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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a semiconductor device and a method for
fabricating the semiconductor device. Specifically, the present invention relates to a
structure of a MISFET (metal insulator semiconductor field-effect transistor) and a method
for fabricating the MISFET and, more particularly, relates to techniques for improving the
driving power and reliability of a MISFET.

Description of Prior Art

In recent years, as the degree of integration, function and operation speed of
semiconductor integrated circuit devices have been highly improved, there have been
attempts to reduce a junction depth of an extension according to a scaling rule and, at the
same time, to use, as a gate insulating film of a MISFET, a high dielectric constant film
formed of a Hf based oxide, Al based oxide or the like, which has a relative dielectric
constant of 10 or more, instead of an SiO, based insulating film having a relative dielectric
constant of about 4.

FIGS. 16A and 16B are cross-sectional views illustrating respective structures of
known MISFETs using a high dielectric constant gate insulating film, respectively (see
Ken Watanabe, HfSION-CMOS technology for achieving high performance and high
reliability, Semi. Forum Japan, 2005).

As shown in FIG. 16A, a gate electrode 105 is formed on a region of a well 102
surrounded by a STI (shallow trench isolation) 103. The region of the well 102 surrounded

by the STI serves as an active region of a substrate 101. The gate electrode 105 is
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provided on the region with a high dielectric constant gate insulating film 104 interposed
therebetween. An insulating sidewall 107 is formed on each side of the gate electrode 105.
An extension region 110 is formed in part of the well 102 located under the insulating
sidewall 107. A pocket region 111 is formed in part of the well 102 located under the
extension region 110. Source/drain regions 112 are formed so that each of the source/drain
regions 112 is provided in parts of the well 102 located at the external side to the extension
region 110 and the pocket region 111 when viewed from the gate electrode 105.

A structure shown in FIG. 16B is different from a structure shown in FIG. 16A in
that a sidewall 107 is formed on each side of a gate electrode 105 with an insulating offset
sidewall 106 interposed therebetween. Thus, an overlapping amount of the gate electrode

105 and an extension region 110 can be optimized in a simple manner.

SUMMARY OF THE INVENTION

However, in a structure of a known MISFET using a high dielectric constant gate
insulating film, side end portions of the high dielectric constant gate insulating film are in
direct contact with sidewalls. Thus, in forming sidewalls of, for example, a silicon oxide
film or the like, a composition of the side end portions of the high dielectric constant gate
insulating film becomes closer to SiO, or like other inconvenience occurs. As a result,
reduction in the dielectric constant and insulation property of the high dielectric constant
gate insulating film is caused at gate electrode end part, so that device characteristics of the
MISFET are deteriorated and the reliability of the gate insulating film is degraded.

In view of the above-described problems, it is therefore an object of the present
invention to improve characteristics of a MISFET without degrading of a high dielectric
constant gate insulating film.

To achieve the above-described object, the inventors of the present application have
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devised a MISFET structure in which a high dielectric constant gate insulating film is kept
remaining under sidewalls to prevent end portions of the high dielectric constant gate
insulating film from being in contact with the sidewalls, and a method for forming the
MISFET structure. In the mean time, when the high dielectric constant gate insulating film
is kept remaining under the sidewalls, a capacitance between gate/drain regions is
increased, thus resulting in adverse effects on circuit speed. Also, in such cases, when
extension implantation or LDD (lightly doped drain) implantation is performed, it is
necessary to implant ions through a high dielectric constant film. Thus, when ion
implantation is performed, expansion of an implanted impurity in the depth direction is
increased, in other words, a junction point of an extension or an LDD is located at a large
depth, so that desired device characteristics can not be obtained. This is because
implantation acceleration energy is increased for the following reasons.

Reason 1) With use of a high dielectric constant film as a gate insulating film, a
desired dielectric constant can be achieved even without having the thickness of the high
dielectric constant film reduced. Therefore, the thickness of the high dielectric constant
film has to be set at a large value.

Reason 2) A high dielectric constant film contains heavy metal and Rp
(projection range) of implanted ions is small.

To cope with this problem, the inventors have devised a MISFET structure in
which a high dielectric constant gate insulating film is kept remaining under sidewalls and
part of the high dielectric constant gate insulating film located under the sidewalls is made
to have a smaller thickness than a thickness of part of the high dielectric constant gate
insulating film located under a gate electrode, and a method for forming the MISFET
structure.

Specifically, a semiconductor device according to the present invention includes: a
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gate electrode formed on the high dielectric constant gate insulating film; and an insulating
sidewall formed on each side surface of the gate electrode. In the semiconductor device,
the high dielectric constant gate insulating film is continuously formed so as to extend
from under the gate electrode to under the insulating sidewall, and at least part of the high
dielectric constant gate insulating film located under the insulating sidewall has a smaller
thickness than a thickness of part of the high dielectric constant gate insulating film located
under the gate electrode.

In the semiconductor device of the present invention, the insulating sidewall may
include a first insulating sidewall formed on a side surface of the gate electrode and a
second insulating sidewall formed on the side surface of the gate electrode with the first
insulating sidewall interposed therebetween, the high dielectric constant gate insulating
film may be continuously formed so as to extend from under the gate electrode to under the
first insulating sidewall, and part of the high dielectric constant gate insulating film located
under the first insulating sidewall may have a smaller thickness than a thickness of part of
the high dielectric constant gate insulating film located under the gate electrode.

When the insulating sidewall includes the first insulating sidewall and the second
insulating sidewall, the high dielectric constant gate insulating film may be formed so as
not to be located under the second insulating sidewall.

When the insulating sidewall includes the first insulating sidewall and the second
insulating sidewall, the high dielectric constant gate insulating film may be continuously
formed so as to extend from under the gate electrode to under the second insulating
sidewall, and part of the high dielectric constant gate insulating film located under the
second insﬁlating sidewall may have the same thickness as a thickness of part of the high
dielectric constant gate insulating film located under the first insulating sidewall.

When the insulating sidewall includes the first insulating sidewall and the second
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insulating sidewall, the high dielectric constant gate insulating film may be continuously
formed so as to extend from under the gate electrode to under the second insulating
sidewall, and part of the high dielectric constant gate insulating film located under the
second insulating sidewall may have a smaller thickness than a thickness of part of the
high dielectric constant gate insulating film located under the first insulating sidewall.

In the semiconductor device of the present invention, the insulating sidewall may
include a first insulating sidewall formed on a side surface of the gate electrode and a
second insulating sidewall formed on the side surface of the gate electrode with the first
insulating sidewall interposed therebetween, the high dielectric constant gate insulating
film may be continuously formed so as to extend from under the gate electrode to under
the second insulatiﬁg sidewall, part of the high dielectric constant gate insulating film
located under the first insulating sidewall may have the same thickness as a thickness of
part of the high dielectric constant gate insulating film located under the gate electrode,
and part of the high dielectric constant gate insulating film located under the second
insulating sidewall may have a smaller thickness than a thickness of part of the high
dielectric constant gate insulating film located under the gate electrode.

In the semiconductor device of the present invention, the high dielectric constant
gate insulating film may include a notch at a side end portion.

The semiconductor device of the present invention may further include a buffer
insulating film between the substrate and the high dielectric constant gate insulating film.
In such a case, the buffer insulating film may be a silicon oxide film or a silicon
oxynitride film.

In the semiconductor device of the present invention, the gate electrode may be a
fully silicided gate electrode of which an entire region has been silicided.

A method for fabricating a semiconductor device according to the present invention
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includes the steps of: a) forming a high dielectric constant gate insulating film on an active
region of a substrate; b) forming a gate electrode on the high dielectric constant gate
insulating film; c¢) etching, after the step b), part of the high dielectric constant gate
insulating film located in an external side to the gate electrode to reduce a thickness of the
part; and d) forming, after the step c), an insulating sidewall on a side surface of the gate
electrode.

The method for fabricating a semiconductor device according to the present
invention may further include, after the step d), the step of removing part of the high
dielectric constant gate insulating film located in an external side to the insulating sidewall.

In the method for fabricating a semiconductor device according to the present
invention, the insulating sidewall may include a first insulating sidewall and a second
insulating sidewall, and the step d) may include the step d1) of forming the first insulating
sidewall on a side surface of the gate electrode and the step of d2) of forming the second
insulating sidewall on the side surface of the gate electrode with the first insulating
sidewall interposed therebetween.

When the step d) includes the step d1) and the step d2), the method for fabricating a
semiconductor device according to the present invention may further inélude, between the
step d) and the step d2), the step of removing part of the high dielectric constant gate
insulating film located in the external side to the first insulating sidewall.

‘When the step d) includes the step d1) and the step d2), the method for fabricating a
semiconductor device according to the present invention may further include, between d1)
and the step d2), the step of etching part of the high dielectric gate insulating film located
in an external side to the first insulating sidewall to reduce a thickness of the part; and after
the step d2), the step of removing part of the high dielectric constant gate insulating film

located in an external side to the second insulating sidewall.
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In the method for fabricating a semiconductor device according to the present
invention, the dielectric constant gate insulating film may be selectively removed by wet
etching.

In the method for fabricating a semiconductor device according to the present
invention, the step b) may include the step of forming a protective film for covering an
upper surface of the gate electrode, and the method may further include, after the step d),
the step of siliciding a surface of part of the active region located in the external side to the
insulating sidewall, removing the protective film and then fully siliciding the gate
electrode.

The method for fabricating a semiconductor device according to the present
invention further includes, before the step a), the step of forming a buffer insulating film
on the active region, and in the step a), the high dielectric constant gate insulating film may
be formed on the active region with the buffer insulating film interposed therebetween.

According to the present invention, a high dielectric constant gate insulating film is
continuously formed so as to extend from under a gate electrode to under a sidewall. In
other words, continuity of the high dielectric constant gate insulating film at a gate end
portion is maintained. Thus, reduction in the dielectric constant and insulation property of
the high dielectric constant gate insulating film at the gate end portion, caused by a side
end portion of the high dielectric constant gate insulating film being in direct contact with
a sidewall film, can be suppressed. Moreover, the high dielectric constant gate insulating
film is formed so as to have a smaller thickness in the part located under the sidewall than
a thickness of the part located under gate electrode. Thus, increase in a capacitance
between a gate and a drain can be suppressed, so that adverse effects on circuit speed can
be reduced. Furthermore, since extension implantation or LDD implantation is performed

through the part of the high dielectric constant film which has a small thickness, increase in
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implantation acceleration energy can be suppressed. Accordingly, a shallow junction can
be formed in an extension or a LDD in a simple manner. Therefore, device characteristics
can be improved in a simple manner.

As has been described, the present invention relates to a semiconductor device and
a method for fabricating the semiconductor device. Specifically, when the present
invention is applied to a MISFET including a high dielectric constant gate insulating film,
the effect of improving the driving power and reliability of the MISFET can be achieved

and is therefore very useful.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a structure of a semiconductor device
according to a first embodiment of the present invention.

FIG. 2 is a cross-sectional view illustrating a structure of a semiconductor device
according to a second embodiment of the present invention.

FIG. 3 is a cross-sectional view illustrating a structure of a semiconductor device
according to a second modified example of the second embodiment of the present
invention.

FIG. 4 1s a cross-sectional view illustrating a structure of a semiconductor device
according to a third modified example of the second embodiment of the present invention.

FIG. 5 is a cross-sectional view illustrating a structure of a semiconductor device
according to a third embodiment of the present invention.

FIG. 6 is a cross-sectional view illustrating a structure of a semiconductor device
according to a modified example of the first embodiment of the present invention.

FIG. 7 is a cross-sectional view illustrating a structure of a semiconductor device

according to a first modified example of the second embodiment of the present invention.
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FIG. 8 is a cross-sectional view illustrating a structure of a semiconductor device
according to a modified example of the third embodiment of the present invention.

FIG. 9 is a cross-sectional view illustrating a structure of a semiconductor device
according to a fourth embodiment of the present invention.

FIG. 10 is a cross-sectional view illustrating a structure of a semiconductor device
according to a modified example of the fourth embodiment of the present invention.

FIGS. 11A through 11F are cross-sectional views illustrating respective steps for
fabricating a semiconductor device according to a fifth embodiment of the present
invention.

FIGS. 12A through 12G are cross-sectional views illustrating respective steps for
fabricating a semiconductor device according to a sixth embodiment of the present
invention.

FIGS. 13A through 13G are cross-sectional views illustrating respective steps for
fabricating a semiconductor device according to a seventh embodiment of the present
invention.

FIGS. 14A through 14G are cross-sectional views illustrating respective steps for
fabricating a semiconductor device according to an eighth embodiment of the present
invention.

FIGS. 15A through 15D are cross-sectional views illustrating respective steps for
fabricating a semiconductor device according to the eighth embodiment of the present
invention.

FIGS. 16A and 16B are cross-sectional views illustrating a structure of a known

MISFET, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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(First Embodiment)

Hereafter, a semiconductor device according to a first embodiment of the present
invention will be described with reference to the accompanying drawings. FIG. 1 is a
cross-sectional view illustrating a structure of a semiconductor device (more specifically, a
single sidewall type MISFET) according to the first embodiment. In this embodiment,
description will be made using an n-type MISFET as an example. However, even when
the present invention is applied to a p-type MISFET, the same effects as those of this
embodiment can be achieved.

As shown in FIG. 1, a gate electrode 5 is formed on an active region of a p-type
well 2 surrounded by a STI 3. The p-type well 2 is formed in a substrate 1 made of, for
example, silicon. The gate electrode 5 is formed on the active region with a high dielectric
constant gate insulating film 4A interposed therebetween. An insulating sidewall 7 is
formed on each side surface of the gate electrode 5. An n-type extension region 10 is
formed in part of the p-type well 2 located under the sidewall 7. Furthermore, a p-type
pocket region 11 is formed in part of the p-type well 2 located under the n-type extension
region 10. N-type source/drain regions 12 are formed so that each of the source/drain
regions 12 is provided in part of the p-type well 2 located in the external side to the n-type
extension region 10 and the p-type pocket region 11 when viewed from the gate electrode
5.

It is a first feature of this embodiment that the high dielectric constant gate
insulating film 4A is kept remaining not only under the gate electrode 5 but also under the
sidewall 7. That is, the high dielectric gate insulating film 4A is continuously formed so as
to extend from under the gate electrode 5 to under the sidewall 7.

It is a second feature of this embodiment that the thickness of the part of the high

dielectric constant gate insulating film 4A located under the sidewall 7 is smaller than a
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thickness of the part of the high dielectric constant film 4A located under the gate electrode
5. That is, the gate insulating film 4A is formed so as to have a convex shape.

According to this embodiment, each side end portion of the high dielectric constant
gate insulating film 4A is not in contact with the sidewall 7 and continuity of the high
dielectric constant gate insulating film 4A at an end portion of the gate electrode § is
maintained. Accordingly, reduction in the dielectric constant and insulation property of the
high dielectric constant gate insulating film 4A at the end portion of the gate electrode 5
can be suppressed, so that deterioration of device characteristics of the MISFET and
reduction in the reliability of the gate insulating film can be prevented.

According to this embodiment, the existence of the high dielectric constant gate
insulating film 4A under the sidewall 7 makes capacitive coupling between the gate
electrode 5 and the n-type extension region 10 stronger in the vicinity of the end portion of
the gate electrode 5. As a result, a high overlapping effect between a gate and a drain can
be achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device
characteristics and hot carrier reliability can be improved at the same time.

Meanwhile, in this embodiment, because of the existence of the high dielectric
constant gate insulating film 4A under the sidewall 7, there might be cases where a
capacitance particularly between the gate electrode 5 and each of the n-type source/drain
regions 12 is increased and, accordingly, a circuit speed is reduced. However, as described
above, in this embodiment, the high dielectric constant gate insulating film 4A is formed
so as to have a smaller thickness in the part located under the sidewall 7 than a thickness of
the part located under the gate electrode 5. Therefore, increase in a capacitance between
the gate and the drain and adverse effect on the circuit speed can be suppressed.

As has been described, according to this embodiment, device/circuit characteristics

of an MISFET and the reliability of a gate insulating film, which are conventionally in the
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trade-off relationship, can be largely improved at the same time.

(Modified Example of First Embodiment)

Hereafter, a semiconductor device according to a modified example of the first
embodiment of the present invention will be described with reference to the accompanying
drawings. FIG. 6 is a cross-sectional view illustrating a structure of a semiconductor
device (more specifically, a single sidewall n-type MISFET) according to the modified
example of the first embodiment.

As shown in FIG. 6, this modified example is different from the first embodiment
in that part of a high dielectric constant gate insulating film 4A located under each side end
portion of a sidewall 7, i.e., a side portion of the high dielectric constant gate insulating
film 4A is removed in a notch shape, so that a notch 20 is provided.

