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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION
Field of the In_vention

Thé 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 fabricaﬁng 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 dévices 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 presént invention, the insulating sidewall may
include a first insulating sidewall formed on a side surface of the gate electrode and a
second insu'lating 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 insulating 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 forme;d 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 undér 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 énd 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 include, 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 méy 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 inciude, 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 dielectﬁc 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 is 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 devi;:e
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 embodiﬁent. 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 aéhieved.

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 S 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 lﬁcated 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 thié embodiment that the high dielectric constant gate
insulating film 4A is kept remaining not only under the gate electrode S 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 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 4A located under the sidewall 7 is smaller than a

10
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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 5 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. Asa 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 papacitance 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

11

Page 15 of 192



10

15

20

25

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 h-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 betwéen 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

12
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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 STI 3. The p-type well 2 is formedina
substrate 1 made of, for example, silicon. The gate electrode 5 is formed on the active
region with a high dielectric constant gate irisulating 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 thé 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 S 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 5 is
maintained. Accordingly, reduction in the dielectric constant and insulation property of the
high dielectric constant gate insulating film 4B at the end pottion 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.

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 portion 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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A

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 S5 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 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
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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. S 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 S 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 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 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 dielectric 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.AS, 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
croés-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 S 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 5 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 5 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 (mére 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/draiﬁ
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 conétaﬁt 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. 114, 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 substiate 1 at an implantation energy of 300 keV and a dose of
1x10% 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
1x 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. 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 SA 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. 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 2keV and a
dose of 1 x 10'* cm 2, thereby forming an n-type extension region 10. Thereafter, using
the gate electrode 5 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 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 imp.}anted 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 reducéd 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 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 x 10 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 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. 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 swirounded 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 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. 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 S 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 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 x 10" ecm™, 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

-2

2

into the substrate 1 at an implantation energy of 10keV 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
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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 § 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. 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 S 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 S 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
1x10% cm™@. Thus, a p-type well 2 which is to be an active region is formed.
Subsequently, ion implantation (of B at an implamatiog énergy of 150 keV and a dose of
1 x 10" em™) 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. 13B, as a buffer insulating film, for example, a silicon
oxide film (not shownj 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
férmed 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-describgd 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 insﬁlating 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 S5 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 Aend portion of the sidewall 7, i.e., each side end portion of
the high dielectric constant gate insulating film 4 may be removed ;m 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 ém 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 x10% 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 10'2 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 s0 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 electrode 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 1x 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'* ¢cm 2, 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'* 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. 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 S 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 locatéd 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 tﬁe 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 sidewgll 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewéll 6
is refnoved, 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
dieléctric 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
sidewal_l 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 méy 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 S.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

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

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

an insulatihg 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 éontinuously 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

ihsulating 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;

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.

12. The method of claim 11, further comprising, after the step d), the stép 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 constanlt ga%e

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 io 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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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

Fulli Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE

Sixth Inventor Shinji TAKEOKA SLW it T‘ﬂrthdc/—) Mey, l{, 2006

Residence & Citizenship cIry 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

Fuil Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Seventh Inventor

Residence & Citizenship cIry 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.
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Docket No.: 071971-0620 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Junji HIRASE, et al. Confirmation Number: Not Yet Assigned
Application No.: Not Yet Assigned Group Art Unit: Not Yet Assigned

Filed: July 24,2006 Examiner: Not Yet Assigngd

For: SEMICONDUCTOR DEVICE AND ME.THOD FOR FABRICATING THE SAME

INFORMATION DISCLOSURE STATEMENT

Mail Stop Patent Application
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with the provisions of 37 C.F.R. 1.56, 1.97 and 1.98, the attention of the

Patent and Trademark Office is hereby directed to the documents listed on the attached form PTO-

1449. It is respectfully requested that the documents be expressly considered during the prosecution

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

"References Cited" on any patent to issue therefrom.

This Information Disclosure Statement is being filed within three months of the U.S. filing

date OR before the mailing date of a first Office Action on the merits. No certification or fee is

required.

The relevance of each non-English language reference, if any, is discussed in the present

specification.

WDC99 1260853-1.071971.0620
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Docket No.: 071971-0620

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

such deposit account.

Respectfully submitted,

McDERMOT ILL & EMERY LLP

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:MaM
Facsimile: 202.756.8087

Date: July 24, 2006

WDC99 1260853-1.071971.0620
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SHEET 1 OF 1

INFORMATION DISCLOSURE ATTY. DOCKET NO. SERIAL NO.
APPLICATION
APPLICANT
Junji HIRASE, et al.
PTO-1449 FILING DATE GROUP .
( ) July 24, 2006 Not Yet Assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez ¢ known) MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us
us
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document | Publication Date Name of Patentee or Pages, Columns, Lines Translation
INITIALS CITE Country Codes-Number 4 -Kind MM-DD-YYYY | Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No

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

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

WATANABE, Ken, Partial English Translation of “HfSION-CMOS technology for achieving high performance and high
reliability,” SEMI FORUM Japan, 2005, IT System & ULSI Technology,

HORI, Takashi, “1/4-pm LATID (LArge-Tilt-angle Implanted Drain) TECHNOLOGY FOR 3.3-V OPERATION", CH2637-
7/89/0000-0777 1989 IEEE, IEDM 89-777-780-1EDM 89

SAYAMA, et al., H.,, “80nm CMOSFET Technology Using Double Offset-Implanted Source/Drain Extension and Low
Temperature SiN Process”, IEDM 2000, IEDM 00-239-242-1EDM 00

EXAMINER DATE CONSIDERED

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Docket No.: 071971-0620 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 20277

Junji HIRASE, et al. Confirmation Number: Not Yet Assigned
Application No.: Not Yet Assigned Group Art Unit: Not Yet Assigned

Filed: July 24,2006 Examiner: Not Yet Assigned

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

CLAIM OF PRIORITY AND
TRANSMITTAL OF CERTIFIED PRIORITY DOCUMENT

Mail Stop Patent Application
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In accordance with the provisions of 35 U.S.C. 119, Applicant hereby claims the priority
of: Japanese Patent Application Number 2005-227457, filing date August 5, 2005 cited in the
Declaration of the present application. Certified copy is submitted herewith.

Respectfully submitted,

McDERMOTT /, L & EMERY LLP

1chael E. Fogk
Registration Ner¥y36,139

600 13" Street, N.W, Pleas¢ recognyze our Customer No. 20277
Washington, DC 20005-3096 as ouf corre$§pondence address.

Phone: 202.756.8000 MEF:MaM
Facsimile: 202.756.8087

Date: July 24, 2006

WDC99 1260848-1.071971.0620
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JAPAN PATENT OFFICE

113260- U.S. PTO
11/491280

MERHOEFECRBEN TV IHRFERITROBBEERICERSIAT
AEHEEFM—THAZ EZIAHET L,

. This is to certify that the annexed is a true copy of the following application as filed
rith this Office.

hoB O A H 20054 8H 5H

BoE 5 B2 005-227457

) & L A ENOWME
V2 BRiEOEROER
e b HEOBE o - FEHE
& JP2005—227457
country code and number

our priority application,

¢ used for filing abroad

er the Paris Convention, is

A BMTEREERKSH

2006% 2H14H

] ] N > %@ + ﬂ
SEREE
apan Patent Office . :

SERTIFIED copy
RIORITY DOCUMEON,; BEST AVAILABLE COPY

P

HIEFS HiEHF2006-3009285 .

Page 70 of 192



(E8H4])

(8% 5]

[t EH])

(H T

[ EEssRr 4]

[z8#E]
[Epr i3 ERr]
(K41

[59%)

[ I ERT)
[K4])
[F89E)
G DA =D |
[E4])
[38E]
[1Err XX FE AR
[K4]
[38EE)
[ 3BT
(4]
[3E83)
[ L3 EAT)
[K4&])
[HaF i EEA)
EVES)
[ % X i3 4H]
[CEA)
[Z3%E5]
[#H 1]
[K&Xi3si)
[#ELCHEA)
(&% 5]
[FE L]
[ i35R)
[B5E%F)
[iE#5%]
[EELAAEA)
[FEAES]
[FHE1]
[4 i3]
[BELAEA)
[E&3%ES]
[#E+]
[ i3]
[EBELAEA)
[7%5)
[#rE+])
[ 4 X i34 %5]

MEEE2005-227457

YFEYE
2926470035
Fl74 8A 5H
HEFTRE B
HO1L 21/76

KEEAFMETARFMEL 0 0 6 Fit
T EFE

KEEAFFIETRRFMEL 0 0 6 Fit
WE AR

KIRFFFETRFME 1 0 0 6 FH#
mE Es

KEAFFIETTRFFIE L 0 0 6 FH
el X

KEEAFFIETRFME L1 0 0 6 FH
HE FE

KIEAFFIETRFFMEL 0 0 6 FH
Tri|  EiG

000005821
MTEIFEEREHT

100077931
ArE 54
100094134
ZNITI: -
06-6125-2255
ELEE

100110939

A &

100110940

100113262

(O

T ELRERERXESHN
T EERERKRASHA
T BRI %ﬁkiﬁ%ﬁﬁ
MT B E RSN
T EHFEFKRASHA

T EHEERASHA

HEEF¥2006—-3009285

Page 71 of 192



[EE L 72CEA)
[FFES]
[FE+]
§:- & |

B L-AEA)
[ER1ES])
[FEL]

(K4 Xixa#r)

[LEEL AL
[3FS]
Cizim|
[ X i3]

[ L 2CEEA]
(FEPIFES]
izt
[ K4 X i34H#])

[EELHEA)
[zAEE)
Cigian
[ K4 X i34in)

EEL - A
[E%E 5]
|Cigiimm
[% X ida)

[EE L 72CHEA]
[F31FE=)
Cigiimm |
(4 id#)

[FEHE D FIR])
[FREEES]
[ 4:48)

[ o B §#)
(4]
(4]
(4]
[it4]

[BEZERES]

BEEE2005—-227457

100115059
AL mE
100115691
325 A
100117581
—E =i
100117710
FHE i
100121728
HEE BT
100124671
IS
100131060
il Eh

014409
16, 000

SRR O 1
HHAIE 1
MmE 1
ZHE 1
0505962

Page 72 of 192

2/E

HEER¥2006—-3009285



'@
,

B2 005-227457 R 1/

(T84 HrEkKOHEBE
[FEkE 1]

EAROEEFEB IR EN-GFEES— MERIE L .

FEESSEXRsy— MegE LIRSy — P EBEE.

By — FPEBEORE ISR INBEET A Foxr—LEEMR.

MaBPEES - MEBEEERRE Y — FEBEOTH 2 SRIGEEEEY A Foyr— VDT
il F CEBEMICERINTEY,

BEEBEXS — MERBICB T AHEBEET A Py — VO TRIEBROL 2 ED
—HoDESIE., FILEFERSY— FMEFBEICBIT ARy — FEBROTHEROER X
DH/PENT L2 E T2 PERER,

[FFkmE2]

FEORIE 1 WSRO FEMEREFIIBWT, .

BIECAERRMEY 4 P+ — i, BIEE7 — PEBOAEICER S NIE 1 OBEEY A F
T4 =&, RIS — FEBOREICHIEKSE 1 OMEBEET A Foyr— L EANLTHEES N
IE20FHETA NI —N SR D,

BEEFEES— MEBEEREE S~ VP EBEOTHE»O/EE 1 OBEEY 1 P x —
VOTREF CTERBICEREINTBY.,

MEEESBEERS - MEFBEICB T LHIELE 1 OEEEYA FY r — VO THIEBROE &
. BIEEEFEES — MBEICB A8y — FEBROTHEBOES LI D /SN
E R E T ERKE,

[FEkmE 3]

FARKE 2 KEROYEREEBIIB VT,

HEEEEE S — MEEBEIIREE 2 OEFET A F T4 —VOTHEICEER IR T
W LR E ¢ EREE,

[F5kmE 4]

FHOKIE 2 ICEEBOFEREBEIIB VT,

FitBSEEFR T — MEBIBEIIREE 2 OBBEY A Fyx — VO TH T CEENICIZK
EhTsy,

HEEFTEES— MEERICBITLHERE 2 DHREBENEYA FU+ — VO THIEBEOE X
3, FIEEFERS — MEFEICBITLEIELE 1 OEFEET A MY+ — VO THIEBOE
SLFAETHL I EeHFHMETHIERERE,

[5kmE 5]

FARKIE 2 ICRETMOFLEREF ICBNT,

HEEFEES — MEBEIEE S — VEBOTH > SIS 2 OMESY 1 P+ —
VOTENE TEBRHICERINTEY,

RIREEFEES — MERIEICBT 2RI E 2 OBBEY A FY 3 — VO THEHEROE S
X, BIGCEFERTS — MERBEICBITLHIEEE 1 OEEMET 1 FY + — VO TRIFEEDOE
SEDHNAZINCT EERHEETLIELER,

[FEk1E6 ]

ORI 1 KRS EREBICB VT,

RISCABREME T M4 FY x —Lid, it — FPEBOAEICER ENZE 1 OKEET A F
YA =&, MKy~ FEBROEEHICHESE 1 OBBEYA FY+—VEALTERES N
E2ORBET A Ry — bk,

AR ESAERT — MEBZIEIIEIEE S — FPEBROTH A SEIEESE 2 OMEBFEEY 1 Fo + —
VOTEE CERHICEREINRTBY,

HEESFERS— MEBEICBITAHIRE 1 OESEMET 1 FY + — VO TRIEROE X
3. FREFEERS— MEBREICBUI SRR — FEBROTHEROERLREETH D,

MR SFEXRS — MERBEICBUI DRI E 2 DHBEEYYS FY + — VO TRIEBROE &
. AIEEFERS— MBRRICBUT 0157 — FPEROTHEIEBOE S LD hE N
ML T L FERER,

HEEf¥2006—-3009285

Page 73 of 192



‘V‘

FBE2005-227457 e

\
“
.

[FEkE 7]

FHRKELI~60WVWThr 1 HICEEOFELAEBIZB VT,

A EFEES — MEBREOHIHHIC v FHARITONT WS Z & 2458 L 3 5 FEE
i,

[FEkE 8]

BERELI~70VWTND 1 HIIEKEOFEEREEIIBNT,

MEER LML EFERY— MV EFELOMICN Yy 77 — BB EIZFITIONTVWE I &
PEHMETALEARER,

[FEkEH 9]

ARE S ICEBROFEMLREFIIBNT,

RGNy 77 — BB ) a VBBILE G a v BEELETH A E ¥ HEHMET S
FERREE, :

[EkE10]}

FRKE1~90WThDy 1 HIZAEROFLELREBIZIBWVWT,

gy — PEEI, EEEF VI A FIESNATNVI U A F5Xr— b EBTHE I &
TEBMETARERERE,

[FEkE1 1]

EWOGEHEREICEFEXRY — MEBEEYEETA2TE (a) &,

MEESFEERrY— MEBRELICFr— VEBTERTA2TE (b) &,

RIEE LA (b) ORIC, BIEty — FEBOMNAIIN BT ARIZEESFIERY— M ERIEY
Ty F L THERBALTAIE (c) &.

BIEE LR (c) ORI, iy — FEBROEEICHEZEMEY 1 FY -V EEET 51T
(d) LZ2MBATVDBI LM ETLIEREBORE .

[FEkmE1 2]

FEREL 1 ICREBOFEREBOREHFEIIB VT,

Bzt L2 (d) &I, sisEBEE YA Fyr — Lol E T SRS FEEXRS—
MEBELBETAITIREAMATNLE I L 2L T EKEBORE T,

[5°kmE 1 3]

BREL 1 IREROLEAKBEOREFEIIBVT,

BIECHEFEET A PO+ —VIEE 1 DOEBHETA P+ — NV EE2 0O@EEY A VY 4+ —
NEPrHRD,

BISE LA (d) E. FiddYy — P EEOHEICHRE 1 OEBEYT A Py + — Vv EEKRT
211 (d1) &, $idt7— FEBOMEICHIEEE 1 OBEBFEY A Fy+ — L EAH4LTHI
AE2OMBEET A For— L2 BRTAILE (d2) £x&L I L2558 35384
EKEOBE
[GEkE1 4]

FEKIE ] 3ICEEMOIEREENOHEFEITBWVT,

B LEE (d1) &R (d2) LIS, BIEEE 1 OEEMEY A F7+— Lot
BT EBT AR EFTERS — MEBREEZBRETAITREREYSHIMA TS I & 25 # L
T 5 EAREBOREHE,

[FEkE15]

FARE]1 SKEROFIEAREBOREFEIIBNT,

AIEE TR (d1) EHiEEIEE (d2) LoRIC, MIEEE 1 oBFEHT 1 F7+ — Lot
BB T AN ES Ry — M EREY T v F 7V L TELIIHEEL T A2 TETH L.

