY CORPORATION JAPAN

The document was recorded in the United States Patent and Trademark Office at

Reel 067711 0965

, Frame , or for which a copy thereof is attached.

5 From: NUVOTON TECHNOLOGY CORPORATION JAPAN 1,. ADVANCED INTEGRATED CIRCUIT PROCESS LLC

The document was recorded in the United States Patent and Trademark Office at

Reol 068118 0314

, Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Szymon M. Gurda/ November 18, 2024
Signature Date

Szymon M. Gurda 58451

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

8. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.8.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 29086. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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7 % UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
g0V

‘www.uspto.

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/000,904 12/02/2004 Takeshi Harada 71971-064
CONFIRMATION NO. 7270
27197 POA ACCEPTANCE LETTER
SZYMON M. GURDA. RO ORI
903 COMMERCE DR 0C000000080936492
SUITE 310

OAK BROOK, IL 60523

Date Mailed: 11/22/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/18/2024.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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7 5% UNITED STATES PATENT AND TRADEMARK OFFICE

\\\ E UNITED STATES DEPARTMENT OF COMMERCE
P &\ United States Patent and Trademark Office
“ Address: ggMBM[Et§£ONER FOR PATENTS
O, Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
11/000,904 12/02/2004 Takeshi Harada 71971-064
CONFIRMATION NO. 7270
53080 POWER OF ATTORNEY NOTICE
Rimon PC - Panasonic Corporation
8300 Greensboro O A e
Suite 500 0C000000080936463

McLean, VA 22102

Date Mailed: 11/22/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/18/2024.

« The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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