According to this modified example, adverse effects on circuit speed due to
increase in a capacitance between a gate electrode 5 and each of n-type source/drain

regions 12 can be further suppressed.

(Second Embodiment)

Hereafter, a semiconductor device according to a second embodiment of the present
invention will be described with reference to the accompanying drawings. In contrast with
the first embodiment in which a single sidewall type MISFET is described, a double
sidewall type MISFET (see H. Sayama et al., IEDM Tech. Dig., 2000, p. 239) in which an
overlapping amount between a gate electrode and an extension region can be optimized in
a simple manner will be described in the second embodiment. In this embodiment,
description will be made using an n-type MISFET as an example. However, even when

the present invention is applied to a p-type MISFET, the same effects as those of this
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embodiment can be achieved.

FIG. 2 is a cross-sectional view illustrating a structure of a semiconductor device
according to the second embodiment. As shown in FIG. 2, a gate electrode 5 is formed on
an active region of a p-type well 2 surrounded by a ST1 3. The p-type well 2 is formed in a
substrate 1 made of, for example, silicon. The gate electrode 5 is formed on the active
region with a high dielectric constant gate insulating film 4B interposed therebetween. An
insulating sidewall 7 is formed on each side surface of the gate electrode 5 with an offset
sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of
parts of the p-type well 2 located under the offset sidewall 6 and the sidewall 7.
Furthermore, a p-type pocket region 11 is formed in part of the p-type well 2 located under
the n-type extension region 10. N-type source/drain regions 12 are formed so that each of
the source/drain regions is provided in part of the p-type well 2 located in the external side
to the n-type extension region 10 and the p-type pocket region 11 when viewed from the
gate electrode 5.

It is a first feature of this embodiment that the high dielectric constant gate
insulating film 4B is kept remaining not only under the gate electrode 5 but also under the
offset sidewall 6. That is, the high dielectric constant gate insulating film 4B is
continuously formed so as to extend from under the gate electrode 5 to under the offset
sidewall 6.

It is a second feature of this embodiment that the thickness of the part of the high
dielectric constant gate insulating film 4B located under the offset sidewall 6 is smaller
than a thickness of the part of the high dielectric constant film 4B located under the gate
electrode 5. That is, the gate insulating film 4B is formed so as to have a convex shape.

According to this embodiment, each side end portion of the high dielectric constant

gate insulating film 4B is not in contact with the offset sidewall 6 and continuity of the
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high dielectric constant gate insulating film 4B at an end portion of the gate electrode S is
maintained. Accordingly, reduction in the dielectric constant and insulation property of the
high dielectric constant gate insulating film 4B at the end portion of the gate electrode 5
can be suppressed, so that deterioration of device characteristics of the MISFET and
reduction in the reliability of the gate insulating film can be prevented.

According to this embodiment, the existence of the high dielectric constant gate
insulating film 4B under the offset sidewall 6 makes capacitive coupling between the gate
electrode 5 and the n-type extension region 10 stronger in the vicinity of the end portion of
the gate electrode 5. As a result, a high overlapping effect between a gate and a drain can
be achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device
characteristics and hot carrier reliability can be improved at the same time.

Moreover, according to this embodiment, the high dielectric constant gate
insulating film 4B does not exist under the sidewall 7. Thus, increase in a capacitance
between the gate electrode 5 and each of the n-type source/drain regions 12 can be further
suppressed so that a small capacitance can be maintained. Accordingly, increase in a
parasitic capacitance and adverse effects on circuit speed due to the increase can be
suppressed at a minimum level.

As has been described, according to this embodiment, device/circuit characteristics
of an MISFET and the reliability of a gate insulating film, which are conventionally in the

trade-off relationship, can be largely improved at the same time.

(First Modified Example of Second Embodiment)
Hereafter, a semiconductor device according to a modified example of the second
embodiment of the present invention will be described with reference to the accompanying

drawings. FIG. 7 is a cross-sectional view illustrating a structure of the semiconductor
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device (more specifically, a double sidewall type MISFET) according to the first modified
example of the second embodiment.

As shown in FIG. 7, this modified example is different from the second
embodiment is that part of a high dielectric constant gate insulating film 4B located under
each side end portioﬁ of the offset sidewall 6, i.e., a side portion of the high dielectric
constant gate insulating film 4B is removed in a notch shape, so that a notch 20 is
provided.

According to this modified example, adverse effects on circuit speed due to
increase in a capacitance between a gate electrode 5 and each of n-type source/drain

regions 12 can be further suppressed.

(Second Modified Example of Second Embodiment)

Hereafter, a semiconductor device according to a second modified example of the
second embodiment of the present invention will be described with reference to the
accompanying drawings. FIG. 3 is a cross-sectional view illustrating a structure of the
semiconductor device (more specifically, a double sidewall type MISFET) according to the
second modified example of the second embodiment.

This embodiment is different from the second embodiment in that a high dielectric
constant gate insulating film 4C is kept remaining not only under the gate electrode 5 and
the offset sidewall 6 but also under the sidewall 7. That is, the high dielectric constant gate
insulating film 4C is continuously formed so as to extend from under the gate electrode 5
to under the sidewall 7.

In this modified example, the thickness of part of the high dielectric constant gate
insulating film 4C located under the sidewall 7 is the same as the thickness of part of the

high dielectric constant gate insulating film 4C located under the offset sidewall 6. That is,
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the high dielectric constant gate insulating film 4C is formed so as to have a convex shape.

According to this modified embodiment, the high dielectric constant gate insulating
film 4C is continuously formed so as to extend from under the gate electrode 5 to under the
sidewall 7. Thus, even when the offset sidewall 6 has a very small width (thickness), each
side end portion of the high dielectric constant gate insulating film 4C is not in contact
with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4C at
an end portion of the gate electrode 5 is maintained. Accordingly, reduction in the
dielectric constant and insulation property of the high dielectric constant gate insulating
film 4C at the end portion of the gate electrode 5 can be suppressed, so that deterioration of
device characteristics of the MISFET and reduction in the reliability of the gate insulating
film can be prevented.

In this modified example, as in the first embodiment, because of the existence of
the high dielectric constant gate insulating film 4C under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of the n-type source/drain
regions 12 is increased. However, as has been described, in this modified example, the
high dielectric constant gate insulating film 4C is formed so as to have a smaller thickness
in the part located under the sidewall 7 than a thickness of the part located under the gate
electrode 5. Therefore, increase in a parasitic capacitance and adverse effects on circuit

speed due to the increase can be suppressed.

(Third Modified Example of Second Embodiment)

Hereafter, a semiconductor device according to a third modified example of the
second embodiment of the present invention will be described with reference to the
accompanying drawings. FIG. 4 is a cross-sectional view illustrating a structure of a

semiconductor device (more specifically, a double sidewall type MISFET) according to the
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third modified example of the second embodiment.

A first difference between this modified example and the second embodiment is
that in this modified example, a high dielectric constant gate insulating film 4D is kept
remaining not only under the gate electrode 5 and the offset sidewall 6 but also under the
sidewall 7. That is, the high dielectric constant gate insulating film 4D is continuously
formed so as to extend from under the gate electrode 5 to under the sidewall 7.

A second difference between this modified example and the second embodiment is
that in this modified example, the thickness of part of the high dielectric constant gate
insulating film 4D located under the offset sidewall 6 is the same as the thickness of part of
the high dielectric constant gate insulating film 4D located under the gate electrode 5. The
thickness of part of the high dielectric constant gate insulating film 4D located under the
sidewall 7 is smaller than the thickness of the part of the high dielectric constant gate
insulating film 4D located under the gate electrode 5. That is, the high dielectric constant
gate insulating film 4D is formed so as to have a convex shape.

According to this modified example, the high dielectric constant gate insulating
film 4D is continuously formed so as to extend from under the gate electrode 5 to under the
sidewall 7. Thus, even when the offset sidewall 6 has a very small width (thickness), each
side end portion of the high dielectric constant gate insulating film 4D is not in contact
with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4D at
an end portion of the gate electrode 5 is maintained. Accordingly, reduction in the
dielectric constant and insulation property of the high dielectric constant gate insulating
film 4D at the end portion of the gate electrode S can be suppressed, so that deterioration of
device characteristics of the MISFET and reduction in the reliability of the gate insulating
film can be prevented.

In this modified example, as in the first embodiment, because of the existence of
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the high dielectric constant gate insulating film 4D under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of the n-type source/drain
regions 12 is increased. However, as has been described, in this modified example, the
high dielectric constant gate insulating film 4D is formed so as to have a smaller thickness
in the part located under the sidewall 7 than a thickness of the part located under the gate
electrode 5. Therefore, increase in a parasitic capacitance and adverse effects on circuit

speed due to the increase can be suppressed.

(Third Embodiment)

Hereafter, a semiconductor device according to a third embodiment of the present
invention will be described with reference to the accompanying drawings. In contrast with
the first embodiment in which a single sidewall type MISFET is described, a double
sidewall type MISFET (see H. Sayama et al., IEDM Tech. Dig., 2000, p. 239) in which an
overlapping amount between a gate electrode and an extension region can be optimized in
a simple manner will be described in the third embodiment. In this embodiment,
description will be made using an n-type MISFET as an example. However, even when
the present invention is applied to a p-type MISFET, the same effects as those of this
embodiment can be achieved.

FIG. 5 is a cross-sectional view illustrating a structure of a semiconductor device
according to the third embodiment. As shown in FIG. 5, a gate electrode 5 is formed on an
active region of a p-type well 2 surrounded by a STI 3. The p-type well 2 is formed in a
substrate 1 made of, for example, silicon. The gate electrode 5 is formed on the active
region with a high dielectric constant gate insulating film 4E interposed therebetween. An
insulating sidewall 7 is formed on each side surface of the gate electrode 5 with an offset

sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of
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parts of the p-type well 2 located under the offset sidewall 6 and the sidewall 7.
Furthermore, a p-type pocket region 11 is formed in part of the p-type well 2 located under
the n-type extension region 10. N-type source/drain regions 12 are formed so that each of
the source/drain is provided in part of the p-type well 2 located in the external side to the n-
type extension region 10 and the p-type pocket region 11 when viewed from the gate
electrode 5.

It is a first feature that the high dielectric constant gate insulating film 4E is kept
remaining not only under the gate electrode 5 and but also under each of the offset sidewall
6 and the sidewall 7. That is, the high dielectric constant gate insulating film 4E is
continuously formed so as to extend from under the gate electrode S to under the sidewall
7.

It is a second feature of this embodiment that the thickness of the part of the high
dielectric constant gate insulating film 4E located under the offset sidewall 6 is smaller
than a thickness of the part of the high dielectric constant film 4E located under the gate
electrode 5 and the thickness of the high dielectric constant gate insulating film 4E located
under the sidewall 7 is smaller than the thickness of the part of the high dielectric constant
film 4E located under the offset sidewall 6. That is, the gate insulating film 4E is formed
so as to have a double convex shape.

According to this embodiment, the high dielectric constant gate insulating film 4E
is continuously formed so as to extend from under the gate electrode 5 to under the
sidewall 7. Thus, even when the offset sidewall 6 has a very small width (thickness), each
side end portion of the high dielectric constant gate insulating film 4E is not in contact
with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4E at
an end portion of the gate electrode 5 is maintained. Accordingly, reduction in the

dielectric constant and insulation property of the high dielectric constant gate insulating
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film 4E at the end portion of the gate electrode 5 can be suppressed, so that deterioration of
device characteristics of the MISFET and reduction in the reliability of the gate insulating
film can be prevented.

According to this embodiment, the existence of the high djelectﬁc constant gate
insulating film 4E under the offset sidewall 6 makes capacitive coupling between the gate
electrode 5 and the n-type extension region 10 stronger at the vicinity of the end portion of
the gate electrode 5. As a result, a high overlapping effect between a gate and a drain can
be achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device
characteristics and hot carrier reliability can be improved at the same time.

As in the first embodiment, in this embodiment, because of the existence of the
high dielectric constant gate insulating film 4E under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of the n-type source/drain
regions 12 is increased and, accordingly, a circuit speed is reduced. However, as has been
described, in this embodiment, the high dielectric constant gate insulating film 4E is
formed so that the thickness of the high dielectric constant gate insulating film 4E is
reduced in the part located under the offset sidewall 6 and then is further reduced in the
part located under the sidewall 7. Therefore, increase in a parasitic capacitance and
adverse effects on circuit speed due to the increase caﬁ be suppressed so that the parasitic
capacitance is a very low level.

As has been described, according to this embodiment, device/circuit characteristics
of an MISFET and the reliability of a gate insulating film, which are conventionally in the

trade-off relationship, can be largely improved at the same time.

(Modified Example of Third Embodiment)

Hereafter, a semiconductor device according to a modified example of a third
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embodiment of the present invention will be described with reference to the accompanying
drawings. FIG. 8 is a cross-sectional view illustrating a structure of a semiconductor
device (more specifically, a double sidewall type MISFET) according to the modified
example of the third embodiment.

As shown in FIG. 8, this modified example is different from the first embodiment
in that part of a high dielectric constant gate insulating film 4E located under each side end
portion of a sidewall 7, i.e., a side portion of the high dielectric constant gate insulating
film 4E is removed in a notch shape, so that a notch 20 is provided.

According to this modified example, adverse effects on circuit speed due to
increase in a capacitance between a gate electrode 5 and each of n-type source/drain

regions 12 can be further suppressed.

(Fourth Embodiment)

Hereafter, a semiconductor device according to a fourth embodiment of the present
invention will be described with reference to the accompanying drawings. FIG. 9 is a
cross-sectional view illustrating a structure of a semiconductor device (more specifically, a
single sidewall type MISFET) according to the fourth embodiment of the present
invention. In this embodiment description will be made using an n-type MISFET as an
example. However, even when the present invention is applied to a p-type MISFET, the
same effects as those of this embodiment can be achieved.

As shown in FIG. 9, this embodiment is different from the first embodiment in that,
for example, a silicon oxide film, a silicon oxynitride film or the like is provided as a
buffer insulating film 25 between a substrate 1 and a high dielectric constant gate
insulating film 4A.

According to this embodiment, in addition to the effects of the first embodiment, an
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interface between a substrate and a gate insulating film can be advantageously kept in a
normal state. Specifically, by forming the high dielectric constant gate insulating film 4A
on the substrate 1 with the buffer insulating film 25 interposed therebetween, deterioration
of an interface between a substrate and a gate insulating film can be suppressed, compared
to the case where the high dielectric constant gate insulating film 4A is formed directly on
the substrate 1.

In this embodiment, the buffer insulating film 25 is provided between the high
dielectric constant gate insulating film 4A of the first embodiment and the substrate 1.
However, instead of this structure, even if the buffer insulating film 25 is provided between
the substrate 1 and the high dielectric constant gate insulating film 4B of the second
embodiment, the high dielectric constant gate insulating film 4C of the second modified
example of the second embodiment, the high dielectric constant gate insulating film 4D of
the third modified example of the second embodiment or the high dielectric constant gate
insulating film 4E of the third embodiment, the same effects as those of this embodiment
can be achieved. Moreover, instead of providing the buffer insulating film 25 between the
substrate 1 and the high dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4E, a
buffer insulating film may be provided between the gate electrode 5 and the high dielectric
constant gate insulating film 4A, 4B, 4C, 4D or 4E. With such a structure, compared to
the case where the gate electrode S is directly formed on the high dielectric constant gate
insulating film 4A, 4B, 4C, 4D or 4E, deterioration of an interface between a gate
electrode and a gate insulating film can be prevented. As another alternative, a buffer
insulating film may be formed between the gate electrode S and the high dielectric constant
gate insulating film 4A, 4B, 4C, 4D or 4E as well as forming the buffer insulating film 25
between the substrate 1 and the high dielectric constant gate insulating film 4A, 4B, 4C,

4D or 4E. With such a structure, deterioration of each of the substrate-gate insulating film
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interface and the gate insulating film-gate electrode interface can be prevented at the same
time.

(Modified Example of Fourth Embodiment)

Hereafter, a semiconductor device according to a modified example of the fourth
embodiment of the present invention will be described with reference to the accompanying
drawings. FIG. 10 is a cross-sectional view illustrating a structure of a semiconductor
device (more specifically, a single sidewall type MISFET) according to the modified
example of the fourth embodiment.

As shown in FIG. 10, this modified example is different from the fourth
embodiment in that part of a laminated insulating film of a high dielectric constant gate
insulating film 4A and a buffer insulating film 25 located under a side end portion of each
sidewall 7, i.e., a side end portion of the laminated insulating film is removed in a notch
shape, so that a notch 20 is provided.

According to this modified example, adverse effects on circuit speed due to
increase in a capacitance between a gate electrode 5 and each of n-type source/drain.
regions 12 can be further suppressed.