RiGE L (d2) LD BEIC, FIRE 20BBEY A M7+ — L OANENIIHAE T S EIE
EPERS - MEREYRETAITELESIBATVAZ L 2R ETHLERERD
BEH .

[EkE1 6]

FARE1I2., 141500yl HICKEROPEAREBEORBEHEIZBWT,

RSP ERYSy— MEBRBEORFE., YTz by F Uy 7 EFHWTERBMIZITODNE Z

HEER¥2006—-3009285

Page 74 of 192

2/



BEE2005-227457 P 3/E

EERHETAIIEARBORES .

(35°k1E 1 7]

HRKEI1I~1600Thr 1 BIRROPELAZRBEOREFEIIBVT,

AL (b) F. MRy — 'EBOLHE 2B )REELERTL2TREEAR.

BIEe T (d) £ b#iC, BIEEENE YA FU + — VONEICHIE T % RisCiG R
DEEEFIIYA FEL%, IR REREZEBEL. 20%, Mty — PEBEBET 7LV YY)
YA FILTALRETESIHRATVAEZ L2 BHMETILEREFEORE LT E,

FEokIE 1 8]

BRELII~17O0VTIAD> 1 BICEROFPEREBEOREFEKIZB VT,

BIEETHE (a) X0 LENC. BISREMERLEICNYy 77 —BRBRE* R TAIREY S L
2 R

BiEE T (a) TRITEEEEBREICHE Ny 77 —BBEZ AL CHEESFEET —
FMERE AR TS RS E TS LEREBOBE N,

HEEFF2 006 —-3009285

Page 75 of 192



BEE2005—227457 | ~— Y

[EF5e] HAE

[ZHOLH] FEBEEEBRUFORERE

(€5 ipanig)]

[0001])

AZERIE, FEAXEBERUTZOEEFE, BAMICIEIMI SFET (metal insulator
semiconductor field effect transistor ) OWEERUEEHFEIICEAL, FICTMISFE
TOREBNRUEEEZM LI S2FMICET 5,

[ &4k

[0002])

W, PEARERBBREBOSERL. BREBILERVUEERLIELZL, X5 —1) » 7HI
-T2 A5 33 (Extension ) OEEESFEE*EL{(THELEERIZ. MISFET
DY — rEFIEE L THBFERIT4ABEEDNS 1 O ROEBEICA X TH { REEE i
Al ZBIOSEOLFTEEN 1 OULOFFERRERL*HAVI ) E LTS,

[0003]

16 (a) RU (b)) BENFNEROEFEERS - MEBIEZFE-/Z-MISFET

OBEZRIWEXKTH S CGEFFXEN]) o
[0004]

16 (a) WnTEHC,. BER101DEMERTHZ2 701 021BFSHSTI

(shallow trench isolation) 1 03 ko THINAHEHEBO LFIIESRZEERY— FEHE
104 A LTH—FERBRLIOSH»EEIN TS, F— FEMK&]1 0 5 ofimICiZiazkE
DHFAFRTI+—=NV10T7THFEEINTVE, Tz V102ICBTFE2HAF7+—1107
OTFEICIZTZ ATy a EE1 1 0 EEINTwSEHIZT L1 02ICBTE T
PAF L avEB1I I OOTEIICIEAR,y FEBL 1 12BEENTWE, 721 0
2BTFAY—PFPEBIOSPLATIZ /ATy a VEB1I 1 0RURS v MEEL ]
1OAENICIZY — R - FLAVHEEL 1 2AERENTWS,

[0005]

K16 (b)) IZARITHENLKLIGE (a) WKRITBELEL->-TWVSLHHEIEE., F— FERE 1
OSPOEEIZHA FY+—L 10 7THEFEHEOF 7Y P A FY+—1106%4LT
EEENTHWEIETHE, INICEY, Y~ PFPEB1I0S5E 7 RAF g V4EBL 1
0,DA—N—F vy TEORBEIERESICHDL I LHFTE S,

[SEsFErocmi 1] E LR, [SiHEE - BEEM L EH T 5 HISION-CMOSHAT | . Semi
. Forum Japan 2005
[E4%s5CHt 2] T.Hori. IEDM Tech. Dig. . 19894E. p.777
{JE4%8Fc#k 3] H.Sayamafth. IEDM Tech. Dig. . 20004E. p.239
[ D BER]
[BBEAF;BHERL L H &4 28HE]
[0006]

LPLad o, #ROBHFEXRT— "EFEELFE-oT-MISFETOFEEICIBWTIL,
EFERS— FMEFEOBBES YA Fyr —VICEBEL WSO, FlziEry)ar
BLESE 2O %5914 FY7 4+ — VOREKBICEFERSY — FEBRBEORRIOMEAS i
O2 ICEDKEFEOHENIEL S, FOER., Y~ FEBHDBICBVWITEFTEERS— Mk
BEOFERETREBEETIGIERIEN, ZRICL > TFNA AEESRT — FERE
DEFEEI EBEALLTLE S,

[0007]

BIRCICEA. AEHIZ, SFEF /I - MEBRELZ2 LML Y22 L MISFET D%
HAmEIELT T EHMET S,

[(BEXBIT L7100 FE]

[0008]

REDHEHWEERT A0, AEEHEZESIX, YA FY+— VOTHICEFEXRS —
MEREZRAFAIE, FRICLIVEFERSY — MEREORIRI LTI Fo+ — L LR
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AL L7 MI SFETHBERVZOREFELZBRATLIZIE 72, EIAT, 4 F
A - LVOTREICEFTEERESY - MEEEZRFIE-HBEICE. Y=+ FLA VY HEHORE
B LR LCEREEICEZENE LS, T/, ZOBE. T2 XAF 3 YiEARLD
D (lightly doped drain ) HA*ERTLEBIC. EFEXELNESERETLF >~
FAZITOLEIF DL, OB, UTOEHIZI>TEAMBIALF-IFELL 2570
 EAFTHYORIFAEMNDIEFDHFIKRKEL LoTLEWV, EWRZLE, 27 A7
3R LDDOBEEMENFEL ZoTLEWY, FOME. AIZDOTF NS 2FEENBONE
<&Z><\‘_'11"‘)Fcﬁ%7§§éf_uéo

[00009]

HE1l) Y- MBEREL LTIEFEEZTHVLGEES. BEE*E LA TLHREOFE
BEBONLED, REFESERESINS,

[0010]

HH2) SHEZREEIESCELTEATVE O, FAA A DR p (Projection Ran
ge) BNEL %D,

[0011]

FZT, AFEEHESE, YA P+ — VO THCESFERY— MEGELRESTH
DA Fy 4+ — L THOEFEERS, - MEBEELZ S - FEETHOSFEER T — MEEE
FVLEFLRELA-MI SFETHERVFOREFEZEH I IIIES 7,

[0012]) .
BRI, KEHICHRLIFEAEEILX. BROEREREICER I :-SFERT —

MEBIEL, SIS ZEE - VEBIELICEER I NS — FEBE, By — PEEBD
BEICERENTEEET A FY s -V ESHEZ, SILEmBERS — MaREERETY —
FEBROTH P SEIEMBHEET A Fy+r—IVOTH I CERPICEREINTEY., BItE
FERSF - HEEFEICBITARIEEEBSETS P+ — VO THEBOL 2 E D —EH5D
BEXi, fidEsFExy— MEEICBIAHRK, - FEROTHIFEBOE S XL ) L/
vy,

[001 3]

ARSFEHOPERIER ICB VT, WEREAEEYT I Foyxr—id, Bic7— PEEOHIHEIC
FEREINAE 1 DOHRBEEY A FYr— e, Bty — PEBROBEICEEE 1 OMEMEY
AR NE2H L TEEESNZE2OHBHET I F7r—VEPLLRY | FIEEFERE
F— MEFEZRIGER S - FEBRO TR LEIESE 1 OEET A FY+— VO THEF TE
BHICEREINTBY., FiiEFEX/Y— MEBREICBITARINE 1 0#EFEEY 1 Fo x
— VO TRIEBOE R, IS FERYy— MBBEICBIT LRIy — FEBRO THIGEE
DEEINIPELTD vy,

[0014)

BIECHEBHEYT A F 7 4 — VIS 1 OEFEET A Fo 4+ — IV EEiRE 2 OMEEY 1
Fo4—nehobEas, MG aEr— MUBEIIEIERE 2 08BEET A F Y+ —
NVOTREIZEEE SN TR LT X,

[0015]

BSR4 P74+ — LA RIEEE 1 OMEMEY A4 P+ — NV E RIS 2 oEFEHEY 1
Foa—NERLL2AEE. FIREFEXRY - MESFEEZHEXSY - FEEO TR SEIE
EB20#BHEEY A P+ —VOTHETERMIIERZINTEBY., BicdESfEaRsy— M
BEICBIAFEHE2ORBHETA FY s — LOTREROE X Z. fitsSEE8Ry—
HEFEICBITA2PSHE 1 DHEETA Fy+ — VO THEBOES LRIETH-TH I v

[oo16]

BIEEREET A F o — VO HIieSE 1 OMHEEY A P+ — VLRSS 2 OEFEYT 1
Ky —nERbibBE,. MEESFTERY— MIBEIZFIR Y — FEBOTH D SRR
E2DMBHEY A Py 4+ —VOTHEFEF TERMICEREINTEY ., FIBBEERS— M
BB DRERE 2 ORBREY A FY 4 — VO THEROE 213, MiE&EHFEXS — b
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HEBEICBITARIEE 1 OBEEY A FY7 s — VO THEBROEZI I L/AELTH I

[0017]

AFEPOFEEEBICBWT, RIEEBREY A P+ — ik, fiEd7y— FEEOAM@EIC
BRENIE L OHREET M P+ - &, it — FEEOREICEIES 1 OEFMET
AR+ —VZHLTHEEINLZE2DORBEET A F7r— e R D, BIEFESR
— MEFREIIER S - P EBROTHALRIEE 20EET A F2+— VO T Z CTE
EMICERESNTBY ., fRESERY— MERBEICBIT 2RI E 1 OBEBEREY A Fo +
—VOTREBROE S, HEKESFEERYS— MEFIRICB T 2857 — FEEBO TRIFAEK
ODEILFEETHY., RIEFTERY — MERIEIIBITAHILE 2 OB 1 Fox —
VOTEEROE S, FEEFERY— MBEEICB T LRS- FEBOTHERD
EIXLh AL TD Ly,

[001 8]

AZFHOLEREBICBVT, FIRRSFEXS— MEREORIRIIZ/ v FHRITHN
TWTH vy,

[00109]

KIEHDLEERERB BT, AIRRERENEESFTERS - MV EEBELOBIINY 7 7
—HEEFRITONTV T XV, TOBAE. RISy 7 7 —#EBEIZ U o0 VEMELEX
BT aYBEETH - TD Ly,

[0020]

AREOEBHREBIIBNT, Bit7r — FEEIZ. EEES )Y A Fleahiz-7r s
JH A F7Xr—FrEBBTHo>TDH Ly,

[0021]

ARBIFELFEEREBOREFFE., EROBEEERLICEFEERS— MERETZE
BT AL (a) &, MIEEEFERS - MEBELIZF - PERYER TS TE (b) &
. BIEETRE (b) ORIZ, By — FEBOMEIICNET AL EHFEES— M EBEEL
Iy Fr7LTCEBREILTSZIE (c) &, BIEETHE (c) DK, RIS — FEROHIE
WZABFEMY A For— LV EERT2TE (d) EEmxTwb,

[0022])

AREHOLEREBOEEHEICBWT, BIEELRE (d) DFEIC. RIECKEEEY A FY
+— VOB T 2L EFTERS - M EBEFRETLIIESHEL TVTH v,

[0023]

ARFEHOFEREBOEEHEICB VT, RIEEEEY A FY+ —VI3E 1 O@EMEY
AFY+—NVEE2OEREETFA Fyr— Va2, BIEELTE (d) E. BiEEYy— b
BHEOMEEICHISE 1 OBSEETF 1 Fy+— L E2ERTHTLRE (d1) &, ®Eyr— V&
BWOBEICEEE 1 DBBHEY A Fyr— Va2 NA L THEE 2 ORBHEY S FY+— L %
T AHITIE (d2) E%&EATWVTYH Ly,

[0024]

BISE TR (d) ARUSCLAE (d 1) LRiseIR (d2) L2 &ELHA. AL (d1
) LEIEEIRE (d2) LoMic, IS 1 OB A VY — VOSINIZAES 55150
BRERSY - MEBEZBREITLIIEXESITERZTVTD Lv,

[0025]

BiECTAE (d) 2"EiEe LA (d 1) LRI (d2) & #&LH4Ee. Mt LE (d1
) LRI (d2) Lofic, siscE 1 OEEEY 1 F U+ — VOSNEIIZAE T 2RI
EEERS— MEBREY Iy F UL TESLICEREILT A TR MR . BT (d2)
LD LBIC, BIDE20BEI A Fy+—LONIICMNET2HEEREESY — M E
REBRETAIIE®*ESIHMEATVTD Ly,

[0026]

AEHOFEREBOMEHFEICBWT, AILEFESRT — MEBREOKREE, vz v
Py FrreBWTERBICITODRTD L\,
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[0027]

KEWHOPLEEREBOREFEIIB VT, IR (b) &, RIEES— FEBOLHE%
FOREEAIERTA2TIEEZEA, BILIE (d) L RIS, BIEKHEBEMEY A Ko a —
VOB LB S HRIEESEROKXEZ >V 4 FEL-%, AitR#EEsREL. #
DE, BMEy — FPEBE IV H A FETE2TRELIHICHATVTD L,

[00238)])

AEHOLEBREBOREFEIZBVT, BIGELE (a) £V baETIZ, BIEEEMERLE
Ny 77 —#EBE*TERTATRLEOICHA. BIETE (a) TlIXeisEMEm s
BIEE/Ny 77 —#BRELZ AL CHRESFEE S - MEFELTERL TD v,
[ZBDO%hE]

[0029]

AKFEBRIZLAE, F— FEBRBOTHEI»POH A FI 43— VO THEETESFEERY — M ES
BEASERMICER ENTWED, EVERZILE, ¥F— M B TOSHFERS— MEKEIE
DEFHIFHREEINTVE D, BFEERS— MNMEFEBEOR RS S Fy+s—VELE
BEIACLICERTS., F— I mBTOEHERS - MEBRBEOFERIKT R UHEENE
BT TEL, T2, Y41 ¥+ — L THOSHEEERY — MaEE 7 —
FEBRTHOSFEES — MEBEINVDIEIFHRL TS D, — - FLA VYEO
BEEOLAZHH L CRBREE~NDOEEEBI KRBT LIENTEDL, 852, TV AT~
YaviEARLDDEAYERTIBIIAE T 25FEXREOREEIFE W D, FANMHE
IANF—DOERKEIGTEL, #oT, T2 X573 »RLDDIZBWTEHRWVWESY
BHIIERTELDT, FNAAFEEHOBEZE D R\,
[REE2ERT 2 7-DDOREDOFEE]

[0030]

(%81 DEmEE)

DT, REHOE 1 OFERBEBICHELZFEREBICOVT, MEALXSHBLAFOLHET
5, M1id. £1 OEMFEICIHEL PLERERE (BARICIET YAV Fys— LB
MISFET) OBE*RIHEXNTH S, M. AE/BBEETCEnBEMISFETTHV
THBAT A, ZFEHEZF pEMISFETICHEALASBSCLFBOMELTHRL I ENT
x5,

[0031)

BIIWCRTEIIE, HRZEY)ashohdERMI BRI pE Y2 L2I281F5
STI3WE-oTHENAEEREBO LICEFERS - MEBRE4ATHALTY— MER
SAERSINTnE, F— FERBRS OAEICIIEHEFEEOTA FI+— LV T7THFEERINLTY
Bo pEIY N 2IZBITAEHA FY+— VL TOTFTEICIE BT A5 2 9 V4EE1 08
R INTWwEERIZp R V21 BTSAnBI X723 V8K OOTEICIED
BIARAY Y FEEBL 1R ENTWE, pEIT V218725 — FERS PSSR TnHE
IZRFUyaVEEBIORCpEESSy FEE I 10MAEICEnBIY—-X - FL A V4HE
W1l 2HBEEEIN TS,

