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Docket No.: 085393-0808 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

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

U.S. Serial No. 13/037,831 : Group Art Unit: Not Yet Assigned

Filed: July 12, 2012 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE

PRELIMINARY AMENDMENT

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

Alexandria, VA 22313-1450

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

follows:

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

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

Amendments to the Claims begin on page 4 of this paper.

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

Please amend the title as follows:

SEMICONDUCTOR DEVICEANBD-METHOD-EORFEABRICATINGTHESAME
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IN THE SPECIFICATION:

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

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1,
2011, which is a Divisional of U.S. Application No. 12/505,799, filed on July 20, 2009, now
U.S. Patent No. 7,923,764, which is a Divisional of U.S. Application No. 11/491,260, filed on
July 24, 2006, now U.S. Patent No. 7,579,227, claiming priority of Japanese Patent Application
No. 2005-227457, filed on August 5, 2005, the entire contents of each of which are hereby

incorporated by reference. --
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IN THE CLAIMS:

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

Listing of Claims:

1-20. (Canceled)

21. (New) A semiconductor device comprising:

a gate insulating film formed on an active region in a substrate and including Hf;

a gate electrode formed on the gate insulating film;

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

wherein a width of the gate insulating film along a gate length is larger than a width of
the gate electrode along the gate length, and

an end of the gate insulating film under the insulating sidewall is located to retract from

an outer end of the insulating sidewall toward the gate electrode.
22. (New) The semiconductor device of claim 21, further comprising a buffer insulating
film formed of a silicon oxide film and provided between the substrate and the gate insulating

film.

23. (New) The semiconductor device of claim 21, wherein

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

24. (New) The semiconductor device of claim 21, wherein

the gate insulating film is formed of a HfSiON film..
25. (New) The semiconductor device of claim 21, wherein
a part of the gate insulating film located under the insulating sidewall includes a notch at

the end thereof.

26. (New) The semiconductor device of claim 21, wherein
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a part of the gate insulating film located under the insulating sidewall has a thickness of

2 nm or less.

27. (New) The semiconductor device of claim 21, wherein
an end of the gate insulating film protrudes from a side end of the gate electrode toward

the insulating sidewall.

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

film.

29. (New) The semiconductor device of claim 21, wherein
the insulating sidewall has a triple layer structure including a first oxide film, a nitride

film and a second oxide film.

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

width of a bottom surface of the gate electrode along the gate length.

31. (New) The semiconductor device of claim 21, wherein
the end of the gate insulating film located under the insulating sidewall has a tapered

surface.

32. (New) The semiconductor device of claim 21, wherein
the gate insulating film located under the insulating sidewall has a thickness which

becomes smaller toward the end thereof.
33. (New) The semiconductor device of claim 21, wherein

the width of the gate insulating film along a gate length is larger than a width of part of
the gate electrode in a middle position in height along the gate length.
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REMARKS

The specification in the above-referenced application has been amended to incorporate
the continuity information. The title has been amended. Additionally, this amendment cancels
claims 1-20, without prejudice. New claims 21-33 are pending examination in this Divisional

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

requested.
Respectfully submitted,
McDERMOTP WILL & EMERY LLP
ol . Fogiry
RegistrationNo; 36,139
600 13" Street, N.W. Please recognwe our Customer No. 53080
Washington, DC 20005-3096 as our (gforrgﬁpondence address.

Phone: 202.756.8000 MEF :ksa
Facsimile: 202.756.8087 ~
Date: July 12,2012
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SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

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

Description of Prior Art

In recent years, as the degree of integration, function and operation speed of
semiconductor integrated circuit devices have been highly improved, there have been
attempts to reduce a junction depth of an extension according to a scaling rule and, at the
same time, to use, as a gate insulating film of a MISFET, a high dielectric constant film
formed of a Hf based oxide, Al based oxide or the like, which has a relative dielectric
constant of 10 or more, instead of an Si0, 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 10S.
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

Page 15 of 203



W

10

15

20

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. In the semiconductor device,
the high dielectric constant gate insulating film is continuously formed so as to extend
from under the gate electrode to under the insulating sidewall, and at least part of the high
dielectric constant gate insulating film located under the insulating sidewall has a smaller
thickness than a thickness of part of the high dielectric constant gate insulating film located
under the gate electrode.

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

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

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

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

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

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

In the semiconductor device of the present invention, the gate electrode may be a

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

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

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

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

the step d2), the step of removing part of the high dielectric constant gate insulating film
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located in an external side to the second insulating sidewall.