In this modified example, the notch 20 is provided in the side end portion of the
laminated insulating film of the high dielectric constant gate insulating film 4A and the
buffer insulating film 25 of the first embodiment. However, instead of this structure, even
if a notch is provided in a side end portion of a laminated insulating film of the buffer
insulating film 25 and the high dielectric constant gate insulating film 4B of the second
embodiment, the high dielectric constant gate insulating film 4C of the second modified
example of the second embodiment, the high dielectric constant gate insulating film 4D of
the third modified example of the second embodiment or the high dielectric constant gate

insulating film 4E of the third embodiment, the same effects of the modified example can
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be achieved. In such cases, a buffer insulating film may be provided between the gate
electrode 5 and the high dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4D as
well as forming the buffer insulating film 25 between the substrate 1 and the high dielectric

constant gate insulating film 4A, 4B, 4C, 4D or 4D.

(Fifth Embodiment)

Hereafter, a method for fabricating a semiconductor device according to a fifth
embodiment of the present invention will be described with reference to the accompanying
drawings. In this embodiment, description will be made using a method for fabricating an
n-type MISFET as an example. FIGS. 11A through 11F are cross-sectional views
illustrating respective steps for fabricating a semiconductor device according to the fifth
embodiment.

First, as shown in FIG. 11A, a STI 3 which is to be an isolation region is selectively
formed on a substrate 1 of, for example, silicon and then, for example, B (boron) is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 %102 ecm™.  Thus, a p-type well 2 which is to be an active region is formed.
Subsequently, ion implantation (of B at an implantation energy of 150 keV and a dose of
1 x 10" cm™) for punch-through stopper formation and jon implantation (of B at an
implantation energy of 20 keV and a dose of 5 x 10'> cm™) for channel formation are
performed.

Next, as shown in FIG. 11B, as a buffer insulating film, for example, a silicon
oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by
the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant
film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e.,

about 1 nm in terms of an equivalent oxide thickness).
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Next, as shown in FIG. 11C, for example, a gate electrode material film 5A is
formed on the high dielectric constant gate insulating film 4 so as to have a thickness of
about 100 nm.

Next, a resist pattern (not shown) is formed on the gate electrode material film 5A
so as to cover a gate electrode formation region, and then the gate electrode material film
5A is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 11D, a
gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 4
located in the external side to the gate electrode 5 is removed by a thickness of about 2 nm
by selective etching. Thus, a thickness of part of the high dielectric constant gate
insulating film 4 located in the external side to the gate electrode 5 can be reduced so that a
remaining thickness of the part of the high dielectric constant gate insulating film 4
becomes about 2 nm. Subsequently, using the gate electrode 5 as a mask, for example, As
(arsenic) is ion implanted into the substrate 1 at an implantation energy of 2 keV and a
dose of 1 x 10" cm %, thereby forming an n-type extension region 10. Thereafter, using
the gate electrode S as a mask, for example, B is ion implanted into the substrate 1 at an
implantation energy of 10 keV and a dose of 3 x 10" ¢m 2, thereby forming a p-type
pocket region 11. In this case, the n-type extension region 10 may be formed after forming
the p-type pocket region 11.

Next, an insulating film is deposited over the substrate 1 to a thickness of about
50 nm, and then the insulating film is etched back to form, as shown in FIG. 11E, an
insulating sidewall 7 on each side surface of the gate electrode 5.

Next, using the gate electrode 5 and the sidewall 7 as a mask, for example, As is
ion implanted into the substrate 1 at an implantation energy of 10 keV and a dose of
5 x 10" cm™, and then, for example, spike RTA (rapid thermal annealing) is performed at

a temperature of about 1050 °C, thereby activating the implanted impurity. Thus, as
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shown in FIG. 11F, n-type source/drain regions 12 are formed.

According to the above-described fabrication method of this embodiment, the
MISFET structure (see FIG. 1) of the first embodiment can be realized in a relatively
simple manner.

Meanwhile, the high dielectric constant gate insulating film 4 contains heavy metal
and thus Rp (projection range) of implanted ions passing through the high dielectric
constant gate insulating film 4 tends to be small. Therefore, in the process step of FIG.
11D, if without reducing the thickness of the high dielectric constant gate insulating film 4,
ion implantation is performed to the substrate 1 covered with the high dielectric constant
gate insulating film 4 in the external side to the gate electrode 5 to form the n-type
extension region 10 or the p-type pocket region 11, an acceleration energy has to be
increased. However, in this embodiment, the part of the high dielectric constant gate
insulating film 4 located in the external side to the gate electrode 5 has a reduced thickness,
so that increase in acceleration energy can be suppressed. Accordingly, a shallow junction
can be formed in the n-type extension region 10 in a simple manner and thus device
characteristics can be improved in a simple manner.

In this embodiment, after the sidewall 7 has been formed, for example, part of the
high dielectric constant gate insulating film 4 located in the external side to the sidewall 7
may be removed by wet etching using hydrofluoric acid or the like or selective dry etching.
In such a case, when wet etching is used, part of the high dielectric constant gate insulating
film 4 located under each side end portion of the sidewall 7, i.e., a side end portion of the
high dielectric constant gate insulating film 4 may be removed in a notch shape, so that a
notch is formed. Thus, the MISFET structure (see FIG. 6) of the modified example of the
first embodiment can be realized in a simple manner.

In this embodiment, a target thickness for reduction in the thickness of the part of
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the high dielectric constant gate insulating film 4 located in the external side to the gate
electrode 5 is not particularly limited. However, for example, when an HfSiON film is
used as the high dielectric constant gate insulating film 4, to suppress increase in a
capacitance between a gate and a grain, the thickness of part of the high dielectric constant
gate insulating film 4 located in the external side to the gate electrode 5 is preferably

reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed).

(Sixth Embodiment)

Hereafter, a method for fabricating a semiconductor device according to a sixth
embodiment of the present invention will be described with reference to the accompanying
drawings. In this embodiment, description will be made using a method for fabricating an
n-type MISFET as an example. FIGS. 12A through 12G are cross-sectional views
illustrating respective steps for fabricating a semiconductor device according to the sixth
embodiment.

First, as shown in FIG. 12A, a STI 3 which is té be an isolation region is selectively
formed on a substrate 1 of, for example, silicon and then, for example, B is ion implanted
into the substrate 1 at an implantation energy of 300 keV and a dose of 1 x 10" cm™.
Thus, a p-type well 2 which is to be an active region is formed. Subsequently, ion
implantation (of B at an implantation energy of 150 keV and a dose of 1 x 10" ecm™) for
punch-through stopper formation and ion implantation (of B at an implantation energy of
20 keV and a dose of 5 x 10'2 cm™) for channel formation are performed.

Next, as shown in FIG. 12B, as a buffer insulating film, for example, a silicon
oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by
the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant

film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e.,
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about 1 nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 12C, for example, a gate electrode material film 5A is
formed on the high dielectric constant gate insulating film 4 so as to have a thickness of
about 100 nm.

Next, a resist pattern (not shown) is formed on the gate electrode material film 5A
so as to cover a gate electrode formation region, and then the gate electrode material film
5A is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 12D, a
gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 4
located in the external side to the gate electrode 5 is removed by a thickness of about 2 nm
by selective etching. Thus, a thickness of the part of the high dielectric constant gate
insulating film 4 located in the external side to the gate electrode 5 can be reduced so that a
remaining thickness of the part of the high dielectric constant gate insulating film 4
becomes about 2 nm.

Next, an insulating film is deposited over the substrate 1 to a thickness of about
10 nm, and then the insulating film is etched back to form, as shown in FIG. 12E, an
insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6 is removed by wet etching using, for example, hydrofluoric acid or selective dry
etching. Subsequently, using the gate electrode S and the offset sidewall 6 as a mask, for
example, As is ion implanted into the substrate 1 at an implantation energy of 2 keV and a
dose of 1 x 10" em™, thereby forming an n-type extension region 16. Thereafter, using

the gate electrode 5 and the offset sidewall 6 as a mask, for example, B is ion implanted

-2

>

into the substrate 1 at an implantation energy of 10 keV and a dose of 3 x 10" ecm
thereby forming a p-type pocket region 11.

Next, an insulating film is deposited over the substrate 1 to a thickness of about
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50 nm, and then the insulating film is etched back to form, as shown in FIG. 12F, an
insulating sidewall 7 on each side surface of the gate electrode 5 with the offset sidewall 6
interposed therebetween.

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask,
for example, As is ion implanted into the substrate 1 at an implantation energy of 10 keV
and a dose of 5 x 10'® em™, and then, for example, spike RTA (rapid thermal annealing) is
performed at a temperature of about 1050 °C, thereby activating the implanted impurity.
Thus, as shown in FIG. 12G, n-type source/drain regions 12 are formed.

According to the above-described fabrication method of this embodiment, the
MISFET structure (see FIG. 2) of the second embodiment can be realized in a relatively
simple manner.

In this embodiment, after the offset sidewall 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6
is removed , for example, by wet etching using hydrofluoric acid or the like. When this
wet etching is performed, part of the high dielectric constant gate insulating film 4 located
under each side end portion of the offset sidewall 6, i.e., a side end portion of the high
dielectric constant gate insulating film 4 may be removed in a notch shape, so that a notch
is formed. Thus, the MISFET structure (see FIG. 7) of the first modified example of the
second embodiment can be realized in a simple manner.

In this embodiment, a target thickness for reduction in the thickness of the part of
the high dielectric constant gate insulating film 4 located in the external side to the gate
electrode 5 is not particularly limited. However, for example, when an HfSiON film is
used as the high dielectric constant gate insulating film 4, to suppress increase in a
capacitance between a gate and a grain, the thickness of part of the high dielectric constant

gate insulating film 4 located in the external side to the gate electrode 5 is preferably
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reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed).

In this embodiment, after the offset sidewall 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6
is removed, and then ion implantation for forming the n-type extension region 10 and the
p-type pocket region 11 is performed. However, instead of performing these process steps,
ion implantation for forming the n-type extension region 10 and the p-type pocket region
11 may be performed after the offset sidewall 6 is formed and with part of the high
dielectric constant gate insulating film 4 having a reduced thickness remaining in the
external side to the offset sidewall 6. Even in this manner, according to this embodiment,
the part of the high dielectric constant gate insulating film 4 located in the external side to
the offset sidewall 6 has a reduced thickness, so that increase in acceleration energy can be
suppressed. Accordingly, a shallow junction can be formed in the n-type extension region
10 in a simple manner and thus device characteristics can be improved in a simple manner.
In this case, ion implantation for forming an extension region and a pocket region of an
MISFET having a different channel type or another power supply system and being
provided on the same substrate may be performed after ion implantation for forming the n-
type extension region 10 and the p-type pocket region 11 and then removal of the part of
the high dielectric constant gate insulating film 4 located in the external side to the offset

sidewall 6. -

(Seventh Embodiment)

Hereafter, a method for fabricating a semiconductor device according to a seventh
embodiment of the present invention will be described with reference to the accompanying
drawings. FIGS. 13A through 13G are cross-sectional views illustrating respective steps

for fabricating a semiconductor device according to the seventh embodiment.
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First, as shown in FIG. 13A, a STI 3 which is to be an isolation region is
selectively formed on a substrate 1 of, for example, silicon and then, for example, B is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 x102%cm™.  Thus, a p-type well 2 which is to be an active region is formed.
Subsequently, ion implantation (of B at an implantation energy of 150 keV and a dose of
1 x 10" ecm™) for punch-through stopper formation and ion implantation (of B at an
implantation energy of 20 keV and a dose of 5 x 10'? cm™) for channel formation are
performed.

Next, as shown in FIG. 13B, as a buffer insulating film, for example, a silicon
oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by
the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant
film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e.,
about 1 nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 13C, for example, a gate electrode material film 5A is
formed on the high dielectric constant gate insulating film 4 so as to have a thickness of
about 100 nm.

Next, a resist pattern (not shown) is formed on the gate electrode material film SA
so as to cover a gate electrode formation region, and then the gate electrode material film
5A is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 13D, a
gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 4
located in the external side to the gate electrode 5 is removed by a thickness of about 2 nm
by selective etching. Thus, a thickness of part of the high dielectric constant gate
insulating film 4 located in the external side to the gate electrode 5 can be reduced so that a
remaining thickness of the part of the high dielectric constant gate insulating film 4

becomes about 2 nm.
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Next, an insulating film is deposited over the substrate 1 to a thickness of about
5 nm, and then the insulating film is etched back to form, as shown in FIG. 13E, an
insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 which is not covered by the gate
electrode 5 and the offset sidewall 6 is further removed by about 1 nm. Thus, the thickness
of part of the high dielectric gate insulating film 4 located in the external side to the offset
sidewall 6 can be reduced to a thickness of about 1 nm. Then, using the gate electrode 5§
and the offset sidewall 6 as a mask, for example, As is ion implanted into the substrate 1 at
an implantation energy of 2 keV and a dose of 1 x10" cm™, thereby forming an extension
region 10. Thereafter, using the gate electrode 5 and the offset sidewall 6 as a mask, for
example, B is ion implanted into the substrate 1 at an implantation energy of 10 keV and a
dose of 3 x 10" cm™, thereby forming a p-type pocket region 11.

Next, an insulating film is deposited over the substrate 1 to a thickness of about
50 nm, and then the insulating film is etched back to form, as shown in FIG. 13F, an
insulating sidewall 7 on each side surface of the gate electrode 5 with the offset sidewall 6
interposed therebetween.

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask,
for example, As is ion implanted into the substrate 1 at an implantation energy of 10 keV
and a dose of 5 x 10'* cm™, and then, for example, spike RTA (rapid thermal annealing) is
performed at a temperature of about 1050 °C, thereby activating the implanted impurity.
Thus, as shown in FIG. 13G, n-type source/drain regions 12 are formed.

According to the above-described fabrication method of this embodiment, the
MISFET structure (see FIG. 5) of the third embodiment can be realized in a relatively
simple manner.

In this embodiment, the high dielectric constant gate insulating film 4E is formed
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so that the thickness of the high dielectric constant gate insulating film 4E is reduced in the
part located under the offset sidewall 6 and then is further reduced in the part located in the
external side to the offset sidewall 6. Therefore, even when ion implantation for forming
the n-type extension region 10 is performed using the gate electrode 5 and the offset
sidewall 6 as a mask, increase in acceleration energy can be suppressed at a minimum
level. Accordingly, a shallow junction can be formed at an even shallower depth in the n-
type extension region 10 in a simple manner and thus device characteristics can be
improved in a simple manner.

In this embodiment, after the sidewall 7 has been formed, the part of the high
dielectric constant gate insulating film 4 located in the external side to the sidewall 7 may
be removed, for example, by wet etching using hydrofluoric acid or the like or selective
dry etching. Moreover, in such a case, part of the high dielectric constant gate insulating
film 4 located under each side end portion of the sidewall 7, i.e., each side end portion of
the high dielectric constant gate insulating film 4 may be removed in a notch shape. Thus,
the MISFET structure (see FIG. 8B) of the modified embodiment of the third embodiment
can be realized in a simple manner.

In this embodiment, a target thickness for reduction in the thickness of the part of
the high dielectric constant gate insulating film 4 located in the external side to the gate
electrode 5 is not particularly limited either under the offset sidewall 6 or under the
sidewall 7. However, for example, when an HfSiON film is used as the high dielectric
constant gate insulating film 4, to suppress increase in a capacitance between a gate and a
grain, the thickness of part of the high dielectric constant gate insulating film 4 located in

the external side to the gate electrode S is preferably reduced to about 2 nm or less.

(Eighth Embodiment)
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Hereafter, a method for fabricating a semiconductor device according to an eighth
embodiment of the present invention will be described with reference to the accompanying
drawings. In this embodiment, description will be made using a method for fabricating an
n-type MISFET as an example. FIGS. 14A through 14G and FIGS. 15A through 15D are
cross-sectional views illustrating respective steps for fabricating a semiconductor device
according to the eighth embodiment.

First, as shown in FIG. 14A, for example, a STI 3 which is to be an isolation region
is selectively formed on a substrate 1 of, for example, silicon and then, for example, B is
ion implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 <10 cm™. Thus, a p-type well 2 which is to be an active region is formed.
Subsequently, ion implantation (of B at an implantation energy of 150 keV and a dose of
1 x 10" ¢cm™) for punch-through stopper formation and ion implantation (of B at an
implantation energy of 20 keV and a dose of 5 x 10'> cm™) for channel formation are
performed.