[0032]

AEBEEDE 1 OBHIE. Y — FEBRSOTHOALZSLSTHA Fo 4+ — L 7OTFHENIZ
LEFEEF— MNMBEAADPBELTVWAIETHE, Thbb, BFEEXRF— ME
B4ABZTY—FEBSOTH»SH A F7— LV TOTHE T CEEMICEREINLTVS,

[0033])

T/, RERBECE2 ORI, SFEFES - MEBRE4AIZBITILZH A Fyr—n
TOTHHEBOE L, BFERS— FMEFE4AICBITL25 - VEBRS OTRIERDE
LDV ETHE, T4bb, BFEFRS— MEFE 4 AZNHBRICER SN T
w5,

[0034]
AEBEEICLL L, SFERS— MERE4L ADFWEYS A FY+— V7 LTS
e, - FEESmETOEFERS - M EFE4 AOEREIHREIN TV S,
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DD, F— P EBSHBRTOEFERY - M EERE4I ADFERETRUEEMEET
P T A ENTELDT, F54 ABHOERTRY— M EFZEEEEOHILLHIET
LHIENRTED,

[0035]

Fi, KEBVECIZE, 41 F Y+ VTOTHIEESZERY — N EEE 4 ADHE
ETAHILIZEoT, Y — FEBSHBEE TR Y- EWS EnB T A5 3 V48
H1O0LOMOBEERKEN»ETY, ZOER. 8vnsy—F - FLA VB -7 v 7HE
FBALAIENTED CGEFHFXH2) o oT. A AFHOMERTFRY FEXx )T
FEEOB L FERICEN S,

[0036]

—FH. REBEEICBVTE., Y49 F 7+ — LV 7OTEICESERY— MEFE4 ADS
HETAIEICED, IC, Y~ FEBS EnBIY—R - FLA VEERL 2 EDOBOBERE
DERENPFEEL, FNIZLoTHBREEDETIAL - EINATEENH S, LA L. B
FEDE I, KREMIEREICBVWTIE, Y1 F Y73+ — V7T THEHOEFERS— MEBE4 A
- rEEBS TROSFELES— M EBEAAIVIECERL TS D, ¥— b -
FLA VEOBEEOLFUOVWTIIEIBERNOELE TG T L2 TE 5,

[0037]) ‘

DLEICHBELZZE DI, AEBBREICISZE, EVWICP L — N+ 7ORBRICH 5754
A - BB E S — MESRBEEEM L FHICKE(ALEEEL I EHFTTEX D,

[0038]

(1 0EHREEOELH)

DT, ZBEHOE 1 OERMBEOLEELICIHESL FEREBICODVT, MEAZSHE L2
LHHETLE, M6k, F1OEREEOEEMICIHRSL FEEXEE (BEAMIZIET Y7Ly
A FY+—NVEOnAMISFET) OEE2RIBEKTH 5,

. [0039]}]

AERBENE 1 OEHBELEEZo TS EAIF, M6IRT LI, ¥4 Foy+—17
DEBBOTENICNEBETAESFEXERS - MEBRFEAAD—HOZT WV EFERS— M ERE
4 ADHIERE T / v FIRICHVELZEIZED, /v F20RIToNTVWEIETHS

o

[0040])

RKERBIZEDE, “— FEBS EnRMY—R - FLA VEERL 2 LOBOEED LS
AT INREE~NDOELZE L I )BT 22 L5 TE 5,

[0041]

(%2 DEREEE)

LT, REPHOE20ERPEICERIFLPELAEBICOVT, MEESB LA SHEAT
Lo M. BlIOEREENF SV IAVIFA FI+—AVEOMISFET2x88 &L TW/D
X LT, BE20E/EEE. Y— FPEREIZ IV AF T 3 VEBEDHOF —INF v 7
EOBRBILEFHNRT VI ALY A P+ —LVEOMISFET GESE®HCH3) 2542
ET B, M. KEMBETEnEMISFET#HWVWTHNAT LA, AEHE2pAEMIS
FETICEBAHALAZBEIILRKOMEZH/LI L TE S,

[0042)

M2, B20EMBERIBLIIEREBEOHEEL RIWERTH S, M2IRT I
. BZIE ) ar o bR LICHEEEIN-p Y 2 L2 2B81FASTI3IKEsT
BHEINAEEEBOLICEFER S - MEEE4BEAL Ty — FEEBS ARSI AT,
Boe — FEBS ODEEICEEBRBEOA 7Ly b AL FY+— L6 2AH L THEBEHEDOT A
Fo 4 — V7B ERENT VS, pEYLL2IIBIFE2F 7Yy b A FYx—N6RKRU
FAFTI+ =NV TOFNFRLOTEHICE BRI X702 a3 V4EE]1 0 BREINTVS
ERICPpHR Y 2N 212BT A nRI I ATy a VKL OO TEICIZp BARS v MEK
11 EREEINTWE, pEIy 2 V2B A - FERBS PSR TnHB A7 3
VHEBIORUpRIERyy FEEL 1OMAEIIZIE By —R - FL A V48] 20K S
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nTws,

[004 3]

REMBEDOE 1 OBHMIE. Y — FEESOTROALZLET A7y b4 Fyxr— )b
BDOTHEHICLEFERS— MEBEABIPERFEL TWEI L THE, Thbb, EFEFE
Y- MERIK4 BRI - T EBSOTHLLA 7y A FY+— L6 OTFHE TEBE
IR STV 5,

[0044)]

I/, REBEENE 2 OEMHIT, BEFERTr— M MERE4BIIBITA2F 71y b A
Fox— V6 OTHEFHEBOERIIZ, SFEXS— MEBE4BIZBITE75—FYEBSDT
HIEBOE LI N ISV ETHE, Thbb, BFEES— MEFE4 BizHEIKIC
ERENT WS,

[0045])

REBFREICIL L, BFEFES— M EEE4 BORmHT L 7y A4 Foyxr—
6LETEILELRL, Y- PERBSHBTOEBHERSY — MERE4 BOEHREHIFS
NTWVi, T0D, Y= FrEBSBHR TOEFEXRSy— M ERELIBOFERETRY
HRHEMIETEHFTAIEDSTELZOT, 74 AFHOETRS— MaZEEEEDS
IbxBhiET 22 LA TE B,

[0046])

F/o, RERBREILLILZE, A 7Y P A FY+— L 6D THICESERY — MEF
EABPHFEETLZIEIICELoT, Y- FEBRSWMBEETIET - FVEES EnBT /s X T
Y aviEE1 O LOBOBEEREENREND. FOER. BV TY—F - FLAVEA—N
Ty TEBEBDLIENTEL GEEHFXH2) . o T. TN ZAEMHORERTEF Y
Py ) 7EEEONEFERICKNS,

[0047)

X510, KERFBEBIZLIZ2E, A FY+— LV 7TOTHEIZREREEY— FEFZEE4 B
PELELZVWD, F— FEES EnBIV—RA - FLAVEB] 2 EDOEOBEED LA %
EHINELHZEZIEDNTELZDOT, FEBFEEREZFNIHES OIBREE~NOEZEL
BRI T A EDTE S,

[004 8]

PAEWCEB LX) IC, REBEREICLILZE, BWIMNr— FF 7OBRICHZ F/N4
AEH - OREEES - MEBIEEEE LA RICKELMEIREZIENTE S,

[0049]

(E2D0ERBENE 1 ERH)

LT, ARHDE2ODERKEEDE 1 BEFAIFRIFEEREEIZOWVWT, MELSEL
BHELHBET L, M7k, £E20EREEOE 1 BRONIRZL FLEAEE (BANIZIZSY
TAHA Fo+—LVEOMISFET) OBE*RIMEARK TS 5,

[0050])

AERBIVE2DERTRELER > TS EIF, 7RI LI, 7y A F
T+ — V6 DGO THEICNET2EFEFS - MEELIBO—H2F VEHFEES
— MEFIE 4 BOAIRESEET / v FIRICHEYERELS I EIIZEY, Vv F208FTohhTRnS
TETHB,

[005 1]

AERBICLIZE, Y~ FBESEnHB Y- - FLAVERL 2 EOBOBEED LR
KEATAIAOREE~NDELZE > I ) —RBIHI T LI X TE S,

[005 2]

(B2 OERMBEDE 2 ERH)

DT, XREOE2DERELEDOE 2 EEFAIHELIFLEREBIZIOVWT, MALTESEL
LZHELBATL, M3k, E20ERBEOE 2ERFAIIRLIFIEFREE (BEKWICIZSY
TVHAFT3—VEOMISFET) OBEXRITHEARKTH %,

[005 3]
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AEBINE 2 OERBELEEL>TWVEHE, Y~ FEBRSOTHRUA 7Ly b
AFT7 - NV6DTFTHOALLTHA RN+ —VTOTHICLIERERYY— M EFZE41 C
PRELTWEIETHDE, Thbhb, BFEXES— MEEE4CR TS~ FPEBSOTH
POFARFT+— NV T7TOTFTHEHE CTERMICERI L TVS,

[0054]

M. REEFAICBVT, 4 K+ — LV 7TOTHOERERY— M aFE 4 COBEE IR
A TEYMIA N V6D TROEFERF— 1 HEBRIKE4COEREELFERLTH 5,
Thbb, BEERS— MEEE4 CIIMBRICER I TV S,

[0055]

RERBIZIDE, BFERS— M EFREACH S — FPEBSOTA»SH A Fy 4 —
NVNTOTHEE TERBICERENTWSEZD, 7y b A F7 4+ — )L 6 OIEHAIEEIC
HOWIEAIZH., BFEXSY— MEBEE4 CORBEHIT A Py — V7 ETHI ERL
VT FEBSRMETOESEERS - MERIE4A COEFEMZHBF T LI LN TESL,
DD, F— FNERSBBTOEFTERY — MEBE4L4 COFERETRUEREET %
BT I ENTEEZDOT, TN ABEHOETRY — FMEFEEEEOHILERHLET S
ZENTESD,

[0056]

BL, ZEEMAICBVTE., B1OERMPELFERRKIZTHA FI+r -V 7OTHICEFE
TS — MEBRIE4A COPFAET LI LWL, Y= FEERS EnBlV—-X - FL A VEEE]
2LDBOBEED LENRETAITRMESD S, LAL., BIRO XS, AEEHFIZIBV
T, A FY— V7 FTHOEFEXRy - MEREA4CE2 7y — VEBS THOEFER
F— M MEBEACINIELEEL TS D, FEFE FERUFRICES EBREE
DELZEXIHTLIENTE S,

[0057)

(B2 0EMFEDE 3 LB

DT, ZARPDOE 2 DERVEDE 3ERMICHELILEFEBICOVT, MEAZSEL
BHELHATE, M43, E20EBREDOE IEEFAICKRLI LEFREE (BE4MNIZIEZSY
TVHAF+—LVEOMISFET) OEEFZRIHERTH %,

[00538]

REBFADPE 2 DERTELEL>TWEIE1OEIE, Y~ FEBSOTHRUTA 7
S A F Y+ — V6D THOALZLTHA FY+— NV TOTEICIESFESRY— MaHE
BEADIFRELTWEIETHE, Thbh, BFEXRS,— MEBE4 DIy — FEES
OFE»SH A F7r— NV 7OTH T TERNICEREINTWS,

[0059])

RERBIVE2DERBRELEL>TWVLIE20O8E. 7€y P A K3 —L6D
THOBSFERS - VEZREADOEEY, Y¥— VEBSOTHOEFELRY — M EFE
ADDOBEELFRIETHILIETH D, M. YA F I+ — L T7TOTHOEHFEERS — MR
BADOEER, Y— FEEBSOTHOSEFERES— MEBRE4DOERE I D /3,
Thbb, BFEEFES— MEBE4 DIEIMNMBIRIER EIN T 5,

[0060]

RERBICIDE, BHEERY— MEFEL DI Y — FPEBSOTHISY A Fo s —
VTOTHEE TESEMICERINTWVELD, A7ty FH A4 Foyx+—)L 6 DIEAFREEIC
BFOEAICL, BFEXS— MEFEADOBEIRESE YA Fy - VT 8T HI RS
VT rEBRS R TOEFERS - MEBREADOEGE ST T A ENlTTE S, &
Dz, F— FEBS MR TOESFTERY - MBE4ADOFEXRRTRUEEBET %
T ENTELZDOT, FN4 ABFEHOETRSy — MMEFRESEEOLILEHILET S
ZENTES,

[0061)]

BL, ZEEFAICBNTE, B1OERBEELRERICTHA Fo+ -V T7TOTHICEFE
Y — MEZEADPFEAETAIEIIZEIN, ¥ FEBES LB Y- - FL A VK]
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2LDBOBED AN EETLZEEEED S, LAL, BIEDO L D IT, KERFAIZB W
T, ¥4 F9+— V7T TRIOEFERY— MEFE4D* 7 — FPEBS TAOSHESR
F— L FEEAIDIVLELERL TS D, FEFELARTFNICESD BIEEE~
DELEBRZIHTLIENFTTE S,

[0062])

(B3 DERFEE

LT, ZAEHOE 3 OERMPEICRSILEREBFBIIOWVT, MEXSHB LAY SHET
Do M. E1DEWBEESS VIV F A P+ —LVBOMISFETY B ELTWVED
LT, E3IDEMEREIZ, Y- FPEBREIIATF VI 3 VEBREDEOF—INT v T
BOEBEILAZENRTVWI TAHA Fy+—LEBOMI SFET GESE®HFXE3) »3%
A, M, AEBEBECTCEnEMISFETZHVWTHHET LA, KEBH2»pBMI S
FETICEALABECOIEFOFREEBLIENTE S,

[006 3]

E5i. E3NERMBRICELI FEERBEBEOEEL R IWEAR T 2, 517 T LD
. FAEY ) a o RN IICERENZpE Y2 V21283 5STI3CEsT
BENn/-EEEEO LICEFEFRS - MEBEAEEFA LTy — FEEBS BRI T
Bo F— +EEBSORIHEICIIHEEHEDOT 7Y A FY+— 654 L THREEDOY A
Foy4—NVTHPEEENTWE, pBY V212835 F 7Y P A F5—L6 RV
AR+ VTOFNFROTAECE NI A7 3 VHEIE]L O ERENLT 3
CEHCPpEY N 2ICBTEZnMI I AT T a YEKR]L OO TS p BAES v b ER
118 ENRTVS, pEIT LV 2ICBITET - 'EEBSPLRETnMI 7 A5 3
VA1 ORUpESR Sy FEEL 1OAMENIICIE n BV —RX - FUL A VEEL 2HAEBKS
nTwa,

[006 4]

AREBEEOSE 1 OFEEIE. Y- F1EBLSOTHOALZLTA 7Yy P A F I+ — 0
6RUHTA FI4—NVTOFNFROTRHIICLSHERS - MEBRE4E»RFEL TS
L THbB, Thbb, BFEFES - MEBEIAEZTST—FTEBSOTHEALH A Fox
=L T7TOFEFE TEREMICER SN TS,

[0065]

T/, RERBTEOE 2O, SFEXES - MEBERE4L4EIIBITIEZA 72y A
Fo4+— 6 DTFTREKOEIY, BFEFETS— MEBIRE4EICBI 275 — FVEEBSDT
BIEROEL LD I HEL, BOoBFEXRS - MV EBRBEAEZBIE2H LA FI+—L 7D
THEBOELY, BFERSS N~ MEBEELIECBIEZF 7Yy P A F73—V6DTF
BEBOESIVINENETHE, bbb, BFEXRS - EEE4 EZ 2 E/MH
RicEEENRLTWS,

[0066]

AEREREICLZ L, SFEXRF— MNEBRBEAES Y- FEBSOTREALH A Fox
— V7T OTFTE T THEEMICERINTWVASD, 7y b4 A4 Fos+— L6 OESES
ICEWEESIZL., 558 — M ERE4 EORIBEEAY A Fo+— V7 ¢ESTBEHIER
X F—F1EBRSMHBTOSFEERS - MBEIEDEGEZ R T AL TEX S,
DD, F— FPEBSHHRTOSFTEES— MMEBZE 4 EOFEXTETRUBEEET
FHFITZ2ENRTELZDT, FNL AFEHOERT RS - MEFEESELEOLILEZR LT
LIENTES,

[006 7]