In the method for fabricating a semiconductor device according to the present
invention, the dielectric constant gate insulating film may be selectively removed by wet
etching.

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

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

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

be reduced. Furthermore, since extension implantation or LDD implantation is performed
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through the part of the high dielectric constant film which has a small thickness, increase in
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 device
according to a modified example of the first embodiment of the present invention.

FIG. 7 is a cross-sectional view illustrating a structure of a semiconductor device
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according to a first modified example of the second embodiment of the present invention.

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.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodiment)

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

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

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

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

10
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dielectric constant gate insulating film 4A located under the sidewall 7 is smaller than a
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. As a result, a high overlapping effect between a gate and a drain can
be achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device
characteristics and hot carrier reliability can be improved at the same time.

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

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

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

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

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

regions 12 can be further suppressed.

(Second Embodiment)

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

description will be made using an n-type MISFET as an example. However, even when
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the present invention is applied to a p-type MISFET, the same effects as those of this
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 formed in a
substrate 1 made of, for example, silicon. The gate electrode 5 is formed on the active
region with a high dielectric constant gate insulating film 4B interposed therebetween. An
insulating sidewall 7 is formed on each side surface of the gate electrode S with an offset
sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of
parts of the p-type well 2 located under the offset sidewall 6 and the sidewall 7.
Furthermore, a p-type pocket region 11 is formed in part of the p-type well 2 located under
the n-type extension region 10. N-type source/drain regions 12 are formed so that each of
the source/drain regions is provided in part of the p-type well 2 located in the external side
to the n-type extension region 10 and the p-type pocket region 11 when viewed from the
gate electrode 5.

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

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

According to this embodiment, each side end portion of the high dielectric constant
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gate insulating film 4B is not in contact with the offset sidewall 6 and continuity of the
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 portion of the gate electrode S
can be suppressed, so that deterioration of device characteristics of the MISFET and
reduction in the reliability of the gate insulating film can be prevented.

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 S 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
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drawings. FIG. 7 is a cross-sectional view illustrating a structure of the semiconductor
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
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high dielectric constant gate insulating film 4C located under the offset sidewall 6. That is,
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
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semiconductor device (more specifically, a double sidewall type MISFET) according to the
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 S and the offset sidewall 6 but also under the
sidewall 7. That is, the high dielectric constant gate insulating film 4D is continuously
formed so as to extend from under the gate electrode 5 to under the sidewall 7.

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

According to this modified example, the high dielectric constant gate insulating
film 4D is continuously formed so as to extend from under the gate electrode 5 to under the
sidewall 7. Thus, even when the offset sidewall 6 has a very small width (thickness), each
side end portion of the high dielectric constant gate insulating film 4D is not in contact
with the sidewall 7 and continuity of the high dielectric constant gate insulating film 4D at
an end portion of the gate electrode 5 is maintained. Accordingly, reduction in the
dielectric constant and insulation property of the high dielectric constant gate insulating
film 4D at the end portion of the gate electrode 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.
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In this modified example, as in the first embodiment, because of the existence of
the high dielectric constant gate insulating film 4D under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of the n-type source/drain
regions 12 is increased. However, as has been described, in this modified example, the
high dielectric constant gate insulating film 4D is formed so as to have a smaller thickness
in the part located under the sidewall 7 than a thickness of the part located under the gate
electrode 5. Therefore, increase in a parasitic capacitance and adverse effects on circuit

speed due to the increase can be suppressed.

(Third Embodiment)

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

FIG. 5 is a cross-sectional view illustrating a structure of a semiconductor device
according to the third embodiment. As shown in FIG. 5, a gate electrode 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 S 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
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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 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 S.

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

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

According to this embodiment, the high dielectric constant gate insulating film 4E
is continuously formed so as to extend from under the gate electrode S 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 S is maintained. Accordingly, reduction in the
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dielectric constant and insulation property of the high dielectric constant gate insulating
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 S. 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 can 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)

20

Page 32 of 203



W

10

15

20

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

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

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

regions 12 can be further suppressed.

(Fourth Embodiment)

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

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

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

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

(Modified Example of Fourth Embodiment)

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

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

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

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

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

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

(Fifth Embodiment)

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

First, as shown in FIG. 11A, a STI 3 which is to be an isolation region is selectively
formed on a substrate 1 of, for example, silicon and then, for example, B (boron) is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 x10% cm 2. 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. 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.,
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about 1 nm in terms of an equivalent oxide thickness).

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
SA 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 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. Subsequently, using the gate electrode 5 as a mask, for example, As
(arsenic) is ion implanted into the substrate 1 at an implantation energy of 2 keV and a
dose of 1 x 10" ¢cm ~*, thereby forming an n-type extension region 10. Thereafter, using
the gate electrode 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 S.