Next, as shown in FIG. 14B, as a buffer insulating film, for example, a silicon
oxide film (not shown) is formed on the active region of the p-type well 2 surrounded by
the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant
film 4, for example, a HfSiON film is deposited thereon to a thickness of about 4 nm (i.e.,
about 1 nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 14C, as a gate electrode material film SA, for example, a
polysilicon film is formed on the high dielectric constant gate insulating film 4 so as to
have a thickness of about 100 nm, and then as a cover film (protective film) 15, for
example, a silicon oxide film is deposited over the gate electrodé material film SA to a
thickness of about 10 nm.

Next, a resist pattern (not shown) is formed on the cover film 15 so as to cover a
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gate electrode formation region, and then the cover film 15 and the gate electrode material
film 5A are etched in this order using the resist pattern as a mask, thereby forming, as
shown in FIG. 14D, a gate electrode 5 with its upper surface covered by the cover film 15.
Thereafter, part of the high dielectric constant gate insulating film 4 located in the external
side to the gate electrode 5 is removed by a thickness of about 2 nm by selective etching.
Thus, a thickness of part of the high dielectric constant gate insulating film 4 located in the
external side to the gate electrode 5 can be reduced so that a remaining thickness of the
part of the high dielectric constant gate insulating film 4 becomes about 2 nm.

Next, an insulating film is deposited over the substrate 1 to a thickness of about
10 nm, and then the insulating film is etched back to form, as shown in FIG. 14E, an
insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6 is removed, for example, by wet etching using hydrofluoric acid or the like or
selective dry etching. Subsequently, using the gate electrode 5 and the offset sidewall 6 as
a mask, for example, As is ion implanted into the substrate 1 at an implantation energy of
2keV and a dose of 1 x 10" cm™, thereby forming an n-type extension region 10.
Thereafter, using the gate electrode 5 and the offset sidewall 6 as a mask, for example, B is
ion implanted into the substrate 1 at an implantation energy of 10 keV and a dose of
3 x 10" em 72, thereby forming a p-type pocket region 11.

Next, an insulating film (for example, a SiN film) is deposited over the substrate 1
to a thickness of about 50 nm, and then the insulating film is etched back to form, as shown
in FIG. 14F, an insulating sidewall 7 on each side surface of the gate electrode 5 with the
offset sidewall 6 interposed therebetween.

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask,

for example, As is ion implanted into the substrate 1 at an implantation energy of 10 keV
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and a dose of 5 x 10! em™, and then, for example, spike RTA (rapid thermal annealing) is
performed at a temperature of about 1050 °C, thereby activating the implanted impurity.
Thus, as shown in FIG. 14G, n-type source/drain regions 12 are formed.

Next, a metal film (for example, a Ni film) is deposited over the substrate 1 to a
thickness of about 10 nm, and RTA is performed to bring a silicon portion of the substrate
1 and the metal ﬁlm into reaction. Thus, as shown in FIG. 15A, a silicide layer 13 is
formed on the n-type source/drain regions 12. Thereafter, unreacted part of the metal film
which remains on the substrate 1 is exfoliated or removed.

Next, as shown in FIG. 15B, an interlayer insulating film 14 is deposited over the
substrate 1 as well as the gate electrode 5 to a thickness of about 400 nm.

Next, as shown in FIG. 15C, the interlayer insulating film 14 is polished, for
example, by CMP (chemical mechanical polishing) so that a surface of the interlayer
insulating film 14 becomes at the same level as the upper surface of the cover film 15, and
then the exposed cover film 15 is removed by etching. In this case, respective upper
portions of the interlevel insulating film 14 which has undergone through CMP and the
offset sidewall 6 are also removed.

Next, a metal film (for example, a Ni film) is deposited over the substrate 1 to a
thickness of about 100 nm, and then RTA is performed to bring a silicon portion of the
gate electrode 5 and the metal film into reaction. Thus, as shown in FIG. 15D, a fully
silicided gate electrode 16 (obtained by siliciding the entire region over the high dielectric
constant gate insulating film 4) is formed.

According to the above-described fabrication method of this embodiment, the
MISFET structure (see FIG. 2) of the second embodiment using a FUSI (full silicide)
structure can be realized in a relatively simple manner.

In this embodiment, when the offset sidewall 6 has been formed and then part of
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the high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6 is removed, for example, by wet etching using hydrofluoric acid or the like, part
of the high dielectric constant gate insulating film 4 located under each side end portion of
the offset sidewall 6, i.e., each side portion of the high dielectric constant gate insulating
film 4 may be removed in a notch shape so that a notch is provided. Thus, the MISFET
structure (see FIG. 7) of the first modified example of the second embodiment using a
FUSI structure can be realized in a simple manner.

In this embodiment, a target thickness for reduction in the thickness of the part of
the high dielectric constant gate insulating film 4 located in the external side to the gate
electrode 5 is not particularly limited. However, for example, when an HfSiON film is
used as the high dielectric constant gate insulating film 4, to suppress increase in a
capacitance between a gate and a grain, the thickness of part of the high dielectric constant
gate insulating film 4 located in the external side to the gate electrode 5 is preferably
reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed).

In this embodiment, after the offset sidewall 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6
is rémoved, and then ion implantation for forming the n-type extension region 10 and the
p-type pocket region 11 is performed. However, instead of performing these process steps,
ion implantation for forming the n-type extension region 10 and the p-type pocket region
11 may be performed after the offset sidewall 6 is formed and with part of the high
dielectric constant gate insulating film 4 having a reduced thickness remaining in the outer
side offset sidewall 6. Even in this manner, according to this embodiment, the part of the
high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6 has a reduced thickness, so that increase in acceleration energy can be

suppressed. Accordingly, a shallow junction can be formed in the n-type extension region
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10 in a simple manner and thus device characteristics can be improved in a simple manner.
In this case, ion implantation for forming an extension region and a pocket region of an
MISFET having a different channel type or another power supply system and formed on
the same substrate may be performed after ion implantation for forming the n-type
extension region 10 and the p-type pocket region 11 and then removal of the part of the
high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6.

In this embodiment, the MISFET structure of the second embodiment using a FUSI
structure has been formed. However, instead of forming the MISFET structure of the
second embodiment, the MISFET structure of the first embodiment, the modified example
of the first embodiment, each of the modified examples of the second embodiment, the
third embodiment, the modified example of the third embodiment, the fourth embodiment
or the modified example of the fourth embodiment may be formed using a FUSI structure.

In each of the first through eighth embodiments, a single layer structure of a SiN
film has been used as an example of the sidewall 7. However, instead of the single layer
structure of a SiN film, for example, a double layer structure of a combination of an oxide
film (SiO; film) and a nitride film (SiN film) (for example, including a SiO, layer as an
lower layer and a SiN film as an upper layer), a triple layer structure (for example
including an SiO; film as a lower layer, a SiN film as a middle layer and a SiO; film as an
upper layer) or the like may be used.

In each of the first through eighth embodiments, instead of the n-type extension
region 10, a LDD may be formed.

In each of the fifth through eighth embodiments, instead of the n-type MISFET, a
p-type MISFET may be formed.

In each of the fifth through eighth embodiments, to prevent deterioration of the
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interface of a gate insulating film and a gate electrode, a buffer insulating film may be
formed between the gate electrode 5 and the high dielectric constant gate insulating film 4
so as to have a thickness of about 0.2 nm.

In each of the first through eighth embodiments, a shape of each side surface of the
high dielectric constant gate insulating film 4 in which the notch 20 is provided in the part
located under each side end portion of the sidewall 7 or the offset sidewall 6 is not limited
to a semicircular shape shown in FIG. 6, 7, 8 or 10. For example, each side surface of the
high dielectric constant gate insulating film 4 may be a perpendicular plane to the substrate
surface. That is, a side surface of the high dielectric constant gate insulating film 4 may be
located at a predetermined distance from a side end surface of the sidewall 7 or the offset

sidewall 6 toward the gate electrode 5.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a high dielectric constant gate insulating film formed on an active region in a
substrate;

a gate electrode formed on the high dielectric constant gate insulating film; and

an insulating sidewall formed on each side surface of the gate electrode,

Wherein the high dielectric constant gate insulating film is continuously formed so
as to extend from under the gate electrode to under the insulating sidewall, and

at least part of the high dielectric constant gate insulating film located under the
insulating sidewall has a smaller thickness than a thickness of part of the high dielectric

constant gate insulating film located under the gate electrode.

2. The semiconductor device of claim 1, wherein the insulating sidewall includes a
first insulating sidewall formed on a side surface of the gate electrode and a second
insulating sidewall formed on the side surface of the gate electrode with the first insulating
sidewall interposed therebetween,

the high dielectric constant gate insulating film is continuously formed so as to
extend from under the gate electrode to under the first insulating sidewall, and

part of the high dielectric constant gate insulating film located under the first
insulating sidewall has a smaller thickness than a thickness of part of the high dielectric

constant gate insulating film located under the gate electrode.

3. The semiconductor device of claim 2, wherein the high dielectric constant gate

insulating film is formed so as not to be located under the second insulating sidewall.
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4. The semiconductor device of claim 2, wherein the high dielectric constant gate
insulating film is continuously formed so as to extend to under the second insulating
sidewall, and

part of the high dielectric constant gate insulating film located under the second
insulating sidewall has the same thickness as a thickness of part of the high dielectric

constant gate insulating film located under the first insulating sidewall.

5. The semiconductor device of claim 2, wherein the high dielectric constant gate
insulating film is continuously formed so as to extend from under the gate electrode to
under the second insulating sidewall, and

part of the high dielectric constant gate insulating film located under the second
insulating sidewall has a smaller thickness than a thickness of part of the high dielectric

constant gate insulating film located under the first insulating sidewall.

6. The semiconductor device of claim 1, wherein the insulating sidewall includes a
first insulating sidewall formed on a side surface of the gate electrode and a second
insulating sidewall formed on the side surface of the gate electrode with the first insulating
sidewall interposed therebetween,

the high dielectric constant gate insulating film is continuously formed so as to
extend from under the gate electrode to under the second insulating sidewall,

part of the high dielectric constant gate insulating film located under the first
insulating sidewall has the same thickness as a thickness of part of the high dielectric
constant gate insulating film located under the gate electrode, and

part of the high dielectric constant gate insulating film located under the second

insulating sidewall has a smaller thickness than a thickness of part of the high dielectric
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constant gate insulating film located under the gate electrode.

7. The semiconductor device of claim 1, wherein the high dielectric constant gate

insulating film includes a notch at a side end portion.

8. The semiconductor device of claim 1, further comprising a buffer insulating film

between the substrate and the high dielectric constant gate insulating film.

9. The semiconductor device of claim 8, wherein the buffer insulating film is a

silicon oxide film or a silicon oxynitride film.

10. The semiconductor device of claim 1, wherein the gate electrode is a fully

silicided gate electrode of which an entire region has been silicided.

11. A method for fabricating a semiconductor device, the method comprising the
steps of:

a) forming a high dielectric constant gate insulating film on an active region of a
substrate;

b) forming a gate electrode on the high dielectric constant gate insulating film;

¢) etching, after the step b), part of the high dielectric constant gate insulating film
located in an external side to the gate electrode to reduce a thickness of the part; and

d) forming, after the step c), an insulating sidewall on a side surface of the gate

electrode.

12. The method of claim 11, further comprising, after the step d), the step of

removing part of the high dielectric constant gate insulating film located in an external side
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to the insulating sidewall.

13. The method of claim 11, wherein the insulating sidewall includes a first
insulating sidewall and a second insulating sidewall, and

the step d) includes the step d1) of forming the first insulating sidewall on a side
surface of the gate electrode and the step of d2) of forming the second insulating sidewall
on the side surface of the gate electrode with the first insulating sidewall interposed

therebetween.

14. The method of claim 13, further comprising, between the step d1) and the step
d2), the step of removing part of the high dielectric constant gate insulating film located in

the external side to the first insulating sidewall.

15. The method of claim 13, further comprising:

between d1) and the step d2), the step of etching part of the high dielectric gate
insulating film located in an external side to the first insulating sidewall to reduce a
thickness of the part; and

after the step d2), the step of removing part of the high dielectric constant gate

insulating film located in an external side to the second insulating sidewall.

16. The method of claim 12, wherein the high dielectric constant gate insulating

film is selectively removed by wet etching.

17. The method of claim 14, wherein the high dielectric constant gate insulating

film is selectively removed by wet etching.
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18. The method of claim 15, wherein the high dielectric constant gate insulating

film is selectively removed by wet etching.

19. The method of claim 11, wherein the step b) includes the step of forming a
protective film for covering an upper surface of the gate electrode, and

the method further includes, after the step d), the step of siliciding a surface of part
of the active region located in the external side to the insulating sidewall, removing the

protective film and then fully siliciding the gate electrode.
20. The method of claim 11, further comprising before the step a), the step of
forming a buffer insulating film on the active region,

wherein in the step a), the high dielectric constant gate insulating film is formed on

the active region with the buffer insulating film interposed therebetween.
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ABSTRACT OF THE DISCLOSURE

A semiconductor device includes: a high dielectric constant gate insulating film
formed on an active region in a substrate; a gate electrode formed on the high dielectric
constant gate insulating film; and an insulating sidewall formed on each side surface of the
gate electrode. The high dielectric constant gate insulating film is continuously formed so
as to extend from under the gate electrode to under the insulating sidewall. At least part of
the high dielectric constant gate insulating film located under the insulating sidewall has a
smaller thickness than a thickness of part of the high dielectric constant gate insulating film

located under the gate electrode.
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MEI Form -1.2. {Julv 1. 2005)
DoCKet No.

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION
& Original 0O Supplemental 0O Substitute O PCT O Design

As a below named inventor, | hereby declare that: my residence, post office address and citizenship are as stated below
next to my name; and | believe that | am the original, first and sole inventor (if only one name is listed below) or an original, first
and joint inventor (if plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on
the invention entitled:

Title:__SEMICONDUCTOR_DEVICE AND METHOD FOR FABRICATING THE SAME

which is described and claimed in (if the following box is not checked, the specification of which is attached hereto):
the attached specification, or

O the specification in the Application No. filed on ;
and with amendments filed on (if applicable), or

O the specification in International Application No. PCT/ ,
filed and as amended on (if applicable).

| hereby state that | have reviewed and understand the contents of the above-identified specification, including the claims,
as amended by any amendment(s) referred to above.

| acknowledge my duty to disclose to the U.S. Patent and Trademark Office all information known to me to be material to
patentability as defined in Title 37, Code of Federal Regulations, §1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, §119 (a-d), §172, or §365(b) of any foreign
application(s) for patent or inventor's certificate, or §365(a) of any PCT international application which designated at least one
country other than the United States of America, listed below, and have aiso identified below any foreign application for patent or
inventor's certificate, or of any PCT international application having a filing date before that of the application on which priority is
claimed:

COUNTRY APPLICATION NO. DATE OF FILING PRIORITY

CLAIMED
JAPAN 2005-227457 August 5, 2005 Yes

o Additional foreign or international application numbers are listed on a supplemental priority sheet attached hereto.

| hereby claim the benefit under Title 35, United States Code §119(e) of any United States Provisional application(s)
listed below.

Number ) {(Day/Month/Year Filed)

—

— — e

o Additional U.S. provisional application numbers are listed on a supplemental priority sheet attached hereto.

-1-
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ME! Form 1.2, Lluly 1, 2005}

Docket No.

| hereby claim the benefit under Title 35, United States Code §120 of any United States application(s), or §365(C) of any
PCT international application designating the United States of America, listed below and, insofar as the subject matter of each of
the claims of this application is not disclosed in the prior United States or PCT international application in the manner provided by
the first paragraph of Title 35, United States Code §112, | acknowledge the duty to disclose information material to patentability as
defined in Title 37, Code of Federal Regulations, §1.56 which occurred between the filing date of the prior application and the
national or PCT international filing date of this application.

APPLICATION NO. U.S. FILING DATE STATUS: PATENTED, PENDING, ABANDONED

o Additional U.S. or international application numbers are listed on a supplemental priority sheet attached hereto.

POWER OF ATTORNEY: As a named inventor, | hereby appoint the attorneys and agents associated with U.S. Patent
and Trademark Office Customer Number identified bellow to prosecute this application and to transact all business in the U.S.
Patent and Trademark Office connected therewith, and direct that all correspondence be addressed to that customer number.

i hereby authorize the U.S. attorneys and agents associated with the customer number to accept and follow instructions
from Matsushita Electric Industrial Co., Lid., and any affiliated or subsidiary company thereof, received via their corporate
representatives and/or their foreign patent attorneys or agents, if any, as to any action to be taken in the U.S. Patent and
Trademark Office regarding this application without direct communication between the U.S.: attorneys or agents and myself.

Direct Correspondence to:

CUSTOMER NUMBER 53080

| further declare that all statemenis 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 issuing thereon.