T/, KERFEIZLLZE, A7y P A F 94+ — V6D THRIIIEZEERSY — MK
BAEDPFEAETAHAIEIZL T, Y~ FPEBS W AE TR Iy — FEBS EnBI s 257
Y aVEKI O EDBOBEEENEEND. FOKERE. EnTr—F - FL A VB4 —X
Ty THREBLIILELNTEDL CGEFHFXEL2) o o T, NS AFHOBERT S v
My ) 7EEEOMESFEICNS,

[006 8]
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—F. AERBEEBIIBVWTRE, F10EBEEBLERICYA FY+— NV T7TOTEIZES
BRY— MEBREAEFFET S IEICED, Y- bEEBS E BV —X - FL A $E
12LDOEDBEEDLADPREEL. TOHKER. AIREFEOETHDI /- I NLWEMEIED
5. LAL. IR EHI2, REREEIZBVWTWE, 7y P A FYyx— 6 TET
EPERS-MEBRELEOEE*—BEL LB S FY+— VT TREITEFERY —
FEBRIEAEDOEEZ# S HIZHLLTWSE D, SEFELARTFNICES BIREE~
DEFEXIEFIELHFATAILITE S,

[0069]

DIEWCEHBELZ-XI DI, AERBEEIZLLE, EWIC L — FF 70BRICH 2754
AHEM - OBEME Ty — FESBEEEME P RHICKEMEEEDLIENFTE S,

[0070])

(83 0EMEEOELE)

UT., ARBHOEIOERMPEOELESICERLI FELEFBIIONVT, MAEIEZSHBL LA
HHBET 2, K813, EIDEMEEOLEEFICASL FELAEE (BEANIZIZTY T AT A
FY 4 —LVEBOMISFET) OBEZ2/RIWERKTH S,

[0071]

BEEBIDPEIOERBIEELEBELZ > TWDLEIE, IR TIHIC. ¥4 Fy+—V 7
DEHBEOTRINEBTAIERTEELES - MEBZRBEAED -, DI NEFERY— FE#
4 EDORMSEEY /) v FIRICHVEBELIEICED, 29 F20085F TR TWEIETH
Z)o

[0072)

RKEEHICIDE, Y= FEES EnBYV—R - FLAVEH1I 2 EOBOBEDO LR
CERT2EBEE~NDOELELID —BIH T LN TES,

[0073)

(%8 4 OEFFE)

LT, XARHOE 4 OEBILEICKRLZFELEKBICONT, EZZESB L2 S SHEY
o MOIX, E4OEMPEBIESL FEEKEE (BEANICE YIS Fyxr—LEBID
MISFET) OE4 R~ IWERKTHL, #. REBPETIEInBEMISFET2HW
THBE T 52, AEBLZpAEMISFETIZCEHELAESSIZOFMMOELZIELZ LAT
2%,

[007 4]

AREBEESE | OERBRELER>TVWEHEER, MOIIZRTIIIC, EHRI1 EEFE
BH — MEBEIEAAEORBIC, BIZIEY) I VB LIEN IS Y o VERE LIES /Ny 7 7
—HFEE25ELTRITONTWVBEIETH S,

[0075])

REBPTEEICLL L, E1O0OEBBREOHRICMA T, BN - r— I ERERTE* EFE
RO ZEDFTEDZEVIFEPEONDS, Thbb, EIK]1 LIy 77 —#EE2 5
EFNLTCEFERS - MERBEAATHERTAZIEICE > T, R LICEFEXRY— b
MEE A AYEBEER LSS LT, ER - 7'~ MEBRBEREOLILZHIET A &
HTES,

[0076]

. REBEEIZBWT, E10ERBPEORFERS - MEBRE4ALEKRK1I LM
Ny 77 —#FEE25 %% T2, LaAL, SHIRA T, E20ERMPECEZEEY
— MEFIE 4B, E20E/BEOE 2EHHAOEFTERT— MEZIE4 C., £2DEMK
HREOEIERGOEHFERY — M EBRIE4A DXIIEIOERFECEFER Y — M e
BAEEER]I EOBIINYy 77 —EHEIK2 SZERITTH, XEBEREL BHROIEHIE
ENb, $7-. BFEXIST - MBEREBEAA~LA4EEEFI EOBIINNYy 77 —#EE2 5

FZIFTAHEMDLYIT, F—FPERSLEFEFERTIFT—MBEAA~4ELOBIC/Ny 77—
MEEETRITTD I v, COBRICIE, BFERS— MEBFE4A~4ELICTY -+
EBSFEEERLABELEXRT, Y- FEE - Y- ' EEERTOHILEHIET S 2
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ENRTESL, WL, BFEESY - MBEEIA~4ELERLI EOBII/NNY 77 —#H
JE2 5%% T RIS — FEBS LEFERY - FMEBRE4A~4ELDORBIC/NYy 77
—HRBELERITTD I, ZoFERIcEIUE., R - F— " EBRERER Y — MEEE
S = VEBREBOWMADOLILEHILT A ENTE S,

[007 7]

(%4 DEREEDOES])

DF, REHOE 4 OEBEEOERFNCELI LEREBICONVT, MEA*SHEL LA
LT A, M1 01X, F40ERBEOELESIC/ALZLEREE (BAHICIEI Y7L
YA Fy+—NVEOMISFET) OBEFRITHERTD 5,

[007 8]

AERBDVE 4 DEBHIELEZ>TwE a3, M1 0WERTIIIC, ¥4 Fy+—1n
7TORGHOTHICNET 2EZTEERTS - TEBBRE4 AR NNy 77 —EE2 5 OBRE
MFERO—F, 2F DV UFHEBREFIREOAEHE / v FIRICYEBELSZ EiIZXY, /v F
20BITLNTWVBE I ETH D,

[0079]

RKERFICLDE, Y¥— FEWSEnHEY—X - FLAVEBR]12LEOBOEED LR
ICERNTIEREE~NDEZE> I D —RBHFITAIEINTEZ S,

[0080]

M. AEEFMICBNT, ElO0EBREEOESFEETS - MEE4 AL /Ny 77 —#E
B2 5L DHEBHEBEDRBEIZ, vF 20 %25FIT7e LPL, THIMLZT, BE20DE
WHREODEFERS— ' eEE4 B, E20EREEOE 2EEPNOESFTERY — MaE
R4 C, E2OERLBOEIERFANOSEER Sy~ MEZFEIE4 DX IIE 3 OERIED
BEFEERS-IMEBRIBE4A EOWTNRE NNy 7y —{FE2 5 L OREBHERBIEORIFE I
Sy FERITITL, FERGLEROBEIEONE, DL E, BHEXRS— FEBE
AA~4EEERI EDOBEIINy 77 —#HBFE25%5&ITE ¥, Y- VERS &5
BES - MNEFEAIA~AELORICL Ny 77 —BEELX T X,

[008 1]

(% 5 DERREE)

LT, £EBEOES OEMERE IR LEXEBOREHEICIODNVT, nBMISFE
TOREFE*HELT, ME*SBLLYPSHE TS, W11 (a) ~ (f) X, &5
DERBLEICFRZ L EREBOREHFEOXTRE* A IHERTH 5,

[o082)

T 11 (a) IRTEHIZ.BREVar»osEMRE LI, EF5EEEE
EHBSTI3I%FIRMICEBELAE, ER1IICHLT, #IZIEB (Koy) #FEATSR
V¥—-300keV, F—XE1X108cm?0&BTAF > EATE, CHICLY,
EHEIRE 2B pE T V2R EINDL, SN T, N FANV—XA Py RNEERHDA +
EA (EFAAAY B, BAZAZALF—150keV, F—XE1X10%cm? &
UF ¥ A VERHAOAF Y iEA (EAAAY B, HEALRALF—20keV, F—X&
5X102cm™?) #4979,

[0083])

Ki.E11 (b)) ICRT I, pEYIL21IIBIFA2STI3ICEoTHEASE
MO LIC, Ny 77 —#ZBEE LTHITEEO. 5 nmBEOYY a2 VELE (F
RERE) R LB, BFEXRS - FMEREA L L TR IEEE4 nmEBEDOH IS i
ONE (BLEREREEIZ ] nmiEE) FHBET S,

[0084]

K, B1I1 () WWRT LI, BFERF— M HEBE4 LIHZITEE1IO00nm
BEOTY— FEBMEELS AZEKT 5,

[0085])

K, "= FEBMBES ALYy — VEBREEEBEZE ) LY X MYy — 0 (HRE
B) 2R L7z, UL IA MY —VETAZELTHY — FEBEBMEBES Al LT
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ITvFrT7EFT-oT. 11 (d) IZRTEHIIIC, Y- FPEBS 2T DL, FDOHE., ¥
— F}EESONBICNET AEFERY - MEBE4 *BIRNZ v F U VIl o THEE2
nmiBERET DL, INIZEY, F— 1 EBSONINETA2EFEERS— MEZRE4
PREEE2  mBEITELTLIIENTESL, BFBVWT, F— FEB5E2<AZELT
ERLICHLT, MIRITAs (6F) #2FAALF—2keV, F—ZXE1X10Y¢
miDEBETAFVIEATEIEICEID, nBI/ A7y a3 VEKRL 02T S, #
D, F—FEBS A ZELTEMRIIICHLT, BIZEBEZEFEAIALF—10ke
V, F—XE83X1 08 cm?0LEB{TAAVEATAIEICEY, pBEOES v FEIRL
12K T 5, 22T, pEAEsyy FERL 1 % LAE, nBz 25> 3 V48K
10%FHELTD Ly,

[0086]

Kz, EM 1O LICEEICE->THEES 0 nmiEEOHEBIEZHE L 7oK, UTEFE
LTy F N 2% 75T, W11 (e) ZRTEHIIC, 7©— MEMES OBFIH ITHERZ
O A F+—NT7T52KT D,

[008 7]

KIZCHAF—PEBBSRUY AL FYy 4 —V7%<A2ELTEMRIECHLT, BIZIFA S
FEALILF—10keV, F—XE5X10¥ cm2OEBETAF U EALLE, 6
ZIF1050CEEDBETSPIKE RTA (rapid thermal annealing ) %47T\>.
FEASRHY 2 iEEALT 5, SHICXY, W11 (f) IZRTEHIC, nBEIYy—X - FLA
V] 2RI NS,

[0088) .

DEICEBEL-ARERTBREORERHEIZLLE, E10EHRVEOMI SFE THE (
X12lB) »hEMNEEICERTLIIENTE S,

[0089]

LIAT, BFEEXES— MBEAZESEEXEATVS /D, BFEEET— MFE
4 % BRI LHIEAALT DR p (Projection Range ) 1Z/hE L 2R v, - T,
11 (d) IGRTIH/IIBVT, nBIT /X523 V4EK]I O XiZpRAES v PFEEL
1%2BETE-02, F— FEBSONBICBWIEFEES— MEEE4 ICBDN-E
MICHLTAFT YEATLIRICIE. MBI ANVF -2 KELTEHILE DL, L2L.
AEBIETETS - FEBRSONBIOEFERY— MEBE4 PTERBILIN TS0,
MEZANF-OWRKEIFHTELZDOT, nBITI7X723 3 YEB]1 0ICBWTEVE
BEBEBIIEHRTE, FRICI D FNALAZAFRHOMEZED RV,

[0090])

M. REBEEICBYT, ¥4 FY s — L 7TOEKBEIC. 4 Fo 3+ — )L 7 OENCEAE
B4 285Xy — M EFE4 Y. PIZIE 7 vEBYHAVW:Y 2y b v F U FITERYF
FGATZYF o TICEoTHBRELTHEIV, TOLELE, Y2y b v F U F2HWABIESIC
B, A F 7= V7 ORIERKOTHEICHNE T 2EFERS — MEZKE 4 O—&., 2D
SFEEES - MBE4 ORISR E /v FIRICEYBEWT / v F 2T Thb v, 2Dk
T BHE, Bl OERBEEOERFAOMI SFETHE (M65ME) +HEICEHT S
ZENRTED,

[0091])

F/o, KREBEEIIBWT, F— MNEESODMHAIILBIIL2EFERT - MEBHE4I OFE
BAEOBRERIFICBHEEENLIIDTIE VY, BFEXRS—- MEFEE4 & LTHIZIETH
SiONEAHAWVEEE. ¥ —F - FLAVHEOBRO L% TA57-01213, ¥ — b
BESONHOSFERS - MEBRBE4 ZEE2 nmEBEUTICERILT 2 ELEKR1
DRBEMABHLZVWE D) T EFFFE Ly,

[00092]

(% 6 DERIEE

DT, XEHOFE 6 OERMTEEIFERLZFPERXEBOREFEIIOVT, nEMISFE
TOHEEFEZH LT, IAZSBLEXSEBAT L, K12 (a) ~ (g) X, &6
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G
-

DEMVEICELI P EEEBORUEHEOZ TR LR IHER TS 5,

[009 3]

FF.E12 (a) IRTIHIC, wAiEs)ar»onsERE 1S, TFHEEE
E%BSTI 3H#BIREGICERLAHE, W1 LT, BIZIEB*EAIRFALF—30
OkeV, F—XE1X108 cm??DEBTAAYEATSE, THICE D, EEFEKRE
LAHpHEY I L 2HAEEENDE, HEVWT, RNV FRALV—A My SERHDOA + ViEA (F
AMFY B, HALANMF—150keV, F-XE1X10%cm?) RUFxFIL
ERBAOA A Y FEA (EALAF Y B, EALZFZLVF—20keV, F—XE5X10!'?
cm™?) #47T9,

[0094])

KIZ. W12 (b) IZRTIOWE, pBEY V2B LSTI3ICE-THEINAE
BEBO LI, Ny 77 —#EEE LTHZITEEO). S nmBENTY o VEALE (X
TRAERE) L. 8FEXES - MBE4 L L THZITEE4 nmBENPH{ S i
ONE (BLEHREREEIZ ] n mBE) *HET 5,

[0095]

K, 12 (c) ICARTEIIIC, BFERFN—MEBE4 LICHIZTEEL1I00nm
BEOCFr— NEEMEBES AZEKT %,

[0096]

K, = FVEBMEESALIZS— FVEBEKERETE I VI A MYy — 2 (HRE
BS) #ER L7, UHL IR IMY - 2T AT ELTH — FPEBRMEBIES Al LT
Ty FrTZEFToTC,. B12 (d) WCRT I, = EESZEET 5. ZDOH. ¥
— FNEBSOMAIIN BT 2EFEXRS— MBRIFE4AZTBEIRNZ y F U Lo TREE2
nmBEERETL, ZRICLY, Y- rEBESONEOEFTEERST— MaBEIE4 2 REE
E2omBETIFTCELIAILNTE S,

[0097]

K. EBEW1IOLEICERICE->TEE]I O nmBEOHBFIETHER L -8, YEHEE
W LTZ o F Ny 2%47oCT, B12 (e) WART I, Y~ FEERS OFMEICE 7
Yy P A PFT V65K T B, £DH. 7€y A FUx— L6 DHANIIHE
TOLEBRERS - M EEEA . Pl 7 vEETHW Y2y b v F U I RIZEIRF S
ALy F o TIZEoTHRETSE, HVWT, Y- FEBSEPFT 7Y b A4 Fo 3 —L6
FTAZELTERIICHLT, FIZIFAs Z2FEAIARANF—-2keV, F—XE1 X1
OV ecm?DEBETAAYEATAIEICEIY, nBI X572 3 24881 0 #BEKT
o FDWH, F—FEBBWSRUFT 7Y P A FI+— V65T AZELTEKRLIIHTL
T, BIZIEBAEALRALF—10keV, F—XE3IX10B cm??0LGETA+E
ATHZEIZEy, pBIER v FEIEL 1 KT 5,

[00938]

R, EW1IOEICEHEICE>TEES O nmBEOHRBREL R L /2%, BEHEHBEE
KHLTEZy F NNy 7%i7oT, M1 2 () IZRTEHIC, F'— FPEERSOHEIICA 7
Ly b A FT -V 6EN4 L THREEDOY A F7xr— V7 2EET S,

[0099]

Kz, ¥— FEWS . A7y FFAFI+—LO6RUFH A FI+— VL Th<TAZEL
TERIICHLT, BIZITAS P FEALRALF—10keV, F—XE5X10%cm?
DEBFTAF EALLE, FIZIT1 050 CEEDRECTCSPIKE RTAZ%iTwV,
EARHY EEEET S, ZHICXY, M1 2 (g) IZRTEHEC, nBIV—Z- FL A1
VR 2R E NS,