Next, using the gate electrode 5 and the sidewall 7 as a mask, for example, As is
ion implanted into the substrate 1 at an implantation energy of 10 keV and a dose of

5 x 10" ¢m™, and then, for example, spike RTA (rapid thermal annealing) is performed at
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a temperature of about 1050 °C, thereby activating the implanted impurity. Thus, as
shown in FIG. 11F, n-type source/drain regions 12 are formed.

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

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

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

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

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

(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"? cm™2.
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 surrounded by

the STI 3 so as to have a thickness of about 0.5 nm and then, as a high dielectric constant
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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. 12C, 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
5SA 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" 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.
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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. 12F, an
insulating sidewall 7 on each side surface of the gate electrode S 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 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
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gate insulating film 4 located in the external side to the gate electrode 5 is preferably
reduced to about 2 nm or less (so that a surface of the substrate 1 is not exposed).

In this embodiment, after the offset sidewall 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6
is 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
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for fabricating a semiconductor device according to the seventh embodiment.

First, as shown in FIG. 13A, a STI 3 which is to be an isolation region is
selectively formed on a substrate 1 of, for example, silicon and then, for example, B is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 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'? cm™?) for channel formation are
performed.

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

Next, as shown in FIG. 13C, for example, a gate electrode material film 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. 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 S can be reduced so that a

remaining thickness of the part of the high dielectric constant gate insulating film 4
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becomes about 2 nm.

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 2, thereby forming an extension
region 10. Thereafter, using the gate electrode S 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 is deposited over the substrate 1 to a thickness of about
50 nm, and then the insulating film is etched back to form, as shown in FIG. 13F, an
insulating sidewall 7 on each side surface of the gate electrode 5 with the offset sidewall 6
interposed therebetween.

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

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

simple manner.
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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 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 S and the offset
sidewall 6 as a mask, increase in acceleration energy can be suppressed at a minimum
level. Accordingly, a shallow junction can be formed at an even shallower depth in the n-
type extension region 10 in a simple manner and thus device characteristics can be
improved in a simple manner.

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

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

the external side to the gate electrode 5 is preferably reduced to about 2 nm or less.
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(Eighth Embodiment)

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" ecm™®) for punch-through stopper formation and ion implantation (of B at an
implantation energy of 20 keV and a dose of 5 x 10'? cm ) for channel formation are
performed.

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

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

thickness of about 10 nm.
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Next, a resist pattern (not shown) is formed on the cover film 15 so as to cover a
gate electrode formation region, and then the cover film 15 and the gate electrode material
film SA are etched in this order using the resist pattern as a mask, thereby forming, as
shown in FIG. 14D, a gate electrode 5 with its upper surface covered by the cover film 15.
Thereafter, part of the high dielectric constant gate insulating film 4 located in the external
side to the gate electrode 5 is removed by a thickness of about 2 nm by selective etching.
Thus, a thickness of part of the high dielectric constant gate insulating film 4 located in the
external side to the gate electrode 5 can be reduced so that a remaining thickness of the
part of the high dielectric constant gate insulating film 4 becomes about 2 nm.

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

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask,
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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. 14G, n-type source/drain regions 12 are formed.

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

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

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

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

According to the above-described fabrication method of this embodiment, the
MISFET structure (see FIG. 2) of the second embodiment using a FUSI (full silicide)

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

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

In this embodiment, after the offset sidewall 6 has been formed, part of the high
dielectric constant gate insulating film 4 located in the external side to the offset sidewall 6
is 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 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
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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 formed on
the same substrate may be performed after ion implantation for forming the n-type
extension region 10 and the p-type pocket region 11 and then removal of the part of the
high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6.

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

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

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

In each of the fifth through eighth embodiments, instead of the n-type MISFET, a

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

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

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

1. A semiconductor device comprising:

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

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

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

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

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

constant gate insulating film located under the gate electrode.

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

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

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

constant gate insulating film located under the gate electrode.

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

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

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

constant gate insulating film located under the first insulating sidewall.

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

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

constant gate insulating film located under the first insulating sidewall.

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

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

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

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

insulating sidewall has a smaller thickness than a thickness of part of the high dielectric

41

Page 53 of 203



10

20

25

constant gate insulating film located under the gate electrode.

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

insulating film includes a notch at a side end portion.

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

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

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

silicon oxide film or a silicon oxynitride film.

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

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

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

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

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

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

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

electrode.