Full Name of Sole or First FIRST NAME LAST NAME SIGNA DATE OF SIGNATURE
inventor Juniji HIRASE i
: Jogy)” ,/(,;e oy Il oo
Residence & Citizenship ciTY STATE OR COUNTRYV COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS ciTY STATE OR COUNTRY ZiP CODE

C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka  Japan 571-8501

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Second Inventor Akio SEBE /( AY R -
fio ke Mey. yy, 2224
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501
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MEI Form -1.2, (July 1, 2005)
JOCKEL INO.

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Third Inventor i . .
Naoki KOTANI oz Ao May , (| 2006
Residence & Citizenship cIy STATE OR COUNTRY COUNTRY OF CITIZENSHIP
' Hyogo Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka  Japan 571-8501

Fult Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Fourth Inventor Gen OKAZAKI 3 j '
6@44 DkﬁZﬁki May Il . 2006
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Hyogo Japan Japan
Post Office Address ADDRESS CiTYy STATE OR COUNTRY ZIP CODE

C/0 Matsushita Electric Industrial Co., Ltd., 1008, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE

Fifth Inventor Kazuhiko AIDA Apputitee A ido Aoy -/ 5o 2oob

Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Chiba Japan Japan

Post Office Address ADDRESS CiTY STATE OR COUNTRY ZIP CODE

C/O Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501

[ Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Sixth Inventor Shinji TAKEOKA Sl “ft Toalchdd Moy b So0b
Al
Residence & Citizenship CiTY STATE OR COUNTRY = COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

C/O Matsushita Electric Industrial Co., Ltd., 1008, Oaza Kadoma, Kadoma-shi, Osaka  Japan 571-8501

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Seventh inventor

Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

(If there are more than seven inventors, please add a copy of this page for identification and signature for the additional
inventors) ’

The above application may be more particularly identified as follows:

U.S. Application No. Filing Date
Applicant Reference Number __P42042-01 Attorney Docket No.
-3-
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Docket No.: 079195-0945 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

Junji HIRASE, et al. Confirmation Number: Not Yet Assigned
Application No.: Divisional of U.S. /

Serial No. 11/491,260 : Group Art Unit: Not Yet Assigned

Filed: July 20, 2009 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

PRELIMINARY AMENDMENT

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

Alexandria, VA 22313-1450

Sir:
Prior to examination of the above-referenced application, please amend the application as

follows:

Amendments to the Specification begin on page 2 of this paper.

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

Remarks/Arguments begin on page 6 of this paper.
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IN THE SPECIFICATION:

Please insert the following new paragraph after the Title and before the “BACKGROUND OF
THE INVENTION”’:
-- RELATED APPLICATIONS

This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July
24,2006, claiming priority of Japanese Patent Application No. 2005-227457, filed on August 5,

2005, the entire contents of each of which are incorporated by reference. --
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IN THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the application

Listing of Claims:

Claims 1-20 (Cancelled)

21. (New) A semiconductor device comprising:

a high dielectric constant gate insulating film formed on an active region in a substrate;
a gate electrode formed on the high dielectric constant gate insulating film;

a first insulating sidewall formed on each side surface of the gate electrode; and

a second insulating sidewall formed on said each side surface of the gate electrode with

the first insulating sidewall interposed therebetween,

wherein the high dielectric constant gate insulating film is continuously formed so as to

extend from under the gate electrode to under the first insulating sidewall, and

part of the high dielectric constant gate insulating film located under the first insulating
sidewall has a smaller thickness than a thickness of part of the high dielectric constant gate

insulating film located under the gate electrode.

22. (New) The semiconductor device of claim 21, further comprising a buffer insulating

film between the substrate and the high dielectric constant gate insulating film.

23. (New) The semiconductor device of claim 22, wherein the buffer insulating film is a

silicon oxide film.

Page 73 of 178



24. (New) The semiconductor device of claim 21, wherein the first insulating sidewall is

an offset sidewall.

25. (New) The semiconductor device of claim 21, wherein the high dielectric constant

gate insulating film is formed so as not to be located under the second insulating sidewall.

26. (New) The semiconductor device of claim 21, wherein the high dielectric constant

gate insulating film is formed of a Hf based oxide.

27. (New) The semiconductor device of claim 21, wherein the high dielectric constant

gate insulating film is formed of a HfSiON film.

28. (New) The semiconductor device of claim 21, wherein an extension region of a first
conductivity type is formed in each of parts of the active region located under the first insulating

sidewall and the second insulating sidewall, and

a pocket region of a second conductivity type is formed in part of the active region

located under the extension region.

29. (New) The semiconductor device of claim 28, wherein each of source/drain regions
of a first conductivity type is formed in part of the active region located in an external side to the

extension region and the pocket region when viewed from the gate electrode.

30. (New) The semiconductor device of claim 21, wherein the high dielectric constant

gate insulating film includes a notch at a side end portion.

31. (New) The semiconductor device of claim 21, wherein each side end portion of the

high dielectric constant gate insulating film has a thickness of 2 nm or less.
-4-
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32. (New) The semiconductor device of claim 21, wherein a side surface of the high
dielectric constant gate insulating film is located at a predetermined distance from a side end

surface of the first insulating sidewall toward the gate electrode.

33. (New) The semiconductor device of claim 21, wherein a side surface of the high
dielectric constant gate insulating film is located at a predetermined distance from a side end

surface of the gate electrode toward the first insulating sidewall.

34. (New) The semiconductor device of claim 21, wherein the second insulating sidewall

has a double layer structure including an oxide film and a nitride film.

35. (New) The semiconductor device of claim 21, wherein the second insulating sidewall

has a triple layer structure including a first oxide film, a nitride film and a second oxide film.

36. (New) The semiconductor device of claim 21, wherein a width of the high dielectric
constant gate insulating film along a gate length is larger than a width of the gate electrode along

the gate length.

37. (New) The semiconductor device of claim 21, wherein a width of a bottom surface of
the high dielectric constant gate insulating film along a gate length is larger than a width of a

bottom surface of the gate electrode along the gate length.
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REMARKS

The specification in the above-referenced application has been amended to incorporate
the continuity information. Additionally, the amendment cancels claims 1-20, without prejudice.

Claims 21-37 have been added and are pending for examination in this Divisional application.

No new matter has been introduced. Entry of this amendment is respectfully requested.

Respectfully submitted,

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

Phone: 202.756.8000 MEF:In

Facsimile: 202.756.8087

Date: July 20, 2009
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MCDERMOTT WILL & EMERY LLP
600 TH STREET, N e

WASHINGTON, DC 20005-3096
Date Mailed: 08/05/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Junji HIRASE, Osaka, JAPAN;
Akio Sebe, Osaka, JAPAN;
Naoki Kotani, Hyogo, JAPAN;
Gen Okazaki, Hyogo, JAPAN;
Kazuhiko Aida, Chiba, JAPAN;
Shinji Takeoka, Osaka, JAPAN;
Assignment For Published Patent Application
PANASONIC CORPORATION, Osaka, JAPAN
Power of Attorney: The patent practitioners associated with Customer Number 53080

Domestic Priority data as claimed by applicant
This application is a DIV of 11/491,260 07/24/2006 PAT 7,579,227

Foreign Applications
JAPAN 2005-227457 08/05/2005

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 07/30/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 12/505,799
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Projected Publication Date: 11/12/2009
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
Preliminary Class
438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www .stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3

Page 80 of 178



LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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WXFL Ty FNRy 22175 C H1 1 (e) ITRT LI, hEE 5 I LA
WOV A Ry x—N72EKT 5,

(0087]

RIS, F— NEM S MOV A R — NV TR<AZ 2 L THEMNLISHTL T, MIZITA s
EAALINE—10keV, R—ZXESEX10cmlOFRETAAEALE. H
ZIXF1050CHEDESETSPIKE RTA (rapid thermal annealing ) %17V,
FEARMY 2 AT 5, chicky, M1 1 (£) 1RT XD, nlly—=2 - RLA
UHIR 1 2R E NS,

(00 88)

PLEICEHA L 72 R E ot Aikic k5 &, 31 oFEjiiEoM 1 SF E THiE (
X 1B 2R RICERTLZ &8 TE 5,

[0089])

L AT, iR — MEBIE4AITELBE A TS 20, EifEES — Mg
4 R EETEIHFAATDOR D (Projection Range ) F/AhE L2031y, fE- T
11 (d) IRITITAECBWT, nBo 2503 g VHIRL O T pBIRYy o MR 1
1 2R B7=2012, 7F— FEM b OMIIICB O TEFERY — MNMiigiE4 o8 bh /-4
ML L TAF T EAT LIS, METAINVXF -2 KELTEHLERH S, LAL,
KREFEFRETIZY — MM 5 DM EGFERY — MERIE4 WHEE LI h Tnh5 720
T AN F —DE KT HIHITE LD T, nﬂiaxr/yazﬁﬁlokbwféw%
GERBITTERTE, ZHhICE Y FAA 285 oln L2 RT3,

[0090)

M. AREREZRBICBWT, 3 A R — V7 OFFREIS. A Rog—L 7 oAl
BT AEaAdERyr — MEgIE4 2. HIRIET7vEBEHAWWZY =2y by F 7 TR K
FGATF AT E>THRELTLEY, 2DEE, Ty hDyvF U TEHWLESIC
I, A Ko —v 7 ofligiBo THRCALE T 5 EapER Y — M4 o 38, 2% 9
EaAERY — MNEBIE 4 ol E J v FIRICHED W T ) v F 28T T kv, Tk
HICT B E. Bl OERPEBOEMOMI SFETHE (X65i) 2HEHICERT S
T ENTESL,

(0091)

F 7=, REWHFEEICB T, 7 — NEWS oM BT 25 ER Y — MNMEBIE4 o
BEALOFEEIIFHICIRES NS L O TIIR WS, HigERyY — MNgis4 L LT ZIFH
SiONEZHWLES. Y— - FLA Vo200 LRZHGTS =013, F'— b
B 5 DIMYDOEEFEER Y — Mg 4 25 2 n mFERE D MicHEiE bd 5 (HUZEM 1
DERMEMMBHLZVESID) e L W,

(009 2)

(3 6 O EREEEE)

PUF. RFRIHOH 6 OFRFEIEIC /25 FERAEE ol HikIc>n» T, nfIMI SFE
To#lEFEEME LT, MAZ2SELURMBOHHET S, M1 2 (a) ~ (g) ik #6
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DB %5 PEAREE oS H Lo S TRZRTKHEN TS 5.

(009 3)

F9. M2 (a) WrT kI, MRIETUarhrersdEME1ic, E70rHaR
725 STI 3%EERANCHRL 7218, EN1ISTL T, MIRIEBEZEATRNLF—30
OkeV, R—XE1X10Bcm2oEHTAA L EATS, Zhicky, HHHEIEE
BB PR 2 V2R ENS, AT, NUFANV—RA Ny NERHO A A 3 A (GE
AALAY : B, FAZRNALFXF—150keV, F—XE1X10Bcm ) KOF» 3L
RO A F > EA (EAAAY : B, FAZXLX—20keV, R—XEL5X 1012
cm™%) 75,

[(0094)]

Xz, 12 (b)) ipRdEdc, pAY 2L 2IcBIASTI 3ick-sTHENSWE
PEAEIR DRIz, Ny 77 —#EgiEe U TR A IEHE/EO0. b nmfEEoT U UEUiE (X
REM) BIEARL 721R. maFEFR S — MEgE4 & L THAITHEE4A n mFEEOHT S i
ONJE (ELIEHAEIEEIS 1 n mBEE) ZHFET 5,

(009 5]

iz, M1 2 (e) RTEHIC, EapdEERy — MigiE4 Ficflz2i3EE1 00 nm
MO — NEMATEHE B AZTZKT 5,

[0096)

X, 7 — NEMATEHES A Fic/ — NEMIEREREZE S LI A M F — 0 (BIRE
1) AR L7218, UKL IAMNRY -2 BT AT & L TH — NEMMEHES AlcitL T
TyFUTEITS-TC M1 2 (d) T &I, F— NEWRLS ZERT S, TOE. 7
— NEME 5 OAMINCALE T 5 EaFEER Y — MERIE4 2 BRI v F > 7ic k> THRE2
nmfEERETSE, Chicky., 7 — FERS OMIOEFER S — NG 4 2 FR{7E
JE2 nmfiEFEF THEHITLZ EMNTES,

(009 7]

Ric, HEM1 o FIcL@EICE - TIEE 1 O n miEE OMGEIE 2 HEFE L 7218, i
WL Ty F Ny 2 %21T-T, H1 2 (e) T EHic, 7F— hEMS ofljEict o
y M A R — N6 EFRT S, ZD1k. 78y A K —Ib6 oSllicfiE
TLEBERS — MEBE4 2. IS vBERH Y=y by F U7 XITERRNS
ALy F UL THET S, T, F—MNEMLOATA 7Yy N A R4 —I6
EAZ L LTEMIISTLT. fIZIFAsE2FALRILX —-2keV, F—XE1X1
OLecmI2DFHETAA L FEATEILICLY, nB 25203 g VL 02T
b, TDE, ¥F— NEMWL RO T72y YA R — 62 AZ & L THEMNLICITL
T, MIAEBZAFATREZNLX—10keV, R—XE3X10BcmIloFHFTAAHE
ATBZ ik, pEYyry MMERL 1 2K T 5,

(009 8)

Kic, A1 0 FIcAHEICE S TE/ES O n mEEOMEBIEEZ R L 7215, Yk
WL Ty F Ry 7 &2{T->T, X1 2 (£f) IR LD, F— bEMb ofijfict >
y b A R — 62N TEGEOYV A RO — N7 2EKRT 5.

[(0099])

xic, F—brEMmS, A7y M AR — N6 KTV A R — VTR L
THEH LWL T, MIZITAsSZ2FATRINLX—10keV, R—XES5X1015¢cm?
DEBETAFTHFALEE, MZIZ1050CHEOESETSPIKE RTAR{TU,
AN 25T 5, chicky, M1 2 (g) erdTEdic, nBly—=x- KA
IR L 2R E N B,

(0100])

PL RIS L 7= A SE i dilit Aic k5 &, B2 oEzEOM I SFE THiE (
X2 5i) 2R HRICER TS N TE 5,

(0101]

. REBZEICBNT, 7%y M A R xr—b 6 DfRKkic, £ 7%y AR
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74—V 6 DAMINCAY E T B SRy — MERIE4 2, IR vBEH W -7 =y b
Ty F ko THETBERIC, A7y M4 R — L6 ofllmgio Ml E$
LEREEERY — MNMERIE 4 038, 2% Y EFEE Y — MEBE4 oflimEtE: 2 v FIRIC
HOBWT ) v F 2T TR, 20XDIT D, F20EBEEOFE 1 ZRMloM
ISFETHE (75 ZHBICEBRTLIZLNTES,

[(0102)

¥ 7. REWEEBICBWT., ¥F— NEMRS oMIllcBU 2 RFERYy — MNEBE4 o
JEALOFEEIIFICIRESI NS b O TIIR WS, EiFER sy — b%@ﬁ4au1mK@Hf
SiONEZHWLES. Y— b FLAUBlogE2o L5251k, F'— b
%ﬁS@%@®%ﬁ%§V~F%@ﬁ4%ﬁf2nmﬁﬁUTk§§ﬂ?é(@L%ﬁl
DFREMPBHLZWEDID) Z e FELY,

(0103)

F/-, KEBPEBICBWT, 72y " A R xr— V6 2R LS. 782y M
A4 R 4 —)V 6 DAMINTAIE T 2 5FERY — MNEGIE4 2L, Tk, nflor =
FUT g VAL OO p IR, MMEIEL 1 2R T 220D TV FAET->72. L
ML, ZHIIRAT, A7y A R4 — V6 BEKRLIZE. Aoy YA Koy
—JV 6 OAMINTHIE(L L 7= EEFEER Y — Mg 4 2 R{F 372 REBTCn = 25
a1 OO pHIRYy v MR 1 1 2R T 27204 AV EAZRIToTH &y,
DEIICLTYH, KXEBETIZIA 72y b A R a—L 6 DAMINALE T 5 5iHEER
77— MR A 2SEIE LS N Tn 5720, T RNV — DK EHIHI TELDT, nil
T AFT g /ﬁtﬁ 10 5sj5t/"({§‘/#’%AE %‘«-ﬁ/f&f% ZFhic ks A Zfﬁ‘@
D EEHYRT s, F2, 0BG, nBHor 2522 g VIR O RO pHIEY v R
IR 1 2RI D004 F LV EAZT%. A7y b3 A R x—1 6 oI
METLEFERYS — MEHE4 28 L. Tok, [6l—#EHNR BT o F » 2L
MiFWoBEFEZDOMI SFETOZ Y A5 Y a YERBMORY v MEBEEZRT 2729
DAFEAEIT>TH L,

[(0104)

CME2ES HirSy)

PUT. RFHOE 7 oFwZEICARS FEAKE oG HEIC >0 T, nfl MISF
EToflERE2ME LT, MEE2SHEL2N6HHT S, 13 (a) ~ (g) 1% F
7 OEREFRBICIR S PEAEE oS oS T2 RTREXTH S,

[(0105)

FP. M13 (a) IapaT &, AT VUar»rssiiE1ic, FEF08R
LB STI 3ZHERANCHERRL 7218, ENM 1 I L T, MIZIEBEZEALZRXALF—30
OkeV, F—XHE1X10Bcm2OEHBTAAFATE, 2k, EHEHEIRE
L5 pHIY = V2R ENS, T, NUFAN—A N v NERBHOA A F A GGF
AAF B, FATLINALX—150keV, F—XE1X10Bcm2) MUF» 2L
RO A T EA (FAALAAY : B, FAZRXLFXF—20keV, R—XELX 1012
cm™) #1795,

(010686)]

KIZ, 13 (b)) xR T k5, pAY L 2IcBIASTI 3Ick->TCHENEE
AR D FIc, Ny 77 —#giEe L TMAIEEEO. 5 nmiEEos U U EbE (X
B EARL 2R, SaEEER S — MEgE4 & U THAISEE4 n mFEREOH T S i
ONE (AL EE13 1 n mFE) 2HET 5,

[(0107)

iz, 13 (e) T EIIT, EapEEy — M4 FicflzidEE100nm
HEOF — NENMEHE S AZFERT 5.