[0100])

DIEICHBE L - AEREEOREFEIZIDLE, E20E/RTEOMI SFE THEE (
X 25H) *HEMEEICERT LI ENTE S,

[0101]

MW, REBEREBIZBWT, 72y M A P73 —V6DEHEFEIC. 7y P AF
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A — e OHENNEBT IEFEERS— MEE4 2, FIZE7vEET AV v b
ITovF Il TEETLIRIC. A7y P A Ky — V6 DREIHO TEICAE T
LZEBERS - MEBRE4O—F, 22XV SFEFR— MEFE 4 OfllmIE /v FIKIC
WMOBNT/ v FZETITLI WV, TDEHETHE, E20EBBEDE 1 EEFAOM
ISFET#H:E (H788B) 2HEICERITLIILENFTES,

[0102]

I/, KEBREICBWT, Y— F'EBRSONIAIICBITA2E5FERY— M EFEE4 O
BALOBEIIFICEEEI NI LOTRZWVY., BFERS— MMEBE4 L LTH A IEH
SiONBEZHWLEE., Y —F - FLA VEOBREDOEFZ2MKIT L0121, ¥— |
ERS ONIOBFTER— MEBIE4 P IEE 2 nmBELTICERE/AT 2 ((ELEMKI]
ORKBAEDVEHELEWVWI D) T EXFF Ly,

[0103]

T, AEREBEIIBWT, 7y P A Fy+— V6 Z2EELAHE, 78y by
A FT7x—=N6DHEIHNET2EFTEERY - MEREA4 T HEL, 0%, nB 7 X
T avEE]l ORUpEIAR Yy FMMEI 1 1 2K T E27-DD4F Y EARITo. L
AL, SHICHRZT, A7y A FY+— L6 E2RELE,. 78y FH A4 Ky
— V6 DMHENCERILL-EFEES— MEBRE4A ZRASELRETn B X7 ¥
a VHEB]1 ORUpEARSTy FEEL 12K T L2004 F VFEAZIToTH I, Z
DEHICTLTH, AEBERETEA 7Yy P4 F Y+ — V6 DIMUICNEBET L2 EHFEE
— bERE A PERLESN TV E D, MEIALVLT-—OWMAKEZHH x0T, nH#l
ITO2AF T aEBLOKCBVWTECVESTBSICERTE, FRICX Y 754 2
DEEERY R TV, F/2, ZOBE, nB A5 3 VEB1I O pEFR v b
FEI 1 1 2T 270D F VIEAZRT>HE,. 7y P A FY 3 —0 6 DHMENIC
METZ28FEFr— MEE4E2BREL, 20%. A—EKLEICBIT2M0F v 2 VE]
XBUWOBERZROMISFETOILZAF > 3 VEBRERTEY v FVEBERRT S7-0
DA FVEAEFIT-> TS Ly

[0104])

(8 7 ODERBRE)

UTF., ZARHOE 7T OEBVEICIFEL PEEKEBOREBEHFEICODWT, nfl MISF
ETosl#FE*BlE LT, HEEZSBLEZYLHETSE, 13 (a) ~ (g) X, &8
TOEBEEICERS LPEREBEOREHTEOZTEARTHER TS 5,

[0105]

9. K13 (a) IRT IS, MLV arroiasERE I, EEF0E8ER
EARBSTI3I®BIRMICIERLAHE, ERI1IICHLT, BIZEBEEAISRAILF—-30
OkeV, F—XE1X10B¥ cm?0DEBTAFyEATSL, THICE Y, HFHEHESRE
LAHDHMY L V2K END, BENT, Ny FRAL—A My NERAOA 4 ViEA (F
AAF Y B, BALARL¥—150keV, F-X81x10"%cm?) RUOF¥ 2N
ERADAF A (FAAFY B, FAZARAALF—20keV, F—XE5X10!'2
cm™?) 479,

[0106]

KIZCEL13 (b) IZRTIHE, pBIv V2B ASTI3ICE-oTHBINLE
BWHEBOEIZ, Ny 77 —#BEELTHAZTEE). 5 nmBEENY ) o ELE (K
TRERE) AR LR, BREES-MEBRE4 L L THIZITERE4L nmBEBEOH IS |
ONE (BLBEREREEIZ ] nmiEE) 2HET S,

[0107]

RIZCE13 (¢) RTEIIC, BFEXES— MEFE 4 LB IIEEE1 00 nm
BEOTS— FEBMEBIES AXTERT 5,

[0108])

R, F— FEEBMBESALICY - FVEBRBEHREBZEI VXA My - (KRE
B) R LA, BFLIA M- (3T A2 ELTHY - FPEBMEES AL T
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Iy F T ET-oT, B13 (d) WRTEIC, Y- FEBSEEET Z, 0%, ¥
— FEBES O ET AEFERS - MEBRE4 #BIRNZ v F 72> THEE 2
nmEERETL, ShiZEy, Y~ FEBSONEIOEFTERY — FEEE4 2 RBREE
B2 nmiBETITHELITRILIETES,

[01009]

RKiI, EWMIOLIZEAHEIZE>TEE nmBEOKBEZHE L %, YHEFEIZ
HLTEZyF Ny 7% 7oCT, B13 (e) WARTLIZ, Y= FERS OfIEIZHEZMYE
DF 7y P A FIT+—NL6%ERT 5, £Dk, Y— ' EBSRVOVF 7y A F
Td— VeI VR IN TV LVWEFEER - MBEE4ILTILHICEE ]l nmiEERE
ThH, SNICED, A7 b A F T+ —VoDHAINETLIEFEERY— MMEFE
4ABHEEE]l nmEBEEFIFCHELITAIENTESL, FOFB, Y- EERSRUA 71y
M A FY - V65 <AZELTEKIICHLT, BI2ZIFAsR2FEATRALF -2k e
V. F=XE81X10 cm?0L£LBETAAYEATAILICEY, nB s A5 3
VHEB1 0BT S, 0%, F— FPEBLSRUA 7Y P AFYr—NVE6FT RS
ELTERIICHLT, FAEBEFEAIALF—10keV, F—XE3X10%cm
CPOEBETAFTVEATHIEIICEY, pBRIAESY v MEEL 12K T S,

[0110])

RKiZ, BR1OLPICEHEIZE->THEES O nmBEOMEEE LR L 2%, UZERE
LTy F Ny 2%4ToC, K13 (f) WIRT LI, Y- rEEHESOHE@IZA 7
ty P A F Y36 T LTHEEDOTA For— V7 2FEKT 5.

[0111]

RKIZ, F— FEBEBS5. A7y M A F Y+ — V6 RS A FI+— VT2 AZEL
TEMHRIICHHLT, BIZITAs 2 FALRILF—-10keV, F—XE5X10'%cm?
DEHFTAF VEALE, BIZIZ1 05 0CEENDRETSPIKE RTA%f TV,
FEARHY #EHILT 5, SHIICED,. ®13 (g) IRTEHE, nBly—x - FL A
R 2R E NS,

[0112]

PDRWHBLAERKERTEREOR ERFEICLDE, E30EREEOMI SFETHE (
M58 *»WEBWEBEICEHTALIIENTE S,

[0113]
T/, AEBREICIBWVWTE., 27y P AL Fy -V 6 THTESFERY— MEE
KAEDEE*—HEL LEDF 7y b A Fo+— L6 DHNBIOEHEERS— Ml

BEAEDEEX2EHICELLTWS, 20D, Y¥— FERBRSEUA 7y b3 A Fo 3
— V6% <AZ LT, nBMI /A7 ayE#EHl102EETLZZODOLF VIFEARIT
IBIZL, MEZANVF—DOEAKEZHE/NPRBICHFITELOT, nBI 27 X5F 3 3 VHEE
10ICBVWTELICEVESTERBICERTE, 2RIV FA/M A EomEA—Y R
v,

[0114]

M. AEBBPEICBWT, Y4 Fo 4+ — V7 OEKREIIC. ¥4 Fox— 0 708867
Bt 253Xy — M@ E4 %, Pl 7 vBEYHWVWY 2y P o F oV IIEIRF
SAZYF U TILEoTHREELTLEIV, T, COBIZ, Y141 FI+ — V7 HmEBOES
BRI READINVESFEXRS— MEFEE40mEE / v FRICOVBEVWTD X
Vi, TDEIHWCTDE, E3DE/EEOERFOMI SFETHE (M8EHE) ©#/HE
WEBTLI LN TX D,

[0115])

T, KERBREBIIBWT, Y — FERSONWUNIIB I 283 EFES— M ERE4L 0E
BiboREEZ. 7y P A FY9 3 —NL6DTFHEIZBWTOHA FY+x— A 7TOTFHEIC
BUTHHIIBESINEZLDOTIE 2V, L2L. BFERS— MEBEE4 L LTHIZIEH
fSIONEZHAWVALAEES., Y —F - FLA VHEOBEDO LR KT 57201213, 7 —
FEBSOHBIOEFEERSY - MVEREA4ZEE2 nmEBEUTICERBILT A2 Z 2507 F
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L“’)o
[0116]
(L8 DEMmIFAE

LT, AREBOESOEBPREBICERLI L EREBEORERFEIIOD>VT, nBMISFE
TOREFEZFHELT, HEZ2SBLAFSHBETL, 014 (a) ~ (g) RUX1
5 (a) ~ (d) 1. EIDERBEIFEI I EAEBEOHEEFEDOLKE TR ZRTIER
THd,

fo117]

9, ®14 (a) IRTEHIIC, BIZIE ) a0 bEMRE LI, EEFSEEER
ERBSTI 3#BIRWICEELAE, ER1CFLT, fIZEBEFEAILALF—30
OkeV, F—XEI1X10¥ cm?DLEBETAFYEATSE, ZHICX Y, HEMEERE
HAHADPHEIY IV 2HATEEND, FiNT, NV FAL—ZX by XERHAOA 4+ iEA (F
AAFY B, BAZERILF—150keV, F=ZX81X10%cm?) RUFFxFH1L
EREADA A Y IEA FALAY I B, FAZAVEF—20keV, F—XE5X10!?
cm™?) 479,

[01138]) ,

Kiz. 14 (b) IRTLIIIC, pEY L 2IIBITASTI3ICE-THENSE
MO I, Ny 77 —#HBBELELTCHZEEED). SnomiEEOY ) o vEEbE (X
TREM) R LA-ER, SFERS - MEREA L L THRZETEE4L nmBEOHI S i
ONE (BLEREEEIZ 1 n miBE) LHET S,

[01109])

K, E14 () ZRTEHIIC, BFEXRF— VEBRE4 L2y — T EBMEES A
ELTHIZITEE1I 0O nmBEORY L) aVEEEKRLAE., ¥— FEEMEES A
DOEICHN—FE (R#EE) 15 LTHAZEEE]I O nmBEEDCY ) a0 VB LE L HES
%)o

[0120])

R, AN—JELI S5 EICHr— N EBREREBRETEI LV VA M2y — v (MRER) %21
L7, UL IR MY — VBT RAZELTHAN—JEL 5 RUY — FEBRMEES A
W LTIERT Yy F 7 %47->T. K14 (d) IZRTEIC, AXN—JE15ICE0 @A
PELONLTF—FEEBLSZEEKT S, 0%, VY— FEES DA E T 2ESFEES
—MEEELTEROT v F I o TERE2 nmEERET S, ThiCXD, =}
BB ONMIOBFER — MERE4TERFEE2 nmEETF TELTLILNTES

[0121])

K. EWI1OLICEHICE>CEE]1 O nmBEOCEBRETHERB L%, YHE8IK
LTy F N 2%fToT,. B14 (e) WRTEIHIIZ, Y= +PEES OBEIZA 7
ty P AR+ — L6 FRRT S, FDH. A7y PS4 Foxr—L6DAEIHAE
TEHLEGFERSF— M MEFEE4 », BIZ X7 vEEr AV Y2y P F S IEREIRF S
AL F U TIELoTHEERT L, BT, YF— FEBLSRETF 722 P AL Foxr—16
FYAZELTERIICHLT, FIZITAs 2EALRLF—2keV, F—XE1X1
0V cm?DEBETAFYEATLILICEY, nBMI A7 a Y4881 0 %2R T
o OB, YF— FPEWSRUA 7Ly FH A FY+— V6% AZ E LTEMRLIIHTL
T, BIZIETBAEFEAZFALF—10ke V., F-XE3IX1 03 cm 2oLl TA4 i
ATLHZEIICEY, pBIRY y FEEBL 1 2K T 50

[0122]

KiZ, BRI OFLICLSEICE->THEES 0 nmEEOHEFE BIA XS 1| NE) 4HRE
L72%%., YFHEFEIIF LTy F N 27%5T7-oC,. W14 (£) IZRTEIE. &= F
BERESOBPEIZA 7Y A FY+— 62N L THEBEOTFA Foxr— V7 2KT
%o

[0123])
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DE/ETAFAYEALEZ, BlIAIX1050CHEEDBETSPIKE RTAXZfw,
AR ZEELT S, SHICED, 14 (g) IZRTEHC, nB®Yy—2 - FL A
VB 2AEREI NS,

[0124]

K, IO LICEHICE->THEE 1 O nmBEOLEE (FIZIEN 1) 2HEL
7%, RTAYERTAILICINERIOEHRESEEBEE*KIEEE, FRIiZXo
T. @15 (a) IZRT IS5, nBMY—R - FLAVEKR12 YUY, FE1 3 %
T 5, 0%, #£R1 LICBRETAHRRECOERBEYREG - BET 5,

[0125]

K, 15 (b) WRT LI, F—r1EEBSDLZECERIOLIZEHIZE->T
BIZITEE4 0 0 nmBEORBHEHFIE 1 4 ¥IHET 5,

[0126]

R, B15 (c) 2T L5, BIZIECMP (chemical mechanical polishing )
Lo TRREBEZIEl1 4%, FORKEXPXAIN—JE1ILS5OLEHEEE 2% 5 % THlo 7o18.
WHEHLI-AN—E1S5 2 v F IV BEETLE, 2OEE, CMPRZDBEBREEZ
Bl140LEHRETA 7€y P A F 7 — V6D EHLBEEINDS,

[0127])

KiZ, EWIOLIZEEICE-THEE 100 nmiBECELERE (HIZIENIE) A
L7k, RTAZERTAIELICIN Y- EBSOBERRSLEBEL RIS E., #
NICE-T,. @15 (d) RTIIIC. 2P yH A4 Py —1+EHE1 6 (55
BRY— MEBEE4L LOESEBS )T A FIEIn7r5— 1 EERL 6) 2HKT 5,

[01 28]

DLEICEHBI L - AR EEOREREICE B E, FUS T (full silicide ) #&% H
WE20EBIEEOMI SFETHEE (M228B) Y HEMEHEICERT LI LI TE
%O

[01209]

W, REBEEBIIBWT, 72y A Foxs—LV6DOERBIC, 7Yy PHAF
TA =6 DHENNETI2EFTERS - MEREKE4 %, FIZE 7 vEZHWA Y2y b
IvFUIICEoTHRETAIEIZ. 7y A Fy+— L6 DREHO TEICME S
ZEBBEES-MBE4O—E., DT VEFTEXRS— MEBRE4 OABERE v FIRIC
BOBWT/ v F 2T THI v, 2DXIHi1CT5¢. FUSIHEYHAVWEE20EK
FEEOEI1EFFAOMI SFETHE (H788E) *HEICERTLZILITE S,

[0130])

T/, AERERBICBVWT, Y— F'EEBS OB T A2EFEERY — MEEE4 0OE
BALORBRERFRIRESNLIIDTIE LW, SFERS— MESE4 L LTHIZIZH
SIiONEEHWLEAE., Y—F - FLA VEOFEOLR #WHIT 5701213, ¥—F
BES ONHIOFTFERS— MEBRE4 2EE2 nmBEULTICERLT S (BLEKI]
OREHABHE LB VWE D) TEHF L,

[0131]

T, AERBBEIIBVWT, 7y P4 P+ — L6 xR LHE,. 78y b4
AR+ —NVoDHBIOEFESRS — MEFE4E2BEL, 20#%. nBL7 257033
VM1 ORUpEERST v MERL 1 2R T 22004 F Y iEAEITo7 LAL, Z
IR RX T, 27y P A F T — N6 ZEEBRLAE, 7Yy P A FT75—L6D
HNENCEBL L -GS EXES - M EBE4A 2 RESELRECTCn B Iy A5 2 3 VHEK
10K pEIRAY y FEIR] 1 2T H7-DDA A FEAET-oTL IV, TD XS IC
LTH, AERBEBETE S~ PEBS OMNBICNEBE T AT EERS — MERIE 4 »HEL
ENTWVEZD, MEZFA VT —DOEALHFHITZEDOT, nB I/ X733 Y]
DIEBNTEVESY*EFSICERTE, FRICI D FNNA AEEOELEZE) RT v, F
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7. COBA, nBI A5 a3 vERIORUDEERSY Yy MEML 12K TAD
DAF VEARTo7H. A7y A F Y+ — VeI EBTASHERSY— M
BE4RBREL, FO%, M—EBR LB 2MM0F x A NVBIEHOEBEFEZOMISF
ETOX VAT 3a YEBRUEY y MEBYERTL0DAF EAZIT>TH &
Wy,

[0132]

T, KEBEREIIBWT, FUSIHELTHWE20E/REEOMI SFE THE
ERB LA, SHIIRAT, B1OEBREELLIZZOERS. F20E/EEOL
ERH, E30ERIBEELLIIZOEES., XEIE4O0EBBEELLZZOEEFD
MISFETH&E*FUS I#BELTHAVWTIERLTS L\,

[0133]

T/, Bl ~E3DEBBEIIBVT. Y41 F+—V 7 LTHRZETS i NEDO1E
BErHwiss, T2 T, PIAITERILE (S10:2 ) L28fbE (SINE) &%
HAEHLE-2BHEE BIZIETRBS 102 BLERS i NE) NiF3BHEE (BT
BSiO0: BEEhRES i NEELEESiO: B H£2HWVWTH Xv,

[0134)]

T, B1~ESOEBBEIIBWVWT, nBI7 X572 3 V4EE]1 0I1If{ZTLDD
PR LTDH &\,

[0135])

T/, ES5~EIOERBEICBVT, nBEMISFETIMAXZTCpEMISFET#%
TR LTDL Xv,

[0136]

I, BS~E3DERBREILBVWT, Y— MNERE - ¥ — FEBRAEOLILEHILT
7012, F— T EBS LEFEXRS - VEBEA LOMICHZIITEEO). 2 nmEED
Ny 77 —HBEEETERLTD v,

[0137])

¥/, Bl ~E8OEREEIIBVT, Y41 F+—VT7TXEF 7y b3 A Fo 5 —
V6 DmETEIZ, vF2 08B TIONI-EFTEES— MK 4 OfllmEIRIE. X6,
7. SXIIEE 1 0ICART IH RFHERIIBEINE LOTIE 2w, FIZIEFEFEER
F— MEEE 4 OHEBEREEREICF L TCEELRBIRTD D LV, T2bds, BFERT
— MEFRE4OAEIRZ., YA F 79+ —NVT7TXiEF 7y b A F 74—V 6DHEHKED? S
F— bPEBBSBICHIEDEEZ T AVRALZMNEIZS > TH X,

[EZEEoF BT ReH]

[0138]

DEWCEBLAZEIIC, AFEHIE, FEREBRVFOHEEFECEAL, FICEFEXR
F— MEZREXAFETAMISFETICERALAZESICIE, MISFETOEBRENRUER
BEMEIEZIENTEZ LV IMEIBON, FELCEHTH S,

[T o> B 7% 3B ]

[0139]

[M1) M1 BARBOE 1 OEMPREIFELILEREBOEEX R TWEN TS %

[2) @2 3AREDOE 2 OEBBEICEL L EEREBOBEZ TR THENTH 5

[M3) M3 EAREDOE 2 DEREREOE2ERAIEA I L EREBOBELRT
BEETH 5,
(4] R4 B3AREOE 2 DEBTBREDE 3EHHIEL L EREBOBELXRT
WERTH 5,
[(05] @5R@AFREAOE 3 OEMBEICHL LEFEREOME LRI HERTH 5
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RTdhb,

[(K7) H73AEAREHOE 2 DOEBHEDE 1 BRI EREBOHEELTT
MEXRTH S,

[(H8)] M8 IIARHNE 3 DEMBEBOELSI RS LEARBOBE LRI HIE
HTHb,

(K9] MO BARENE 4 DEBURBICELI FEFAKREOHET R IWEARKTDH S

[M10] M1 0REARHOE 4 OEBIBEOERS AL L EEREBOBEELRT
MEaRTH 5,
(K111 E11 (a) ~ (f) BARBEOE 5 OEKBEEIR S L EMAEE OB
FHEODEZEIREZRAITHERK TS 5,
(M12) @12 (a) ~ (g) EARREHDOE6 OEMBEICHRS LEEAEBEORE
FEOZEIRETRIMHERN TS 5,
[M13] ®M13 (a) ~ (g) BRARHOE T OEHRBEICHL LEEEEORE
FEOZTIRETRIMERTH S,
(M14) W14 (a) ~ (g) IXRREHOEIOEMLEIHRL FEFEEORE
FHEOHETIEZ R THHEK TS %,
[K15] M15 (a) ~ (d) BEAREOE S DERBEEICIHEL L EAERB O E
FHEOZIEEZRIHERXTH S,
[R16) K16 (a) RV (b) BFAFNEROMI SFE TOHELRTHE
MThb,
[F 5 DFHH]
[0140]
1 FAR
2 pEIY
3 STI
4 (4A~4E) BEEERS - MEFE
5A 77— FEEMEIE
7 — FEW
7y P A FT+—
A F7xr—
nBlrs A5 a i
p BIR 4 » b fEIN
n®By—2 - FL A S4EK
YA FE
J& R #E 4% IR
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PA AR B A - (WAL Al =7
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The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTO's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
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In addition, information on the status of the application, including the mailing date of Office actions
and the dates of receipt of correspondence filed in the Office, may also be accessed via the
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Application No. Applicant(s)
11/491,260 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 07 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)[] 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

M)XK Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) ___is/are withdrawn from consideration.
5] Claim(s) _____is/are allowed.
6)[] Claim(s)_____is/are rejected.
7)[] Claim(s) is/are objected to.
8)X] Claim(s) 71-20 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)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAll  b)[]Some * c)] None of:
1. Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) D Other: ___
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080612
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DETAILED ACTION
Election/Restrictions

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

l. Claims 1-10, drawn to a semiconductor device, classified in class 257,

subclass 295.
Il. Claims 11-20, drawn to a method for fabricating a semiconductor device,
classified in class 438, subclass 197.

2. Inventions Group Il and Group | are related as process of making and product
made. The inventions are distinct if either or both of the following can be shown: (1)
that the process as claimed can be used to make another and materially different
product or (2) that the product as claimed can be made by another and materially
different process (MPEP § 806.05(f)). In the instant case the step ¢) etching part of the
high dielectric constant gate insulating film can be substituted by lift-off technique.
3. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and examination burden if restriction were not
required because one or more of the following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their

different classification;
(b) the inventions have acquired a separate status in the art due to their

recognized divergent subject matter;
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(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different
search queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.
101 and/or 35 U.S.C. 112, first paragraph.

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

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
invention.

If claims are added after the election, applicant must indicate which of these

claims are readable upon the elected invention.
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Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

4. The examiner has required restriction between product and process claims.
Where applicant elects claims directed to the product, and the product claims are
subsequently found allowable, withdrawn process claims that depend from or otherwise
require all the limitations of the allowable product claim will be considered for rejoinder.
All claims directed to a nonelected process invention must require all the limitations of
an allowable product claim for that process invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product
claims and the rejoined process claims will be withdrawn, and the rejoined process
claims will be fully examined for patentability in accordance with 37 CFR 1.104. Thus, to
be allowable, the rejoined claims must meet all criteria for patentability including the
requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims to the elected product
are found allowable, an otherwise proper restriction requirement between product
claims and process claims may be maintained. Withdrawn process claims that are not
commensurate in scope with an allowable product claim will not be rejoined. See MPEP
§ 821.04(b). Additionally, in order to retain the right to rejoinder in accordance with the

above policy, applicant is advised that the process claims should be amended during
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prosecution to require the limitations of the product claims. Failure to do so may result

in a loss of the right to rejoinder. Further, note that the prohibition against double

patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement

is withdrawn by the examiner before the patent issues. See MPEP § 804.01.
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).

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
June 12, 2008
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Docket No.: 071971-0620 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 4092
Application No.: 11/491,260 Group Art Unit: 2892

Filed: July 24,2006 Examiner: Chuong A. LUU

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
RESPONSE TO RESTRICTION REQUIREMENT

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

Alexandria, VA 22313-1450

Sir:

Noting the Office Action of June 27, 2008 wherein restriction has been required,
Applicant hereby elects Group I (claims 1-10) for prosecution in the above-identified
application.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

Mc TL WJLL & EMERY LLP

chael E, arty
Registrati 0. 36,139

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

Phone: 202.756.8000 MEF:mjb

Facsimile: 202.756.8087

Date: July 18, 2008
WDC99 1593378-1.071971.0620
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for 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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Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)
11/491,260 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)X] Responsive to communication(s) filed on 18 July 2008.
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

M)XK Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) 17-20 is/are withdrawn from consideration.
5] Claim(s) is/are allowed.
6)X] Claim(s) 1and 7-10 is/are rejected.
)X Claim(s) 2-6 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..X] Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) |Z| 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 7/24/2006. 6) D Other: ____

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080924
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DETAILED ACTION
Election/Restrictions
Applicant’s election of Group I, claims 1-10 inn the reply filed on July 18, 2008 is
acknowledged. -Because applicant did not distinctly and specifically point out the
supposed errors in the restriction requirement, the election has been treated as an

election without traverse (MPEP § 818.03(a)).

PRIOR ARTS REJECTIONS
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 1 is rejected under 35 U.S.C. 102(e as being anticipated by Hieda et al.
(U.S. 6,992,358).
Hieda discloses a semiconductor device with
(1) a high dielectric constant gate insulating film (102-oxide) formed on an active

region in a substrate (101);
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a gate electrode (103) formed on the high dielectric constant gate insulating film
(102-oxide);

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

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
insulating sidewall (106), and

at least 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 Figure 5B);

§ | H
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PRIOR ARTS REJECTIONS
Statutory Basis

Claim Rejections - 35 USC § 103

Page 123 of 192



Application/Control Number: 11/491,260 Page 4
Art Unit: 2892

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The Rejections

Claims 7-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Hieda et al. (U.S. 6,992,358) in view of Cheng (U.S. 6,642,071).

Hieda teaches the above outlined features except for disclosing the high
dielectric constant gate insulating film includes a notch at a side end portion; further
comprising a buffer insulating film between the substrate and the high dielectric
constant gate insulating film and the buffer insulating film is a silicon oxide film.
However, Cheng discloses a TFT array with(7) wherein the high dielectric constant gate
insulating film includes a notch at a side end portion (see Figure 6); (8) further
comprising a buffer insulating film between the substrate and the high dielectric
constant gate insulating film (see Figure 4); (9) wherein the buffer insulating film is a
silicon oxide film (see column 4, lines 15-16). It would have been obvious to one having
ordinary skill in the art at the time the invention was made to modify the semiconductor
device of Hieda to include a notch at a side end portion; further comprising a buffer
insulating film between the substrate and the high dielectric constant gate insulating film
and the buffer insulating film is a silicon oxide film as disclosed in Cheng because it

prevent any junction between electrodes (For Example: See Column 5, Lines 29-33).
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Additionally, since Hieda and Cheng are both from the same field of endeavor
(semiconductors), the purpose disclosed by Cheng would have been recognized in the

pertinent art of Hieda.

Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hieda et
al. (U.S. 6,992,358) in view of Djomehri et al. (U.S. 6,929,992).

Hieda teaches everything above with the exception of disclosing the gate
electrode is fully silicided. However, Djomehri discloses a NMOS device with (10)
wherein the gate electrode is a fully silicided gate electrode of which an entire region
has been silicided. Therefore, it would have been obvious to one having ordinary skill in
the art at the time the invention was made to modify the semiconductor device of Hieda
to include the gate electrode is a fully silicided gate electrode as disclosed in Cheng
because in order to increase the gate work function (For Example: See Column 7, Lines
37-38).

Additionally, since Hieda and Djomehri are both from the same field of endeavor
(semiconductors), the purpose disclosed by Djomehri would have been recognized in

the pertinent art of Hieda.

Allowable Subject Matter
Claims 2-6 are objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.
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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).

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
September 24, 2008
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Docket No.: 071971-0620

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of _ : Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 4092
Application No.: 11/491,260 . Group Art Unit: 2892

Filed: July 24, 2006 Examiner: Not Yet Assigned

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

INFORMATION DISCLOSURE STATEMENT

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

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

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

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

mailing date of a Final Rejection or Notice of Allowance.

CERTIFICATION PARAGRAPH
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The undersigned certifies that no item of information in this Information Disclosure
Statement was cited in a communication from a foreign patent office in a counterpart foreign
application or, to my knowledge after making reasonable inquiry, was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of this Information
Disclosure Statement. 37 CFR 1.97(e)(2).

The reference was cited in a corresponding U.S. Office Action and its relevance
discussed therein. A copy of the U.S. Office Action is attached for the Examiner's information.

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

such deposit account.

Respectfully submitted,

Mc TT WILL & EMERY LLP

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

Phone: 202.756.8000 MEF:mk!

Facsimile: 202.756.8087

Date: January 12, 2009
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INITIALS CITE | journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
U.S. Office Action issued in U.S. Patent Application No. 11/543,865 dated on November 12, 2008

L

EXAMINER DATE CONSIDERED

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Docket No.: 071971-0620 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 4092
Application No.: 11/491,260 Group Art Unit: 2892

Filed: July 24,2006 Examiner: CHUONG A. LUU

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

INFORMATION DISCLOSURE STATEMENT

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

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

This Information Disclosure Statement is béing filed more than three months after the U.S.
filing date AND after the mailing date of the first Office Action on the merits, but before the
mailing date of a Final Rejection or Notice of Allowance.

In accordance with 37 CFR 1.17(p), please charge the fee of $180.00 to Deposit Account

No. 500417.
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Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

Mc T WILL & EMERY LLP

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

Phone: 202.756.8000 MEF:mjb
Facsimile: 202.756.8087
Date: February 11,2009
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Electronic Patent Application Fee Transmittal

Application Number: 11491260

Filing Date: 24-Jul-2006

Title of Invention: Semiconductor device and method for fabricating the same
First Named Inventor/Applicant Name: Junji Hirase

Filer: Michael E. Fogarty/Margaret Barham

Attorney Docket Number: 071971-0620

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:
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Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Electronic Acknowledgement Receipt

EFS ID: 4775302
Application Number: 11491260
International Application Number:
Confirmation Number: 4092

Title of Invention:

Semiconductor device and method for fabricating the same

First Named Inventor/Applicant Name:

Junji Hirase

Customer Number:

20277

Filer:

Michael E. Fogarty/Margaret Barham

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

071971-0620

Receipt Date: 11-FEB-2009
Filing Date: 24-JUL-2006
Time Stamp: 15:26:29

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $180

RAM confirmation Number 713

Deposit Account 500417

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)
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Document Description File Name . . .
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1 Information Disclosure Statement Letter o no 3
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for 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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“Docket No.: 071971-0620 PATENT
IN ES PATENT AND TRADEMARK OFFICE
In re Application of Customer Number: 53080
Junji HIRASE, et al. . Confirmation Number: 4092
Application No.: 11/491,260 : Group Art Unit: 2892
Filed: July 24,2006 :  Examiner: CHUONG A. LUU
For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
Transmitted herewith is an Amendment in the aboveidentified application.
X No additional fee is required.
| Applicant is entitled to small entity status under 37 CFR 1.27
Also attached:
The fee has been calculated as shown below:
| NO. OF HIGHEST EXTRA RATE FEE
CLAIMS PREVIOUSLY CLAIMS
. PAID FOR
Total Claims 15 20 0 $52.00 = $0.00
Independent Claims 2 3 0 $220.00 = $0.00
Multiple dependent claims newly presented $0.00
Fee for extension of time $0.00
Total of Above Calculations $0.00

] Please charge my Deposit Account No. 500417 in the amount of $0.00. An additional copy of this transmittal sheet

is submitted herewith.

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

extra claims and any patent application processing fees under 37 CFR 1.17.

Respectfully submitted,

Mc T WILL & EMERY LLP

'chael EFggarty
Registratjon No. 36,139
600 13™ Street, N.W. Please recognize our Customer No. 53080 as our
Washington, DC 20005-3096 correspondence address.