(010 8)

Ko, 7 — NEMARHE S A FICH — NEMEREBEZE D VYA MY — 2 (RS
B B L 7218, UKL IR MNRY -2 B AT & L TH — MENMEHES ATl T
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TyFUTEIT-T. M13 (d) WrT kI, ¥— MNEMWS ZERT S, TO%k. ¥
— MM 5 OAMINCHLE T 5 EaFEE S — M4 28RNy F o 7c k- THRE 2
nmfEERETSE, Chicky., 7 — B S oMIOEFERY — MEBIE4 2 R {75
JE2 nmfiEE THLITELIENTEL,

[(01009)

Kic, 1 o FIcSHEIICE S THEE 5 n miEE OMB IR HFE L 7%, YibEgiiic
STL Ty F Ry Z7%E1T->T, K13 (e) ITRT LD, F— MEM 5 oMz
DF 7y MY A R —IL6 2FRTS, DR, F'— NEMLNOF 72y MY A K
DA —IVBIC KD EINTORWLEFRERY — MEBIE4 2 X SIS 1 n mFEER:
T5, kY, 7y A R 3—I)L6 OIIcHE T 5 HimEER sy — MoglE
AREFHEl nmEEEF CHITAZILNTX S, 20, F— NEBWRLNUA Ty
M AR —6%2<A 2 LTHEMIITLT, MRXIFAsEFATRILE—2ke
V., RF=ZXB1X10Becmil2oFHTAA L EFEATEHILICLY, nHlz 25U
VHIRL 0 RTERT A, Fotk, F— NEML AU 7Yy A R 3 — V6 R R
CLTHEMIITL T, HIZIEBZFATRIALX—10keV, F—XE3X10llcm
LDOFRBETAAEATSHILICKY, pRERyy MEIKL 1 22K T 5.

[0110)

Ric, EM1 o FcemicE > TREJES O n miEEOMBEIELZ R L 718, MiiiEgE
IIT LTy F Ny 2 &2T->T, X1 3 () IRT &I, 7F— NEMS ofllEicA 7
Yy b A RO x—v6 2N L TGOV A RO — V7 2RT 5.

(0111)

iz, = EMS, A7y A RT3 — N6 KOV A R — VT2 2L
TERIISHTLT, MIZIFAsZFATRXNLNE—10keV, R—X8E5X10lcm-?
DEBETAAEFALE, MZIZ1050CHEOEETSPIKE RTA%R{TWL,
FEANY 2 EmEALT S, chick), 13 (g) 1IRT&DiC, nBly—=x- RLAg
VHEIRL 23R E RS,

[(0112)

DL RIS U 7= AR E g dilE Hikic kb . B3 0EMEEOMI SFE THE (
X 53 ZHIRHERICERT L W TE D,

(011 3)

¥ 72, KEBEREBIIBOLTUI, A7y b A R r— 6 FMITERELRY — Mg
A EDEES —HH#ES LH>F 7y YA R —)L 6 OMlloEidEmEyr — Mg
JEAEDHEIEAZ EHITHILTWS, 2o/, F— NEMS NOF T2y v YA Ry
— V6 ETAZELL T, nMT 72523 g ¥Rl O BFRT B0 A FEALIT
IBRCH, MECL XN T — DK EZ /N NRCHIBITE DT, nBTry X5 2 g U
1 0ICBVWTELITERWESEERICEARTE, Zhick 54 25 Eom EE2 MY %
Ty,

(0114)

M. ANEHEEEBICBWT, 31 R4 — L7 OFREIC. A Roa— 7 oA
B 5mEap@EEy — M4 2. iz viilrHvwEzy =y Ry F o 7 FWR R
FGATyF U TICE>THELTE RN, £/, TR, 34 R —IU 7higkD =ik
R — MEBIE4 > F 0 EFEES — MEgIE 4 oflhiiEky v FRICE Y R TH &
VW, TDXDICTBHE. F3OEGHEBOEFMOMI SFE THIE (N8B ZH
WCEBRTBLZZEMNTES,

[(0115)

F 7. REFEFEEICBWT, F— NEWR S OMMIIc B 2 EEER S — MNERE4 o
BALOFEEZ, A7y A R — 6D THICBWTOLY A Ruar— 70 FHIIC
BOTHHIIREE NS b TIER:, LML, BEFEERYyr — MgE4 & L Tl 2 1EH
fSiONEZHWLEE, ¥—h: FLAUVHoBRO FHZHHIT 2201213, ¥ —
M 5 DM DT EFEER Y — MgIE4 ZIEE 2 n mFEEE DI MICHEET 2 2 e 281 %
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Ly,

(01186)

(3 8 DEMEFZRE)

PIF. RRIHOH 8 oF MBI /RL FEAKLEE oflliGi HAIC DT, nfIMI SFE
ToflEFEzME LT, MEZBELRMBSEATS, X144 (a) ~ (g) MUH1
5 (a) ~ (d) 1% 3H 8 »EEHEBIC (%5 FBREE ol Hiko& T Z <R
THD,

[(0117)

FF. X14 (a) IRTEI2C. MRESUarrersE ;N E 1S, EFOMSR
25 STI 3ZEWRANICHRL 2%, ERK 11T L T, MIZIEBZFEATRALF—30
OkeV, R—=XB1X10Bcm2OFHTAA L EATS, Zhicky, HHEHEIRE
AHPpHY 2 V2R END, T, NYFRANL—ZA KNy NERHAOA A A (G
ALY : B, FATZRNVX—150keV, F—XE1X10Bcm ) KUF ¥V
RO A F > EA CEAAALTY : B, FATLRXNLFXF—-20keV, R—XES5X 1012
cm?) #1795,

(011 8]

Kic, H14 (b)) lapd Eaic, pRAY=2L21CBIASTI Sick->THENSE
MR Fic, Ny 77 —HMgEe L THXITIEEO0. 5 nmfEEoT U VEEIE (M
NEM) BIEARL 721R. mapEFE S — MEgE4 & L THAISHEE4A n mFEREOHT S i
ONJE (B LIEHEIEEIE 1 n mBEE) ZHET 5,

[(0119)

Xic, 114 (e) WRT IS, FapERy — MEgE4 Ficy — NENATEHE S A
CLTHAITEELI OO n miEDRY Y a EE R L 721k, 7 — NEMATEHES A
DFLITHN—E (REE) 152 L THMAITIEEL O nmiEEoY U a U gtE42 HifE T
5,

(0120])

Kz, HN—JE1 5 Ficy — NEMIERFIBEEZE Y LY A ME - (BIREK) %2
RL7=tE. YLV IARRE - BRI E L TAHNR—JEL 5 KO — NEMATEHES A
WL TER =y F 2 P17 TC, 14 (d) iR &5, AN—jE1 5icky kA
WEbNW — NEMD 2R T 5, Tok. ¥ — NEMS OMINCHE T 5 EiFEERYS
— MERE4 2 BNy F o 2710k > TEE2 n mBEERET S, Zhickh, »F—b
Ehl 5 DU DOEEFE RS — Mg 4 2 RFEE2 n mBEEE THI T2 2R TES

(0121]

RIS, EA1 o FICAHEIICE - TEE 1 O n miEEE MG IR 2 HEFE L 7218, WMEiaigs
LTy FANy 71T TC X144 (e) IRT LDIC, ¥— MM b ofiiEicA >
ty b A RT3 —NV6EFRT B, ZDK. A7y b A K7 —)b 6 oM E
TELEBERS - MEBE4 2. IZE v BERH Y Y=y by F U7 XITERRNS
ALy F UL THET S, T, F— MNEMLO AT 7Yy N A R4 —I16
AT L THEMLIIHTL T, MIAIFAsEHFATRIALX—2keV, R—XE1X1
OBecml2OFBTAA L FATEZILICKY, nBIT I 2522 g VKL 0 2T
5, TOE, F— b NEMLNOA Ty b A RT3 — V62 AZ & L THEMNLITHL
T, MIZIFBZFATLRXNF—10keV, R—XE3IX10BcmIioFHTAF T
ATBHZLICkY, pHIERYyy NEIRL 1 2TRT 5,

[(0122)

Wic, HE1 o FIcAHEICE S THEES5 O n mEEE oM (MIZIES i N 2 HifE
L7z, MEERIEIC L Ty F Ny 7 &217-C, X1 4 (£f) 1TrT kDL, F—h
Eis oA 7y AL R — b6 2L Tiltigor A4 R — 7 2R T
5,

(01 23]
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wic, = EMbS, A7y M A R = N6 KNOT A RT3 —NTEATEL
TEMNLITHTL T, MIZIFAsZFATEXNLNTE—10keV, F—XE5X10l5cm-?
DEETAF L EALE, MIZIT1 050 CHEOEETSPIKE RTABRITU,
FEARMY 2L T 5, chicky, M14 (g) IRT XD, nlly—=2 - KA
UHIR 1 2R E NS,

(0124)

YRIC, EA1 D FIcCAHEIICE > CTEE1 O n miEE0LENE (X IEN i 8 ZHEFEL
k&\RTA%%%?&:&K&D%ﬁl@%&%ﬁtéﬁﬁt%fﬁéﬁ zhic k-
T. @15 (a) IZRT LD, nBIV—2 - FUAVERL 2 RIS U A REL 3%
kT 5. T ok, FEN 1 _RISHEET L RIC0LBIEE HBE - kT 5,

[0125)

iz, 15 (b) ITRT LT, F—hEMmS 0 E2STLHEMN 1 o HiceMmIicE > T
HlZIEHEIE4 0 O n mFEE D RYHEiE 1 4 2 HFET 2,

[012686)]

Kz, 15 (e) T ko1, MIAIECMP (chemical mechanical polishing )
WCko TEMMIE Ll 4%, ZoXRABIN—E1 5o tHEE 1225 % TH] - 721%.
VHBHL AN E1 522y F U 7ICkVMET S, 2ok &, CMPHROEEER
140 bERNOA 72y F YA R — 6D EEBBREEIND,

(0127)]

Kic, M1 o FIcSHEICE - THEE 1 0 0 n mfEE oL (FIZIEN i 8 2 HEfE
L7ztk. RTAZEBETLZ Iick Y/ — ML OFE LI Be 2008, 7
hick->7T, 15 (d) IZRT LI, 70T US A RMIbEhi=r—rEMkl 6 (5%
EERY — MEGHE4 FoLSBEIT VYA RMfbah/z7/— hEM 1 6) 2FRT 5,

(01 28]

PLRICEIH L 7= AE fpaeotlE Aic kb2, FUST (full silicide ) HE%2H
W2 2 oFE i BOM I SFE THIE (XN238) K HRICERT L2 2B TE
5,

(0129])

. AEBEBICBWT, 7%y " A R —IL6 oEmkEIc. £ 7%y R A K
7 A —I)V 6 DIMINCHE T 5 EfdERs — MiEgiE4 2. I2AE7vyBEHW Y=y b
ToF ko THETLIEIC, 7%y A Ko —)L 6 ofliaBo Ml E T
HEREEE T — MERIE4 o8B, D F Y EFEEER S — MERIE4 oflinikE 2 v FIRIC
HOBWT ) v FZ2&TTCH LN, ZoEkDITDe, FUS IHMERZHWEE 2 0FEHK
FREDH 1 EMoMI SFE THE (M73H) Z2HBICERTLIZ N TES,

[(0130])

¥ /. KREREEICBWT, ¥ — NEMS oM BT 2 S FEERY — MR 4 o
JEAL ORISR E S NS b DO TIER WAL, EidER Yy — M4 S LT ZXIEH T
SlONﬁ%%Ué%A\H ke FLAUBloBERED FRZHIFITS 2D, F— b

Ehle 5 OMUDOEEFEER Y — Mg 4 285 2 n mFEE DI MicHEiE LT 25 ((HUEM 1
O)i‘:{ﬁfﬁ mbiﬁhivk) ;2:75%1?351/11\

(0131)

F /o, AEREEICBWNT, A7y A R r— V6 E2RLEZE A7y b3
A4 R4 —)v 6 DMl EEEERS — g4 2 L. 2ok, nlo 7 25233
VL O /RO p Ry MMEIK 1 1 2T 720D A4 F > HEAZRIT-72, LAL,
HITRRA T, A7y AR — N6 EFERLEE. A7y A R —16D
AN HEREA L L 7o maFdEER Y — MR 4 2 RFE SR Tn T 7 A5 v g VIR
10K pHIERYyy M1 1 2R TEB72DDA AV FEAEZIT->TH I, TDLDIC
LTY., KRERETIIS — NEM 5 OMINCAIE T 2 EaFER Y — MR 4 A3EE(L
ENTE72D, IR X VX — DI KENEITE 50T, nAI?XT/Va/ﬁﬁl
OIZBWTENWESEZRBRBICHERTE, ZRICKYFAAAL 2o 2 YR30,
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2. ZoOBE. nML I X502 g VIR O XRC pBIAR v MFIR1 1 2T 5729
DAF UV FEART-T2R. A7y A Ko —)L 6 AMIITHLE T 2 5ikER Y — b
B4 2L, Fok. [[B—FENR BT 2 hoF » 2B X3 oEEFZOMI SF
ETOT I A5y g BN OEY v NMEBRZ TR T 5720044 FAZIT>TH &
vy,

[0132)

F /2. AEREICB T, FUS IH#HEZHWEE 2 0FEmFEEOMI SFE THE
ZIERRL 7243, ZhITRA T, 3 1 oFERIEEL L <IXZ2oZEMl. & 2 oFuiiEo&
M. 3 OFEFEEE L {137 0EFM. XI3H 4 oFEfFEE L {ikZ2oERMo
MISFETHEZFUS I#MEEZHOTERL T ki,

[0133)

/2, Fl1~FB8OERIEEIIBWT, A KI4— 72 L THRAIES i NEo 1l
EEZ WA, ZhIcfRAT, AR (S10; 8 =t (SiIiNE &%
MaEbEz2/EE WMAIETES 10, i FEsS i N Xik3fgte (Wi T
JES iO; fEedgsS i N FESi0; i) E2HWTH L,

[(0134)

/2. B1~F8OEWEICB T, nzr 2503 g9 V41T 0IXAVXTCLDD
AL TH Xy,

[(0135]

¥/, B 5~F 8 oEHEECBNT, nBIMI SFETICAAZCpHBMI SFET%
L TH Ly,

[0136])

7z, B 5~F 8 DEMRBICB T, ¥ — NERIE - ¥ — MNEMKEHOHBE PGiET
Ll=®iz, ¥ — N5 L ERERY — MEBIE4 L oI A ITHEIEO0. 2 n mFEED
Ny Ty —HEFHE R AR L TH Ly,

(0137)

F/o. BL1~F8OEMFEBICBNT, YA R4 —nN7 X347y A K7 g—
V6 DEGFEB TN /v F 2 0 W33 & hWiimifER sy — MEgE4 ofimmikid,. H6.
X7, M8 XiHH1 01crT &I R MRICRESI NS b D Tldn, FRIEEFER
57— N4 oIETFARIZENE IS L TRE 2R TD kv, Thbb, EiFEky
— MEFE4 oflH= X, VA KR53 — 7 XiFA 78y MY A K20 —)b 6 ofiERHE D &
Y — a5 HNCAT EOERE/Z T AV AAZZEICH - TH Ky,

(e F oA FHn M)

(01 38]

PIRCEHH L 72 & i, ARFEHHIE, FEAREE RO ZFofliEAHicE L, FROERER
¥ — Mg AETAMI SFETICHAL 721841213, M1 SFE T &/ RO{EHH
HEM EERELIENTELEOIEBE LN, FEEICHHATH S,

(X o> i B 72 B BH

[0139])

(X1]) 1 EARFHOHE 1 OFRBEHIEIC(R L FEARER OME L R TRIEX TS 5

2] 2 AR O 2 0 FHTAEC (%5 SRS o 2 T BN 5 5

(X3] X3 IFAFHON 2 DEMHIEDON 2 LTI 1R L FEMEE OMEE 2R
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Application No. Applicant(s)
12/505,799 HIRASE ET AL.

Office Action Summary Examiner ArtUnit
Chuong A. Luu 2892

-- 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 03 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)J Responsive to communication(s) filed on
2a)[] This action is FINAL. 2b)X] 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

4K Claim(s) 21-37 is/are pending in the application.
4a) Of the above claim(s) ___is/are withdrawn from consideration.
5] Claim(s) _____is/are allowed.
6)X] Claim(s) 21-37 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)] The drawing(s) filed on is/are: 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)[] 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)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X Al b)[] Some * ¢)] None of:
1. Certified copies of the priority documents have been received.
2..X Certified copies of the priority documents have been received in Application No. 11/491.260.
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 (PTO-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 7/20/2009. 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20100730
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DETAILED ACTION
REJECTIONS BASED UPON PRIOR ARTS
Statutory Basis
Claim Rejections - 35 USC § 102
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 —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

The Rejections
Claim 21 is rejected under 35 U.S.C. 102(e) as being anticipated by Hieda et al.

(U.S. 6,992,358).

Hieda discloses, as shown in Figures 9A and 9C, a semiconductor device with
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(21) a high dielectric constant gate insulating film (102-oxide) formed on an
active region in a substrate (101);

a gate electrode (103) formed on the high dielectric constant gate insulating film
(102-oxide);

a first insulating sidewall (106) formed on each side surface of the gate electrode
(103),

a second insulating sidewall (110) formed on each side surface of the gate
electrode (103) with the first insulating sidewall (106) interposed therebetween;

wherein the high dielectric constant gate insulating film (102-oxide) is
continuously formed so as to extend from under the gate electrode (103) to under the
first insulating sidewall (106), and

part of the high dielectric constant gate insulating film (102-oxide) located under
the insulating sidewall (106) has a smaller thickness than a thickness of part of the high
dielectric constant gate insulating film (102-oxide) located under the gate electrode

(103) (see Figures 9A and 9C);

OBVIOUS TYPE DOUBLE PATENTING
Statutory Basis

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and, In re Thorington,
418 F.2d 528, 163 USPQ 644 (CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be
used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the conflicting application or patent is shown to be commonly
owned with this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

The Rejections

Claims 21-37 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 12-16 of U.S. Patent No. 7,579,227
in view of Chen et al. (U.S. Pat. Application No.: 2005/0121733).

Although the conflicting claims are not identical, they are claiming common
subject matter, as follows: both U.S. Patent and instant application claimed a
semiconductor device capable of implementing a second insulating sidewall on each
side surface of the gate electrode. Specifically, regarding claim 21 of instant application
discloses a semiconductor device (claim 1 of Pat. 7,579,227, line 41) comprising: a high
dielectric constant gate insulating film formed on an active region in a substrate (claim
1, lines 42-43); a gate electrode formed on the high dielectric constant gate insulating
film (claim 1, lines 44-45); a first insulating sidewall formed on each side surface of the
gate electrode (claim 1, lines 46-47); wherein the high dielectric constant gate insulating
film is continuously formed so as to extend from under the gate electrode to under the
first insulating sidewall (claim 1, lines 48-50), and part of the high dielectric constant
gate insulating film located under the insulating sidewall has a smaller thickness than a

thickness of part of the high dielectric constant gate insulating film located under the

gate electrode (claim 1, lines 51-56).
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The U.S. Patent No. 7,579,227 does not claim a second insulating sidewall
formed on said each side surface of the gate electrode with the first insulating sidewall
interposed therebetween.

However, Chen (see Fig. 6) discloses a semiconductor device has a second
insulating sidewall formed on said each side surface of the gate electrode with the first
insulating sidewall interposed therebetween. Accordingly, it would have been obvious to
one having ordinary skill in the art at the time of the invention was made to modify the
device of Hirase by forming the second insulating sidewall formed on said each side
surface of the gate electrode with the first insulating sidewall interposed therebetween
as set forth above, because such a forming a second insulating sidewall formed on said
each side surface of the gate electrode with the first insulating sidewall interposed
therebetween would depend on the processing environment with the product made and
technology used that would enhance protection of semiconductor gate structure, as
taught by Chen (see Figure 6). Additionally, since Hirase and Chen are both from the
same field of endeavor (semiconductors), the purpose disclosed by Chen would have

been recognized in the pertinent art of Hirase.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chuong A. Luu whose telephone number is (571) 272-

1902. The examiner can normally be reached on M-F (6:30-3:00).
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao X. Le can be reached on (571) 272-1708. 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.

/Chuong A Luu/

Primary Examiner, Art Unit 2892
July 30, 2010
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ATTY. DOCKET NO. SERIAL NO.
INFORMATION DISCLOSURE 079195-0945
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Junji HIRASE, et al.
(Substitute for form 1449/PTO) FILING DATE
July 20, 2009
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T US 2005/0127436
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Extension and Low Temperature SiN Process”, IEDM 2000, IEDM 00-239-242-IEDM 00
/ / U.S. Office Action issued in U.S. Patent Application No. 11/543,865 dated on November 12, 2008
AOR
/ ; Chinese Office Action, with English Translation, issued in Chinese Patent Application No.
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Docket No.: 079195-0945 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080

Junji HIRASE, et al. :  Confirmation Number: 2930
Application No.: 12/505,799 :  Group Art Unit; 2892

Filed: July 20, 2009 1 Examiner: CHUONG A. LUU
For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
Mail Stop FEE Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

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

X

The fee has been calculated as shown below:

No additional fee is required.
Applicant is entitled to small entity status under 37 CFR 1.27
Also attached: TERMINAL DISCLAIMER

| NO. OF HIGHEST EXTRA RATE FEE
CLAIMS PREVIOUSLY CLAIMS
o {h PAID FOR
Total Claims 21 20 1 $52.00 = $52.00
Independent Claims 1 3 0 $220.00 = $0.00
Multiple dependent claims newly presented $0.00
Fee for extension of time $0.00
Total of Above Calculations $52.00
X Please charge my Deposit Account No. 500417 in the amount of $52.00. 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.
v submitted,
/ & EMERY LLP
ation No. 36,139
600 13" Street, N.W. ease regognize our Customer No. 53080 as our
Washington, DC 20005-3096 correspgndence address.

Phone: 202.756.8000 MEF:rp

Facsimile: 202.756.8087
Date: November 3,2010
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Docket No.: 079195-0945 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 2930
Application No.: 12/505,799 Group Art Unit: 2892

Filed: July 20, 2009 Examiner: CHUONG A. LUU

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

AMENDMENT UNDER 37 C.F.R, §1.111

Mail Stop FEE Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In response to the Office Action dated August 3, 2010, having a three-month shortened

statutory period for reply set to expire on November 3, 2010, please amend the above-identified

application as set forth below.
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IN THE SPECIFICATION:

Please amend the following paragraph on page 1 of the application as follows:
--This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July

24, 2006, now USP No. 7,579,227, claiming priority of Japanese Patent Application No. 2005-

227457, filed on August 5, 2005, the entire contents of each of which are incorporated by

reference. --
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IN THE CLAIMS:

Please amend the claims as follows:

1-20. (Cancelled)

21. (Previously presented) A semiconductor device comprising:

a high dielectric constant gate insulating film formed on an active region in a substrate;

a gate electrode formed on the high dielectric constant gate insulating film;

a first insulating sidewall formed on each side surface of the gate electrode; and

a second insulating sidewall formed on said each side surface of the gate electrode with
the first insulating sidewall interposed therebetween,

wherein the high dielectric constant gate insulating film is continuously formed so as to
extend from under the gate electrode to under the first insulating sidewall, and

part of the high dielectric constant gate insulating film located under the first insulating
sidewall has a smaller thickness than a thickness of part of the high dielectric constant gate
insulating film located under the gate electrode.

22. (Previously presented) The semiconductor device of claim 21, further comprising a
buffer insulating film between the substrate and the high dielectric constant gate insulating film.

23. (Previously presented) The semiconductor device of claim 22, wherein the buffer
insulating film is a silicon oxide film.

24. (Previously presented) The semiconductor device of claim 21, wherein the first

insulating sidewall is an offset sidewall.
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25. (Previously presented) The semiconductor device of claim 21, wherein the high
dielectric constant gate insulating film is formed so as not to be located under the second
insulating sidewall.

26. (Previously presented) The semiconductor device of claim 21, wherein the high
dielectric constant gate insulating film is formed of a Hf based oxide.

27. (Previously presented) The semiconductor device of claim 21, wherein the high
dielectric constant gate insulating film is formed of a HfSiON film.

28. (Previously presented) The semiconductor device of claim 21, wherein an extension
region of a first conductivity type is formed in each of parts of the active region located under the
first insulating sidewall and the second insulating sidewall, and

a pocket region of a second conductivity type is formed in part of the active region
located under the extension region.

29. (Previously presented) The semiconductor device of claim 28, wherein each of
source/drain regions of a first conductivity type is formed in part of the active region located in
an external side to the extension region and the pocket region when viewed from the gate
electrode.

30. (Previously presented) The semiconductor device of claim 21, wherein the high
dielectric constant gate insulating film includes a notch at a side end portion.

31. (Previously presented) The semiconductor device of claim 21, wherein each side end

portion of the high dielectric constant gate insulating film has a thickness of 2 nm or less.
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32. (Previously presented) The semiconductor device of claim 21, whefein a side
surface of the high dielectric constant gate insulating film is located at a predetermined distance
from a side end surface of the first insulating sidewall toward the gate electrode.

33. (Previously presented) The semiconductor device of claim 21, wherein a side
surface of the high dielectric constant gate insulating film is located at a predetermined distance
from a side end surface of the gate electrode toward the first insulating sidewall.

34. (Previously presented) The semiconductor device of claim 21, wherein the second
insulating sidewall has a double layer structure including an oxide film and a nitride film.

35. (Previously presented) The semiconductor device of claim 21, wherein the second
insulating sidewall has a triple layer structure including a first oxide film, a nitride film and a
second oxide film.

36. (Previously presented) The semicondﬁctor device of claim 21, wherein a width of
the high dielectric constant gate insulating film along a gate length is larger than a width of the
gate electrode along the gate length.

37. (Previously presented) The semiconductor device of claim 21, wherein a width of a
bottom surface of the high dielectric constant gate insulating film along a gate length is larger
than a width of a bottom surface of the gate electrode along the gate length.

38. (New) The semiconductor device of claim 21, wherein the high dielectric constant
gate insulating film has a relative dielectric constant of 10 or more.

39. (New) The semiconductor device of claim 21, wherein the high dielectric constant

gate insulating film has a larger relative dielectric constant than that of the second insulating

-5-
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sidewall.

40. (New) The semiconductor device of claim 21, wherein the high dielectric constant
gate insulating film is formed to have a convex cross-sectional shape.

41. (New) The semiconductor device of claim 21, wherein each side end portion of the

high dielectric constant gate insulating film is not in contact with the first insulating sidewall.
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REMARKS
L Introduction
In response to the pending Office Action, Applicants have amended the specification so
as to update the priority information. In addition, new claims 38-41 have been added. Care has
been taken to avoid the introduction of new matter.
For at least the reasons set forth below, it is respectfully submitted that all pending claims

are patentable over the cited prior art references.

II. The Rejection Of The Claim Under 35 U.S.C. § 102

Claim 21 was rejected under 35 U.S.C. § 102 as being anticipated by USP No. 6,992,358
to Hieda. For at least the following reasons, it is respectfully submitted that claim 21 is not
anticipated by Hieda.

Claim 21 relates to a semiconductor device and recites in part a high dielectric constant
gate insulating film formed on an active region in a substrate; and a gate electrode formed on the
high dielectric constant gate insulating film. Claim 21 further recites a first insulating sidewall
formed on each side surface of the gate electrode; and a second insulating sidewall formed on
said each side surface of the gate electrode with the first insulating sidewall interposed
therebetween, wherein the high dielectric constant gate insulating film is continuously formed so
as to extend from under the gate electrode to under the first insulating sidewall, and part of the
high dielectric constant gate insulating film located under the first insulating sidewall has a
smaller thickness than a thickness of part of the high dielectric constant gate insulating film

located under the gate electrode.
-7-
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For example, referring to the exemplary embodiment shown in Fig. 1, the high dielectric
constant gate insulating film 4a extends under both the gate electrode 5 and the first insulating
sidewalls 7. Further, the thickness of the portion of the high dielectric constant gate insulating
film under the gate electrode is greater than the thickness of the portion under the first insulating
sidewall.

Turning to the pending rejection and the cited prior art, it is asserted that the buried oxide
film 102 of Hieda corresponds to the recited high dielectric constant gate insulating film, and that
the island-form semiconductor structure 103 of Hieda corresponds to the recited gate electrode.
However, upon review of Hieda, it is clear that the foregoing elements of Hieda do NOT
correspond to the recited high dielectric constant gate insulating film or gate electrode of the
present disclosure.

Referring to Figs. 9A-9C of Hieda, these figures illustrate the steps of the manufacturing
process for manufacturing a transistor structure shown in Figs. 14A-14C. Figs. 9A-9C DO NOT
illustrate the final structure of a complete semiconductor device. Referring to 14B of Hieda and
the specification, it is clear that element 115 corresponds to the gate insulating film and element
116 corresponds to the gate electrode (see, also, col. 9, lines 40-41 and col. 10, lines 38-39 of
Hieda). Thus, it is clear that the “buried oxide film 102 and “ semiconductor structure 103” of
Heidi DOT NOT correspond to a gate insulating film or a gate electrode, respectively.

More importantly, the gate insulating film 115 of Hieda DOES NOT extend under both
the gate electrode and first insulating sidewalls. Further, as the gate insulating film 115 of Hieda

appears to have a constant thickness, Hieda also fails to disclose a gate insulating film in which

-8-
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the thickness of the portion of the gate insulating film under the gate electrode is greater than the
thickness of the portion of the gate insulating film under the first insulating sidewall.

It is further noted that the “semiconductor structure 103” that is asserted as corresponding
to the “gate electrode” of claim 21 is an active region in which source and drains regions 113a
and 113b are formed, and not a gate electrode.

The “p-type silicon substrate 101” that is asserted as corresponding to the “active region
in a substrate” of claim 21 is a supporting substrate which supports a semiconductor structure
103, and not an active region.

The “buried oxide film 102” that is asserted as corresponding to the “high dielectric
constant gate insulating film” of claim 21 is an isolation film to isolate the “semiconductor
structure 103” from the “p-type silicon substrate 101,” and not a high dielectric constant gate
insulating film.

It is well known that the factual determination of lack of novelty under 35 U.S.C. § 102

requires the identical disclosure in a single reference of each element of a claimed invention,

such that the identically claimed invention is placed into the possession of one having ordinary
skill in the art. Helifix Ltd. v. Blok-Lok, Ltd., 208 F.3d 1339, 54 USPQ2d 1299 (Fed. Cir. 2000),
Electro Medical Systems S.A. v. Cooper Life Sciences, Inc., 34 F.3d 1048, 32 USPQ2d 1017
(Fed. Cir. 1994). For all of the foregoing reasons, it is clear that Heidi does not disclose or

suggest each of the elements recited by claim 21, and therefore does not anticipate claim 21.
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III.  The Obvious Type Double Patenting Rejection

In response to the pending obviousness-type double patenting rejection, Applicants

submit herewith a terminal disclaimer so as to overcome the pending rejection.

IV. Dependent Claims

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 the pending independent claim is
patentable for at least the reasons set forth above, it is respectfully submitted that all claims

dependent thereon are also patentable.

V. Summary

Applicants submit that all of the claims are now in condition for allowance, an indication
of which is respectfully solicited.
To the extent necessary, a petition for an extension of time under 37 C.F.R. § 1.1361s

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,

-10-
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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,

Please r¢cognize our Customer No. 53080
porrespondence address.