Phone: 202.756.8000 MEF:rp
Facsimile: 202.756.8087
Date: February 12,2009
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Docket No.: 071971-0620 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 4092
Application No.: 11/491,260 Group Art Unit: 2892

Filed: July 24, 2006 Examiner: Chuong A. LUU

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

AMENDMENT

Mail Stop Amendment

- Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir;

)

In response to the Office Action dated November 12, 2008, having a three-month
shortened statutory period for response set to expire February 12, 2009, please amend the above-

identified application as follows:
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IN THE CLAIMS:

Please amend the claims as follows:

1. (Currently amended) 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,

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.
2. (Canceled)

3. (Currently amended) The semiconductor device of claim {[2]] 1, 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. (Currently amended) The semiconductor device of claim [[2]] 1, 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. (Currently amended) The semiconductor device of claim [[2]] 1, 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. (Currently amended) [[The]] A semiconductor device ef-elaim1;-wherein
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,

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,

the insulating sidewall includes a first insulating sidewall formed on a side surface of the
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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 constant
gate insulating film located under the gate electrode. |

7. (Original) The semiconductor device of claim 1, wherein the high dielectric constant
gate insulating film includes a notch at a side end portion.

8. (Original) The semiconductor device of claim 1, further comprising a buffer insulating
film between the substrate and the high dielectric constant gate insuiating film.

9. (Original) The semiconductor device of claim 8, wherein the buffer insulating film is a
silicon oxide film or a silicon oxynitride film.

10. (Original) The semiconductor device of claim 1, wherein the gate electrode is a fully
silicided gate electrode of which an entire region has been silicided.

11-20. (Cancelled)

21. (New) The semiconductor device of claim 6, wherein the high dielectric constant
gate insulating film includes a notch at a side end portion.

22. (New) The semiconductor device of claim 6, further comprising a buffer insulating

film between the substrate and the high dielectric constant gate insulating film.
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23, (New) The semiconductor device of claim 22, wherein the buffer insulating film is a
silicon oxide film or a silicon oxynitride film.

24. (New) The semiconductor device of claim 6, wherein the gate electrode is a fully
silicided gate electrode of which an entire region has been silicided.

25. (New) The semiconductor device of claim 1, wherein the high dielectric constant
gate insulating film is formed of a Hf based oxide.

26. (New) The semiconductor device of claim 6, wherein the high dielectric constant

gate insulating film is formed of a Hf based oxide.
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REMARKS

In response to the pending Office Action, Applicants have cancelled claims 2 and 11-20,
without prejudice. Claims 11-20 being subject to a restriction requirement and not elected for
prosecution in the above-identified application. Claim 1 has been amended to include the
elements of claim 2, and claim 6 has been amended into independent format. Finally, new
claims 21-26 have been added. New claims 21-24 track original claims 7-10, respectively. No
new matter has been added. It is further noted that an Information Disclosure Statement is being
filed concurrently with this response.

As claims 2 and 6 were indicated to recite patentable subject matter, it is respectfully
submitted that claims 1 and 6, as amended, are now in condition for allowance. Further, as all
other pending claims depend on either claim 2 or claim 6, it is respectfully submitted that these
claims are also in condition for allowance.

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner's
amendment, the Examiner is requested to call Applicants' attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. § 1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
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including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.
Respectfully submitted,

McDERMOTT WILL & EMERY LLP

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

Phone: 202.756.8000 MEF:rp

Facsimile: 202.756.8087

Date: February 12,2009

WDC99 1684197-1.071971.0620
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ATTY. DOCKET NO. SERIAL NO.
INFORMATION DISCLOSURE 071971-0620 11/491,260
STATEMENT BY APPLICANT
APPLICANT
Junji HIRASE, et al.
(Substitute for form 1449/PTO) FILING DATE GROUP
July 24, 2006 2892
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez i known) MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
US | 2005/0127436 A1 06-16-2005 HENSON et al. Corresponds w/ CN 1610129 A
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document | Publication Date Name of Patentee or Pages, Columns, Translation
INITIALS CITE Country Codes-Number 4. MM-DD-YYYY | Applicant of Cited Document | Lines Where Relevant
NO. Kind Codes (if known) Figures Appear Yes No
CN 1610129 A 04-27-2005 Corresponds w/ X
US 2005/0127436
JP 2005-064190 03-10-2005 TOSHIBA CORP. JAPAN
(w/ English Abstract)
JP 2004-356576 12-16-2004 SEMICONDUCTOR JAPAN
LEADING EDGE (w/ English Abstract)
TECHNOLOGIES INC.
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS CITE jou;lr;sakl{esaerial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. pul .

Chinese Office Action, with English Translation, issued in Chinese Patent Application No.

CN 200610093872.2, dated March 20, 2009.

EXAMINER

DATE CONSIDERED

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant.
1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Docket No.: 071971-0620 PATENT
IN THE UNITED I"ATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

Junji HIRASE, et al. Confirmation Number: 4092

Application No.: 11/491,260 Group Art Unit: 2892

Filed: July 24, 2006 Examiner: Chuong A. LUU

For: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

INFORMATION DISCLOSURE STATEMENT

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

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

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

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

mailing date of a Final Rejection or Notice of Allowance.

CERTIFICATION PARAGRAPH
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The undersigned certifies that each item of information contained in this Information
Disclosure Statement was first cited in a communication from a foreign patent office in a
counterpart foreign application not more than three months prior to the filing of this Information
Disclosure Statement as described in 37 CFR 1.97(e)(1).

References CN 1610129, JP 2004-356576 and JP 2005-064190 were cited in a Chinese
Office Action and the relevance is discussed therein. A copy of the Chinese Office Action,
together with an English language version thereof, is attached for the Examiner's information.

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

such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:ksa
Facsimile: 202.756.8087
Date: April 16,2009
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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

20277 7590 06/02/2009 | EXAMINER |
MCDERMOTT WILL & EMERY LLP LUU, CHUONG A
600 13TH STREET, N.W. | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 —

DATE MAILED: 06/02/2009

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

11/491,260 07/24/2006 Junji Hirase 071971-0620 4092
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 09/02/2009

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.

20277 7590 06/02/2009
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’ N.W. 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.
11/491,260 07/24/2006 Junji Hirase 071971-0620 4092
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 09/02/2009
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LUU, CHUONG A 2892 438-197000
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
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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
11/491,260 07/24/2006 Junji Hirase 071971-0620 4092
20277 7590 06/02/2009 | EXAMINER |
MCDERMOTT WILL & EMERY LLP LU, CHUONG A
600 13TH STREET, N.W. | ART UNIT PAPER NUMBER |

WASHINGTON, DC 20005-3096 —

DATE MAILED: 06/02/2009

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 214 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 214 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)
. . 11/491,260 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 2/12/2009.

2. [X] The allowed claim(s) is/are 1,3-10 and 21-26.

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. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [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. [J Examiner's Amendment/Comment
Paper No./Mail Date 1/12/09; 2/11/09: 4/16/09
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 20090426
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Application/Control Number: 11/491,260 Page 2
Art Unit: 2892

DETAILED ACTION

Allowable Subject Matter

Claims 1, 3-10 and 21-26 are allowed.

The following is an examiner’s statement of reasons for allowance: The examiner
has reviewed the prior art in light of applicant’s claimed invention and finds that the
combined claims define over the prior art. The cited prior art does not disclose or
suggest a semiconductor device inter alia the limitations “....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, 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. . ...."

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.”
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Application/Control Number: 11/491,260 Page 3
Art Unit: 2892

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).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
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ilo2 1177  §(257/411).CCLS. US-PGPUB; OR OFF 2009/04/26
: USPAT; 21:52
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
23 50 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
5 (gate or electrode) and (((high adj dielectric {USPAT; 21:56
adj constant) or (ferroelectric)) adj (gate or {USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat {EPO; JPO;
$4)) DERWENT;
: IBM_TDB
{24 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
: (gate or electrode) and (((high adj dielectric {USPAT; 21:56
adj constant) or (ferroelectric)) adj (gate or \USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat {EPO; JPO;
$4)) and @ad<="20050805" DERWENT;
: IBM_TDB
iL25 108 ("257"/$.ccls.) and (gate or electrode) and  {US-PGPUB; OR ON 2009/04/26
: (((high adj dielectric adj constant) or USPAT; 21:56
(ferroelectric)) adj (gate or electrode) adj USCOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPC;
@ad< ="20050805" DERWENT;
: IBM_TDB
{26 24 (257/€29.132,29.133,€29.134,629.135, US-PGPUB; OR ON 2009/04/26
: €29.136,e29.137,e29.138,629.138,29.162, {USPAT; 21:57
€29.163,e29.164,629.164,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
: $4)) and @ad< ="20050805"
iL27 100 (257/e$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2009/04/26
: (((high adj dielectric adj constant) or USPAT; 21:57
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPC;
@ad< ="20050805" DERWENT;
: IBM_TDB
iLo8 29 ("438"/$.ccls.) and (gate or electrode) and  {US-PGPUB; OR ON 2009/04/26
: (((high adj dielectric adj constant) or USPAT; 21:57
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPC;
@ad< ="20050805" DERWENT;
5 IBM_TDB
29 5360 {(257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
: (gate or electrode) and ((gate or electrode) {USPAT; 22:05
adj (dielectric or oxide or insulat$4)) and USOCR; FPRS;
@ad< ="20050805" EPO; JPO;
DERWENT;
: IBM_TDB
L30 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
: (((high adj dielectric adj constant) or USPAT; 22:21
(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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L31 756 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
: (((gate or electrode) adj (dielectric or oxide {USPAT; 22:23
or insulat$4)) with ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPC; JPG;
@ad< ="20050805" DERWENT;
: IBM_TDB
L32 182 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
: (((gate or electrode) adj (dielectric or oxide {USPAT; 22:23
or insulat$4)) near ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad<="20050805" DERWENT;
5 IBM_TDB
433 995 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2009/04/26
(((gate or electrode) adj (dielectric or oxide {USPAT; 22:23
or insulat$4)) same ((high adj dielectric adj {USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad< = "20050805" DERWENT;
IBM_TDB
is2 1 11/491260 US-PGPUB; OR ON 2008/08/27
USPAT; 07:33
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
is3 2578 {(257/295).CCLS. US-PGPUB; OR OFF 2008/08/27
USPAT; 07:35
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
i 1390 {(257/310).CCLS. US-PGPUB; OR OFF 2008/08/27
USPAT; 07:35
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S5 3 09/916509 US-PGPUB; OR ON 2008/09/01
USPAT; 13:58
USCCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
1iS6 4123 {(257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
electrode) and ((gate or electrode) adj USPAT; 23:19
(insulat$4 or dielectric or oxide)) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
is7 491 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
electrode) near ((gate or electrode) adj USPAT; 23:20
(insulat$4 or dielectric or oxide)) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
iis8 491 (257/296,295,310.ccls.) and ((gate or US-PGPUB; OR ON 2008/09/24
: electrode) near ((gate or electrode) adj USPAT; 23:20
(insulat$4 or dielectric or oxide))) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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iis9 371 (257/296,295,310.ccls.) and ((gate or US-PGPUB; OR ON 2008/09/24
: electrode) adj ((gate or electrode) adj USPAT; 23:20
(insulat$4 or dielectric or oxide))) USOCR; FPRS;
EPO; JPO;
DERWENT;
5 IBM_TDB
is10 48 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
: electrode) and (((gate or electrode) adj USPAT; 23:21
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
asn 26 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
: electrode) and (((gate or electrode) adj USPAT; 23:21
(insulat$4 or dielectric or oxide)) adj (high USOCR; FPRS;
adj dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
is12 12 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
: electrode) and (((gate or electrode) adj USPAT; 23:22
(insulat$4 or dielectric or oxide)) adj (high USCOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
1813 17 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/09/24
: electrode) and (((gate or electrode) adj USPAT; 23:22
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPOC; JPO;
DERWENT;
: IBM_TDB
is1e 5 "6992358" US-PGPUB; OR ON 2008/09/24
5 USPAT; 23:24
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
§S17 18 ("20030209761" | "20040150520" | US-PGPUB; OR ON 2008/11/03
5 "20040178451" | "20050040464" | USPAT; USOCR 19:45
"20050051843" | "20050110085" |
"4979014" | "6437404" | "6538916" |
"6580132" | "6639246" | "6646307" |
"6687152" | "6724046" | "6740938" |
5 "6744390" | "6800513" | "6822071").PN.
is18 49 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/11/03
: electrode) and (((gate or electrode) adj USPAT; 20:28
(insulat$4 or dielectric or oxide)) same (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPC; JPG;
DERWENT;
: IBM_TDB
4819 78 gate near (fully adj silicide) US-PGPUB; OR ON 2008/11/07
: USPAT; 23:04
USCCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
1820 15 gate near (fully adj silicide) USPAT OR ON 2008/11/07
: 23:04




EAST Search History

file:///CV/Documents%20and%20Settings/cluu/My%20Docu...260/EASTSearchHistory.11491260_AccessibleVersion.htm (6 of 11)4/26/09 10:55:29 PM

Page 173 of 192

S21 5 "6992358" US-PGPUB; OR ON 2008/11/07
: USPAT; 23:07
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
822 18 ("20030209761" | "20040150520" | US-PGPUB; OR ON 2008/11/07
: "20040178451" | "20050040464" | USPAT; USOCR 23:09
"20050051843" | "20050110085" |
"4979014" | "6437404" | "6538916" |
"6580132" | "6639246" | "6646307" |
"6687152" | "6724046" | "6740938" |
: "6744390" | "6800513" | "6822071").PN.
824 25 ("4403396" | "4689869" | "5034791" | US-PGPUB; OR ON 2008/11/07
: "5053849" | "5286665" | "5405787" | USPAT; USOCR 23:18
"5545578" | "56547883" | "5751048" |
"5866473" | "5895273" | "5960270" |
"5963789" | "6011290" | "6017826" |
"6037630" | "6060733" | "6110785" |
"6204133" | "6303479" | "6326250" |
"6352885" | "6383937" | "6399469" |
: "6417084").PN.
1505 20 ("56751048").URPN. USPAT OR ON 2008/11/07
23:40
{827 839 gate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2008/11/07
dielectric)) with (notch$4 or undercut$4)) USPAT; USOCR 23:43
iisps 112 gate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2008/11/07
dielectric)) near (notch$4 or undercut$4)) USPAT; USOCR 23:43
{829 18 gate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2008/11/07
dielectric)) adj (notch$4 or undercut$4)) USPAT; USOCR 23:43
4830 47 ("20020036328" | "20020171113" | US-PGPUB; OR ON 2008/11/09
5 "20030209761" | "20040031979" | USPAT; USOCR 18:32
"20040099885" | "20040145000" |
"20040150520" | "20040178451" |
"20050017305" | "20050035417" |
"20050040464" | "20050051843" |
"20050110085" | "20050167766" |
"20050205944" | "20050212055" |
"20050224800" | "20050285189" |
"20060071285" | "20060273409" |
"4907041" | "4979014" | "5399896" |
"5985724" | "6413802" | "6437404" |
"6534787" | "6538916" | "6580132" |
"6613624" | "6639246" | "6646307" |
"6687152" | "6706571" | "6724046" |
"6740914" | "6740938" | "6744103" |
"6744390" | "6800513" | "6800885" |
"6822071" | "6967379" | "6992358" |
"7112478").PN. OR ("6992358" | "7176537"
; | "7348642").URPN.
11831 36 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/11/09
: electrode) and (((gate or electrode) adj USPAT; 19:15
(insulat$4 or dielectric or oxide)) with (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
IBM_TDB
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is32 165 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2008/11/09
: electrode) and (((gate or electrode) adj USPAT; 19:33
(insulat$4 or dielectric or oxide)) and (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPC; JPG;
DERWENT;
5 IBM_TDB
833 3 ("5384729" | "5708284" | "6107656").PN. US-PGPUB; OR ON 2008/11/09
USPAT; USOCR 21:13
s34 2 ("6614066").URPN. USPAT OR ON 2008/11/09
21:14
11835 4908 igate with ((spacers or sidewalls) with (notch {US-PGPUB; OR ON 2008/11/09
: or under$4)) USPAT; 21:20
USOCR; FPRS;
EPO; JPC;
DERWENT;
: IBM_TDB
1837 7 gate adj ((spacers or sidewalls) with (notch {US-PGPUB; OR ON 2008/11/09
: or under$4)) USPAT; 21:20
USOCR; FPRS;
EPO; JPC;
DERWENT;
: IBM_TDB
iiS38 127 gate near ((spacers or sidewalls) near US-PGPUB; OR ON 2008/11/09
: (notch or under$4)) USPAT; 21:23
USCCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iis39 11 (gate near ((spacers or sidewalls) near US-PGPUB; OR ON 2008/11/09
: (notch or under$4))) and (high adj dielectric {USPAT; 21:24
adj constant) USOCR; FPRS;
EPO; JPO;
DERWENT;
5 IBM_TDB
is14 0 "257"/$.ccls. and (gate with (porous adj US-PGPUB; OR ON 2008/11/09
silicon)) and (spacer with conductive) USPAT; USOCR 22:26
45 5 "257"/$.ccls. and (gate with (porous adj US-PGPUB; OR ON 2008/11/09
silicon)) and (spacers same conductive) USPAT; USOCR 22:26
1346 2 (("6642071") or ("6929992")).PN. USPAT OR OFF 2008/11/09
23:05
147 6 (257/296,295,310.ccls.) and (((high adj US-PGPUB; OR ON 2009/04/21
: dielectric adj constant) or (ferroelectric)) adj {USPAT; 20:04
gate adj (layer or film)) and (gate or USOCR; FPRS;
electrode) EPO; JPC;
DERWENT;
: IBM_TDB
48 21 ("257"/$.ccls.) and (((high adj dielectric adj {US-PGPUB; OR ON 2009/04/21
: constant) or (ferroelectric)) adj gate adj USPAT; 20:05
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPC;
DERWENT;
: IBM_TDB
149 15 ("438"/$.ccls.) and (((high adj dielectric adj {US-PGPUB; OR ON 2009/04/21
5 constant) or (ferroelectric)) adj gate adj USPAT; 20:05
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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1351 51 (semiconductor) and (((high adj dielectric US-PGPUB; OR ON 2009/04/21
: adj constant) or (ferroelectric)) adj gate adj {USPAT; 20:05
(layer or film)) and (gate or electrode) and  {USOCR; FPRS;
@ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
11852 15 ("438"/$.ccls.) and (((high adj dielectric adj {US-PGPUB; OR ON 2009/04/21
5 constant) or (ferroelectric)) adj gate adj USPAT; 20:06
(layer or film)) and (gate or electrode) and {USOCR; FPRS;
@ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
11553 21 ("257"/$.ccls.) and (((high adj dielectric adj {US-PGPUB; OR ON 2009/04/21
: constant) or (ferroelectric)) adj gate adj USPAT; 20:06
(layer or film)) and (gate or electrode) and {USOCR; FPRS;
@ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
1954 378 gate near ((spacers or sidewalls) with US-PGPUB; OR ON 2009/04/21
: (notch or under$4)) USPAT; 20:33
USOCR; FPRS;
EPO; JPC;
DERWENT;
: IBM_TDB
iS55 299 (gate near ((spacers or sidewalls) with US-PGPUB; OR ON 2009/04/21
: (notch or under$4))) and USPAT; 20:36
@ad< ="20060724" USOCR; FPRS;
EPO; JPO;
DERWENT;
5 IBM_TDB
1556 45 ((257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2009/04/21
5 electrode) and (((gate or electrode) adj USPAT; 20:41
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)))and EPC; JPG;
@ad< ="20060724" DERWENT;
: IBM_TDB
1857 578 (("257"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
5 (((gate or electrode) adj (insulat$4 or USPAT; 20:41
dielectric or oxide)) near (high adj dielectric {USOCR; FPRS;
adj constant)))and @ad< ="20060724" EPC; JPO;
DERWENT;
: IBM_TDB
iS58 365 (("438"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
: (((gate or electrode) adj (insulat$4 or USPAT; 20:41
dielectric or oxide)) near (high adj dielectric {USOCR; FPRS;
adj constant)))and @ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
1859 365 (("438"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
: (((gate or electrode) adj (insulat$4 or USPAT; 20:41
dielectric or oxide)) near (high adj dielectric :{USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
1360 1642 {(("438"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
: (((gate or electrode) adj (insulat$4 or USPAT; 20:42
dielectric or oxide)) with (high adj dielectric {USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPOC; JPO;
DERWENT;
IBM_TDB
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iise1 2491 {(("257"/$.ccls.) and (gate or electrode) and  {US-PGPUB; OR ON 2009/04/21
: (((gate or electrode) adj (insulat$4 or USPAT; 20:42
dielectric or oxide)) with (high adj dielectric {USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPC; JPG;
DERWENT;
: IBM_TDB
1862 255 (("257"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
: (((gate or electrode) adj (insulat$4 or USPAT; 20:42
dielectric or oxide)) adj (high adj dielectric  {USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPO; JPO;
DERWENT;
5 IBM_TDB
11863 192 (("438"/$.ccls.) and (gate or electrode) and {US-PGPUB; OR ON 2009/04/21
5 (((gate or electrode) adj (insulat$4 or USPAT; 20:42
dielectric or oxide)) adj (high adj dielectric {USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
11564 306 ((semiconductor) and (gate or electrode) US-PGPUB; OR ON 2009/04/21
: and (((gate or electrode) adj (insulat$4 or USPAT; 20:43
dielectric or oxide)) adj (high adj dielectric  {USOCR; FPRS;
adj constant))) and @ad< ="20060724" EPO; JPO;
DERWENT;
: IBM_TDB
11865 55 (semiconductor) and (((high adj dielectric US-PGPUB; OR ON 2009/04/22
: adj constant) or (ferroelectric)) adj gate adj {USPAT; 07:38
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
is66 i3 (("20070228442") or ("20040171280") or US-PGPUB; OR OFF 2009/04/22
("20030207097")).PN. USPAT 14:44
S67 1470 thirase.inv. US-PGPUB; OR ON 2009/04/22
: USPAT; 14:46
USCCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
11568 70 S67 and junji US-PGPUB; OR ON 2009/04/22
: USPAT; 14:47
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS69 0 S68 and (gate or electrode) and (((gate or {US-PGPUB; OR ON 2009/04/22
: electrode) adj (insulat$4 or dielectric or USPAT; 14:47
oxide)) adj (high adj dielectric adj USOCR; FPRS;
constant)) EPO; JPC;
DERWENT;
: IBM_TDB
1870 0 S68 and (((high adj dielectric adj constant) {US-PGPUB; OR ON 2009/04/22
: or (ferroelectric)) adj gate adj (layer or USPAT; 14:48
film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB




EAST Search History

71

213

sebe.inv.

US-PGPUB;
USPAT,;
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14:48

is72

13

S71 and akio

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

OR

ON

2009/04/22
14:48

573

S72 and (((high adj dielectric adj constant)
or (ferroelectric)) adj gate adj (layer or
film)) and (gate or electrode)

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

OR

ON

2009/04/22
14:48

574

17541

kotani.inv.

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

OR

ON

2009/04/22
14:48

575

207

S74 and naoki

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

OR

ON

2009/04/22
14:49

is76

S75 and (((high adj dielectric adj constant)
or (ferroelectric)) adj gate adj (layer or
film)) and (gate or electrode)

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

OR

ON

2009/04/22
14:49

577

lokazaki and gen and (((high adj dielectric

adj constant) or (ferroelectric)) adj gate adj
(layer or film)) and (gate or electrode)

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

OR

{ON

2009/04/22
14:49

578

aida and kazuhiko and (((high adj dielectric
adj constant) or (ferroelectric)) adj gate adj
(layer or film)) and (gate or electrode)

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

OR

ON

2009/04/22
14:50

takeoka and shinji and (((high adj dielectric
adj constant) or (ferroelectric)) adj gate adj
(layer or film)) and (gate or electrode)

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

OR

ON

2009/04/22
14:50

80
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addressed to the Mail Stog ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

Customer No.: 53080 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE - | FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J
11/491,260 07/24/2006 ' " Junji Hirase 071971-0620 4092
TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME
I APPLN. TYPE SMALL ENTITY l ISSUE FEE DUE I PUBLICATION FEE DUE I PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300\ '$0 $1810 09/02/2009
[ ; EXAMINER ‘ ART UNIT | cuass-suscLass I
LUU, CHUONG A 2892 438-197000
(lfF(l:{h?nfgfi‘))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent f-ront page, list | McDERMOTT WILL &
) ’ .| (1) the names of up to 3 registered patent attorneys
[J Change of correspondence address (or Change of Correspondence or agents OR, alternatively, EMERY LLP
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2 :
(0 “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 nameis 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 idcnﬁﬁcgi 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)
PANASONIC CORPORATION Osaka JAPAN

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individual &l Corporation or other private group er;tity 0 Government

4a. The following fee(s) are submitwd: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

Issue Fee : (0 A check is enclosed. )
A Publication Fee (No small entity discount permitted) Q ayment by credit card. Form PT0O-2038 is attached. . »
{3 Advance Order - # of Copies ___Four (4) ) The Director is hereby authorized to charge the requirgd fee(s), any deficiency, or credit any
verpayment, to Deposit Account Numb{:r enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above) ‘ / :

Qa Applicant claims SMALL ENTITY status. See 37CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and PublicationFe q ill 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 o tent and Trademark Office. - : )

Authorized Signature 14 Date July 15, 2009
Typed or printed name Miﬁ"ﬁi}/ E. Fogarty ‘ Registration No. 36,139

This collection of information is :ﬁﬁigy 37 CFR 1.311. The information is r%%luired to obtain or retain a benefit bg the public which is to file (and by the USPTO to process)

an application. Confidentiality is ggve by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and

submitting the completed applicatign form to the USPTO. Time will v dégg:ndm upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for cing this burden, should be sent to the Chief [nformation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

%;x 1433, A\l/e_xap i 3,2\3/1?{1‘{232313-!450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contro! number.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: ggngxﬂﬁss}'om FOR PATENTS

Alexundrin, Vingnia 22313-1450
B0V

www.ospto,

CONFIRMATION NO. 4092

SERIAL NUMBER
11/491,260

FILING OR 371(c)
DATE

07/24/2006
RULE

CLASS
438

GROUP ART UNIT
2892

ATTORNEY
DOCKET NO.

071971-0620

APPLICANTS

** 08/08/2006

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

dd CONTINUING DATA dededededede ke drddrddededdede e hkh dededede

™ FOREIGN APPLICATIONS ***#vhkkiiaes
JAPAN 2005-227457 08/05/2005

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

Foreign Priority claimed

met
Verified and

Q yes Q no

35 USC 119 (a-d) condiions [ yes [ no [ Met atter

Allowance

IAcknowledged

Examiner's Signature

Initials

STATE OR
COUNTRY
JAPAN

SHEETS
DRAWING
11 20

TOTAL

CLAIMS

INDEPENDENT]
CLAIMS
2

ADDRESS
53080

TITLE

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME

FILING FEE
RECEIVED
1300

No.
No.

for following:

|FEES: Authority has been given in Paper
to charge/credit DEPOSIT ACCOUNT

O Al Fees

Q) 1.16 Fees ( Filing)

time )

0 1.17 Fees ( Processing Ext. of

(J 1.18 Fees ( Issue)

Q Other

U credit
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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.
11/491,260 08/25/2009 7579227 071971-0620 4092
53080 7590 08/05/2009

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 214 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 Customer Service Center of the Office of Patent Publication 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;

IR103 (Rev. 11/05)
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Doc Code: PET.PTA.RCAL

Document Description: Request for Recalculation in view of Wyeth PTO/SB/131 (01-10)
Approved for use through 02/28/2011. OMB 0651-0020

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.

REQUEST FOR RECALCULATION OF PATENT TERM ADJUSTMENT
IN VIEW OF WYETH*

Attorney Docket

Number: 071971-0620 / P42042-01 Patent Number: 7 579,227

Filing Dat :
(or 371(0) or (7 Date):  7/24/2006 lssue Date: g/95/9009

First Named opge
mventor:  Junji Hirase

Title: Semiconductor device and method for fabricating the same

PATENTEE HEREBY REQUESTS RECALCULATION OF THE PATENT TERM ADJUSTMENT (PTA)
UNDER 35 USC 154(b) INDICATED ON THE ABOVE-IDENTIFIED PATENT. THE PATENTEE'S
SOLE BASIS FOR REQUESTING THE RECALCULATION IS THE USPTO'S PRE-WYETH
INTERPRETATION OF 35 U.S.C. 154(b)(2)(A).

Note: This form is only for requesting a recalculation of PTA for patents issued before
March 2, 2010, if the sole basis for requesting the recalculation is the USPTO’s pre-Wyeth
interpretation of 35 U.S.C. 154(b)(2)(A). See Instruction Sheet on page 2 for more
information.

Patentees are reminded that to preserve the right to review in the United States District Court
for the District of Columbia of the USPTO's patent term adjustment determination, a patentee
must ensure that he or she also takes the steps required under 35 U.S.C. 154(b)(3) and (b)(4)
and 37 CFR 1.705 in a timely manner.

*Wyeth v. Kappos, No. 2009-1120 (Fed. Cir., Jan. 7, 2010).

Signature //n// % pate < /ZZ/I*)

Name

(Print/Typed) M iace f-' /(067447—)’ Registration Number Bé, /37

Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with 37
CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one signature,
see below™,

D *Total of

forms are submitted.

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 hours 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-PT0-9199 and select option 2.
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Electronic

Acknowledgement Receipt

EFS ID: 7060230
Application Number: 11491260
International Application Number:
Confirmation Number: 4092

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/3328/Matilda Mason

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

071971-0620

Receipt Date: 22-FEB-2010
Filing Date: 24-JUL-2006
Time Stamp: 16:46:49

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number P Message Digest | Part/.zip| (ifappl.)
Request for PTA recalculation in view of 29423
1 equestror recalculation in view o 071971-0620Requestpdf no
Wyeth
2cbd309577f21ceca89¢2301723f12dca3d5)
7e35

Warnings:

Information:
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Total Files Size (in bytes):| 59423

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for 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 asa
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 DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

MCDERMOTT WILL & EMERY LLP Mail Date: 04/21/2010
600 13TH STREET, NW

WASHINGTON, DC 20005-3096

Applicant : Junji Hirase : DECISION ON REQUEST FOR
Patent Number : 7579227 : RECALCULATION of PATENT
Issue Date : 08/25/2009 : TERM ADJUSTMENT IN VIEW
Appliction No : 11/491,260 : OF WYETH AND NOTICE OF INTENT TO

Filed : 07/24/2006 : ISSUE CERTIFICATE OF CORRECTION

The Request for Recalculation is GRANTED to the extent indicated.

The patent term adjustment has been determined to be 246 days. The USPTO will sua
sponte issue a certificate of correction reflecting the amount of PTA days
determined by the recalculation.

Prior to the issuance of the certificate of correction, the USPTO will afford
patentee an opportunity to be heard and request reconsideration. Accordingly,
patentee has one month or thirty (30) days, whichever 1s longer, to file a
request for reconsideration of this patent term adjustment calculation. See 35
U.S.C. 154(b) (3) (B) (1i1) and 37 CFR 1.322(a) (4). No extensions of time will be
granted under 37 CFR 1.136.

Patentee should use document code PET.OP if electronically filing a request for
reconsideration of this patent term adjustment calculation. The patentee must
also include the information required by 37 CFR 1.705(b) (2) and the fee required
by 37 CFR 1.18(e). If patentee does not file a timely request for reconsideration
of this patent term adjustment calculation including the information required by
37 CFR 1.705(b) (2) and the fee required by 37 CFR 1.18(e), the USPTO will issue a
certificate of correction reflecting the PTA determination noted above.

Patentee should be aware that in order to preserve the right to review in the
United States District Court for the District of Columbia of the USPTO patent
term adjustment determination, patentee must ensure that he or she also take the
steps required under 35 U.S.C. 154 (b) (4) (A) in a timely manner. Nothing in the
request for recalculation should be construed as providing an alternative time
frame for commencing a civil action under 35 U.S.C. 154 (b) (4) (A).

PTOL-549G (04/10)
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,579,227 B2 Page 1 of 1
APPLICATION NO. : 11/491260

DATED . August 25, 2009

INVENTOR(S) . Hirase et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title Page:

The first or sole Notice should read --

Subject to any disclaimer, the term of this patent is extended or adjusted under 35 U.S.C. 154(b)
by 246 days.

Signed and Sealed this
Fourteenth Day of September, 2010

Dcw:&l - JLW

David J. Kappos
Director of the United States Patent and Trademark Office
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