600 13™ Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:rp
Facsimile: 202.756.8087
Date: November 3, 2010

WDC99 1937842-1.079195.0945
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Approved for use through 07/31/2006. 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.
TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER "PRIOR" PATENT 079195-0945

In re Application of: Junji HIRASE, et al.

Application No.: 12/506,799

Filed: July 20, 2009

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

The owner*, Panasonic Corporation, of 100 percent interest in the instant application hereby disclaims, except as provided below, the teminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the full statutory
term prior patent No. 7,579,227 as the term of said patent is defined in 35 U.S.C. 154 and 173, and as the term of said prior patent is
presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be
enforceable only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted
on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application that would
extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 and 173 of the prior patent, "as the term of said prior
patent is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. [ For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

| 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,- , under Sgction 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the/appli€ati tent issued thereon.

2. The undersigned is an attorney oy/age <Red. No. 36,138

November 3, 2010

V / / Signature Date
Michael E. Fogarty _

Typed or printed name

202.756.8372
Telephone Number

0 Terminal disclaimer fee under 37 CER1.20(d) is included [ Charge Deposit Account 500417 [J Check enclosed

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this statement. See MPEP § 324.

This collection of information is required by 37 CFR 1.321. 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 USPTO. 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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OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 11/03/2010 | arrer PREVIOUSLY EXTRA RATE ) | Fee $) RATE (3) FEE ($)
E AMENDMENT PAID FOR
= | Joaerers 21 Minus | =~ 20 =1 xs = OR | x ss2= 52
5
E 'g‘fg‘;ﬁ”ﬁfg‘}‘)) * 1 Minus | 3 =0 X$ = OR | x s$220= 0
<§E [ Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR  ADDL 52
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE 8) | Fee (3) RATE (3) FEE ($)
— AMENDMENT PAID FOR
il B - Minus | = Xs = or [ xs =
= | poeporcent | - Minus | == - xs = orR [xs =
E D Application Size Fee (37 CFR 1.16(s))
=
< | [ FiRsT PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() OR
TOTAL TOTAL
ADD’L OR  ADD'L
FEE FEE

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 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-PT0O-9199 and select option 2.
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Application Number Application/Control No. Qpplicar]t(st)_lPatent under
eexamihation
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X] APPROVED [ ] DISAPPROVED
This patent is subject
Date Filed : 11/3/10 to a Terminal
Disclaimer

Approved/Disapproved by:

Janice Ford

U.S. Patent and Trademark Office
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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.0O.Box 1450

Alexandria, Virginia 22313-1450

WW\V.\ISP[O,gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

53080 7590 12/13/2010 | EXAMINER |
MCDERMOTT WILL & EMERY LLP LUU, CHUONG A
600 13TH STREET, NW | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 —

DATE MAILED: 12/13/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/505,799 07/20/2009 Junji HIRASE 079195-0945 2930
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1510 $300 $0 $1810 03/14/2011

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:

AL 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.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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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
Commissioner for Patents
P.O. Box 1450
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
apéaropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated 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
maintenance 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
ﬁapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

53080 7590 12/13/2010
Certificate of Mailing or Transmission
MCDERMOTT WILL & EMERY LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
600 13TH STREET’ NW addressed to the Mail Stog) 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.
12/505,799 07/20/2009 Junji HIRASE 079195-0945 2930
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 03/14/2011
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LUU, CHUONG A 2892 257-295000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
[ Change 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
[J “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) : [ Individual [ 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.
[J 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)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b. 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 CFR 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
submutting the completed application form to the USPTO. 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, 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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Page 155 of 178



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0O.Box 1450

Alexandria, Virginia 22313-1450

Www.usplo,gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. I
12/505,799 07/20/2009 Junji HIRASE 079195-0945 2930
53080 7590 12/13/2010 | EXAMINER |
MCDERMOTT WILL & EMERY LLP LU, CHUONG A
600 13TH STREET, NW | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 —

DATE MAILED: 12/13/2010

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 0 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 0 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.

Page 3 of 3
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Application No. Applicant(s)
. . 12/505,799 HIRASE ET AL.
Chuong A. Luu 2892

-- 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 November 03, 2010.

2. [X] The allowed claim(s) is/are 21-41.

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 of the:
1. [ Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. 11/491.260 .
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. [C] 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.
(@) [0 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. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. 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 20101201
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Application/Control Number: 12/505,799 Page 2
Art Unit: 2892

DETAILED ACTION
EXAMINER’S AMENDMENT
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.
The application has been amended as follows:
To The Specification
On page 2 of Amendments to the Specification filed on July 20, 2009, line 2, after
“2006” insert —now U.S. Patent No. 7,579,227--
Remarks
This amendment updates the status of the parent application. The applicant’s
representative is reminded to update the status of the parent via an amendment. In this

way the status change of the parent will not be missed upon allowance.

Terminal Disclaimer
The terminal disclaimer filed on November 03, 2010 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of the US Patent Number 7,579,227 has been reviewed and is accepted.

The terminal disclaimer has been recorded.

Page 158 of 178



Application/Control Number: 12/505,799 Page 3
Art Unit: 2892

The assignment document filed on November 03, 2010 is acceptable as the
documentary evidence required by 37 CFR 3.73. If the assignment document is not
already recorded with the Patent and Trademark Office, it is suggested that the
assignment document be submitted for recording among the Office assignment records.

See 37 CFR 3.11 and MPEP § 302.

Allowable Subject Matter

Claims 21-41 are allowed.

The following is an examiner's statement of reasons for allowance: The invention
is allowable after it was rejected as Obvious Double Patenting in the first office action.
However, the applicant filed terminal disclaimer in a timely manner in compliance with
37 CFR 1.321(c). It may be used to overcome an actual patent is shown to be
commonly owned with this application.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chuong A. Luu whose telephone number is (571) 272-

1902. The examiner can normally be reached on M-F (6:30-3:00).
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Application/Control Number: 12/505,799 Page 4
Art Unit: 2892

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao X. Le can be reached on (571) 272-1708. 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.

/Chuong A Luu/

Primary Examiner, Art Unit 2892
December 01, 2010
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IN THE SPECIFICATION:

Please insert the following new paragraph after the Title and before the “BACKGROUND OF
THE INVENTION”’:
-- RELATED APPLICATIONS

This application is a Divisional of U.S. Patent Application No. 11/491,260, filed on July
24,2006, claiming priority of Japanese Patent Application No. 2005-227457, filed on August 5,

2005, the entire contents of each of which are incorporated by reference. --

It is OK to enter.
CAal
12/01/7201¢
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iL23 35 (((semiconductor) and (gate or electrode) US-PGPUB; OR ON 2010/12/04
: and (((gate or electrode) adj (insulat$4 or USPAT; 20:43
dielectric or oxide)) adj (high adj dielectric USOCR; FPRS;
adj constant)))).clm. EPO; JPO;
DERWENT;
: IBM_TDB
124 21 (((semiconductor) and (gate or electrode) US-PGPUB OR ON 2010/12/04
: and (((gate or electrode) adj (insulat$4 or 20:43
dielectric or oxide)) adj (high adj dielectric
: adj constant)))).cim.
iLo5 5 (("20050127436") or ("6284630") or US-PGPUB; OR OFF 2010/12/04
: ("20020163039") or ("20010028086") or USPAT 20:44
‘ ("5223445")).PN.
1126 3 09/824672 US-PGPUB; OR ON 2010/12/04
1 USPAT; 20:44
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
o7 2 09/848431 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:44
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iLos 8 (("20050127436") or ("6284630") or US-PGPUB; OR OFF 2010/12/04
: ("20020163039") or ("20010028086") or USPAT 20:44
("5223445") or ("6509612") or ("6794258")
: or ("6614081")).PN.
29 4 10/904875 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:45
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
4130 1928 {(257/324).CCLS. US-PGPUB; OR OFF 2010/12/04
: USPAT; 20:46
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
131 7 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and ((gate or electrode) {USPAT; 20:46
adj (insulat$4 or dielectric or oxide)) and USOCR; FPRS;
(((high adj dielectric adj constant) or EPO; JPO;
(ferroelectric)) adj gate adj (layer or film)) DERWENT;
: IBM_TDB
iL32 1290 {(257/410).CCLS. US-PGPUB; OR OFF 2010/12/04
3 USPAT; 20:46
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iL33 185 257/e29.132.ccls. US-PGPUB; OR ON 2010/12/04
‘ USPAT; 20:46
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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i34 1693 i257/e29.133.ccls. US-PGPUB; OR ON 2010/12/04
: USPAT; 20:46
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iL35 1606 {257/€29.137.ccls. US-PGPUB; OR ON 2010/12/04
: USPAT; 20:47
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
1136 181 257/e29.138.ccls. US-PGPUB; OR ON 2010/12/04
: USPAT; 20:47
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iL37 676 257/e29.162.ccls. US-PGPUB; OR ON 2010/12/04
: USPAT; 20:47
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
1138 570 257/e29.165.ccls. US-PGPUB; OR ON 2010/12/04
1 USPAT; 20:47
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
39 2 (257/€29.132,629.133,629.134,629.135, US-PGPUB; OR ON 2010/12/04
: €29.136,29.137,629.138,29.138,29.162, {USPAT; 20:47
€29.163,e29.164,629.164,e29.165.ccls.) and {USOCR; FPRS;
(gate or electrode) and ((gate or electrode) {EPO; JPO;
adj (insulat$4 or dielectric or oxide)) and DERWENT;
(((high adj dielectric adj constant) or IBM_TDB
: (ferroelectric)) adj gate adj (layer or film))
iL40 1375 {(257/411).CCLS. US-PGPUB; OR OFF 2010/12/04
: USPAT; 20:48
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
AL 54 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and (((high adj dielectric {USPAT; 20:48
adj constant) or (ferroelectric)) adj (gate or {USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat EPO; JPO;
$4)) DERWENT;
: IBM_TDB
iL42 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
; (gate or electrode) and (((high adj dielectric {USPAT; 20:48
adj constant) or (ferroelectric)) adj (gate or {USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat EPO; JPO;
$4)) and @ad< ="20050805" DERWENT;
: IBM_TDB
iL43 111 ("257"/$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:48
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad< ="20050805" DERWENT;
IBM_TDB
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iL44 23 (257/€29.132,629.133,€29.134,e29.135, US-PGPUB; OR ON 2010/12/04
! €29.136,e29.137,629.138,629.138,e29.162, {USPAT; 20:48
€29.163,e29.164,e29.164,e29.165.ccls.) and {USOCR; FPRS;
(gate or electrode) and (((high adj dielectric {EPO; JPO;
adj constant) or (ferroelectric)) adj (gate or {DERWENT;
electrode) adj (dielectric or oxide or insulat IBM_TDB
: $4)) and @ad< ="20050805"
iL4s 102 (257/e$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:49
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
iL46 32 ("438"/$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:49
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad< ="20050805" DERWENT;
: IBM_TDB
iL47 5444  {(257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and ((gate or electrode) {USPAT; 20:50
adj (dielectric or oxide or insulat$4)) and USOCR; FPRS;
@ad< ="20050805" EPO; JPO;
DERWENT;
IBM_TDB
iL48 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:50
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
iL49 770 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((gate or electrode) adj (dielectric or oxide {USPAT; 20:50
or insulat$4)) with ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad< ="20050805" DERWENT;
: IBM_TDB
iL50 184 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((gate or electrode) adj (dielectric or oxide {USPAT; 20:50
or insulat$4)) near ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad< ="20050805" DERWENT;
: IBM_TDB
iL51 1011 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((gate or electrode) adj (dielectric or oxide {USPAT; 20:51
or insulat$4)) same ((high adj dielectric adj {USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
i{L52 5 (("20030022422") or ("20040004234") or US-PGPUB OR OFF 2010/12/04
3 ("20040129997") or ("20050121733") or 20:51
: ("20060121740")).PN.
iL53 2 10/519799 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:51
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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iLs4

"7186604"

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2010/12/04
20:51

155

11/491260

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2010/12/04
20:52

57

1375

(257/411).CCLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2010/12/04
21:13

is117

11/491260

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2010/07/30
21:31

SIE

("20030022422" | "20040004234" |
"20040129997" | "20050121733" |
"20050127436" | "20060121740" |
"6642071" | "6929992" | "6992358").PN. OR
("7579227").URPN.

US-PGPUB;
USPAT; USOCR

OR

ON

2010/07/30
21:36

Si1e

12/505799

US-PGPUB;
USPAT; USOCR

OR

ON

2010/07/30
21:37

18120

2925

(257/295).0CLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2010/07/30
21:39

NSEY

1497

(257/310).CCLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2010/07/30
21:39

18122

09/916509

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2010/07/30
21:39

5123
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iS124 1587  {(257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) near ((gate or electrode) adj USPAT; 21:39
(insulat$4 or dielectric or oxide)) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18125 1587 (257/296,295,310.ccls.) and ((gate or US-PGPUB; OR ON 2010/07/30
: electrode) near ((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide))) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18126 435 (257/296,295,310.ccls.) and ((gate or US-PGPUB; OR ON 2010/07/30
: electrode) adj ((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide))) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
{8127 157 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
ad]j dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
iS128 133 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) adj (high USOCR; FPRS;
adj dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
is129 113 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) adj (high USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
iS130 {19 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:41
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
18131 6 "6992358" US-PGPUB; OR ON 2010/07/30
1 USPAT; 21:41
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18132 {18 ("20030209761" | "20040150520" | US-PGPUB; OR ON 2010/07/30
: "20040178451" | "20050040464" | USPAT; USOCR 21:41
"20050051843" | "20050110085" |
"4979014" | "6437404" | "6538916" |
"6580132" | "6639246" | "6646307" |
"6687152" | "6724046" | "6740938" |
: "6744390" | "6800513" | "6822071").PN.
iS183 55 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:41
(insulat$4 or dielectric or oxide)) same (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
IBM_TDB
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iS134 6 (("7018873") or ("6929992") or ("6992358") {US-PGPUB; OR OFF 2010/07/30
: or ("20060121740") or ("20050121733") or  {USPAT 21:45
: ("7579227")).PN.
18135 19 (("6992358") or ("6929992") or ("6642071") US-PGPUB; OR OFF 2010/07/30
1 or ("20060121740") or ("20030022422") or  {USPAT 21:52
("20040004234") or ("20040129997") or
: ("20050121733") or ("20050127436")).PN.
8136 13 (("6,992,358") or ("7579227") or US-PGPUB; OR OFF 2010/08/02
: ("20050121733")).PN. USPAT 04:43
18137 56 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/02
: electrode) and (((gate or electrode) adj USPAT; 08:26
(insulat$4 or dielectric or oxide)) same (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
18138 1 ("5473168").PN. US-PGPUB; OR OFF 2010/12/02
: USPAT 09:41
5139 i1 12/190015 US-PGPUB; OR ON 2010/12/02
: USPAT; 09:42
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
iS140 19 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/02
: electrode) and (((gate or electrode) adj USPAT; 13:11
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
IBM_TDB

12/4/10 9:14:02 PM
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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 o a collection of information ualess it displays a valid OMB control number.
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Electronic Patent Application Fee Transmittal

Application Number:

12505799

Filing Date:

20-Jul-2009

Title of Invention:

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Junji HIRASE

Filer:

Michael E. Fogarty/Tatiana Tucker

Attorney Docket Number:

079195-0945

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-;l‘;(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Applissue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount Sula—;l'g(tsa)l in
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 4 3 12
Total in USD ($) 1822
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Electronic Acknowledgement Receipt

EFS ID: 9580879
Application Number: 12505799
International Application Number:
Confirmation Number: 2930

Title of Invention:

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

First Named Inventor/Applicant Name:

Junji HIRASE

Customer Number:

53080

Filer:

Michael E. Fogarty/Tatiana Tucker

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

079195-0945

Receipt Date: 03-MAR-2011
Filing Date: 20-JUL-2009
Time Stamp: 16:06:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1822
RAM confirmation Number 2579
Deposit Account 500417
Authorized User
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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98658
1 Issue Fee Payment (PTO-85B) ISSUEFEE_079195-0945.PDF no 1

b9ch7641ea9fd453fb2680e1665f52baf1b7

Warnings:

Information:

33768
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
7e8%4che9d5aa220095ee57333869ccbab9)
f1ff7
Warnings:
Information:
Total Files Size (in bytes); 132426

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 similarto 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 a 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.
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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

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/505,799 04/12/2011 7923764 079195-0945 2930
53080 7590 03/23/2011

MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW
WASHINGTON, DC 20005-3096

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

Junji HIRASE, Osaka, JAPAN;
Akio Sebe, Osaka, JAPAN;
Naoki Kotani, Hyogo, JAPAN;
Gen Okazaki, Hyogo, JAPAN;
Kazuhiko Aida, Chiba, JAPAN;
Shinji Takeoka, Osaka, JAPAN;
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