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

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

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

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

therebetween.

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

the external side to the first insulating sidewall.

15. The method of claim 13, further comprising:

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

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

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

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

film is selectively removed by wet etching.

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

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

film is selectively removed by wet etching.

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

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

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

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

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

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

located under the gate electrode.
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MEI Form -1.2. (July 1. 2005)
Docket No.

DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION
X Original OO0 Supplemental [J Substitute O PCT O Design

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

Title:___SEMICONDUCTOR_DEVICE AND METHOD FOR_FABRICATING THE SAME

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

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

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

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

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

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

COUNTRY APPLICATION NO. DATE OF FILING PRIORITY

CLAIMED
JAPAN 2005-227457 August 5, 2005 Yes

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

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

h
|

Number . (Day/Month/Year Filed)

—_ e ——————————————

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

-1-
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MEI Enrem 4 2 {li:h: 1 onncy

Docket No.

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

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

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

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

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

Direct Correspondence to:

CUSTOMER NUMBER 53080

| further declare that all statements made herein of my own knowledge are true, and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United
States Code, and that such wiliful false statements may jeopardize the validity of the application or any patent issuing thereon.

Full Name of Sole or First FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
inventor Junii HIRASE - ]
o Sy (Fser€ Ty Il Dovi
Residence & Citizenship cITY STATE OR COUNTRYY / COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

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

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Second Inventor Akio SEBE Y -
o Alebe May, /], 228
Residence & Citizenship cImy STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

C/0 Matsushita Electric Industrial Co., Ltd., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501
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MEI Form -1.2, (July 1, 2005)
DOCKEL No.

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Third Inventor i . .
Nacki KOTANI Yy /é . m@f Ll 2006
Residence & Citizenship cITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
' Hyogo Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

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

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Fourth inventor Gen OKAZAKI . ; !
Geu Dfaza k/ May !l . Qo006
Residence & Citizenship ciTY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Hyogo Japan Japan
Post Office Address ADDRESS CITY STATE OR COUNTRY ZIP CODE

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

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE

Fifth Inventor Kazuhiko AIDA Apptileo A ido ///y s 2o

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

Post Office Address ADDRESS CIiTY STATE OR COUNTRY ZIP CODE

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

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Sixth Inventor Shinji TAKEOKA SL s mlchCA Mey L So0b
Al
Residence & Citizenship CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
Osaka Japan Japan
Post Office Address ADDRESS cITY STATE OR COUNTRY ZIP CODE

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

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

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

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

The above application may be more particularly identified as follows:

U.S. Application No. Filing Date .
Applicant Reference Number __P42042-01 Attorney Docket No.
-3-
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Docket No.: 085393-0808 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080

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

U.S. Serial No. 13/037,831 : Group Art Unit: Not Yet Assigned

Filed: July 12,2012 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE

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. Tt 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.
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The references were cited by or submitted to the U.S. Patent and Trademark Office in parent

application Serial no. 13/037,831, filed on March 1, 2011, which is relied upon for an earlier filing

date under 35 USC 120. Thus, copies of these references are not attached. 37 CFR 1.98(d).

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

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF :ksa
Facsimile: 202.756.8087
Date: July 12, 2012

Respectfully-sybmitted,

/

McDERMOAT WILL & EMERY LLP

Re g?fstra%h No: 36,139

Pleasg‘;recogp‘ize our Customer No. 53080
as our correspondence address.
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SHEET 1 OF 1

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

ATTY. DOCKET NO.
085393-0808

SERIAL NO.
Divisional of U.S. Serial
No. 13/037,831

APPLICANT
Junji HIRASE, et al.
(Substitute for form 1449/PTO) FILING DATE GROUP
July 12, 2012 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 Codes g known MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us 7,823,764 04-2011 Hirase et al.
us 2004/0227185 11-18-2004 MATSUMOTO et al. Corresponds w/ JP 2004-241755
us 6,992,358 01-2006 Hieda et al.
us 6,929,992 08-2005 Djomehri et al.
us 6,642,071 11-2003 Cheng, Jia-Shyong
us 2006/0121740 A2 6/8/2006 SAKAI et al
us 2003/0022422 A1 01-30-2003 TORIl et al.
us 2004/0004234 A1 01-08-2004 YAGISHITA et al.
us 2004/0129997 A1 07-08-2004 MORIFUJI
us 2005/0121733 A1 06-09-2005 CHEN et al.
us 2005/0127436 A1 06-16-2005 HENSON et al. Corresponds w/ CN 1610129 A
us 7,579,227 08-2009 Hirase et al.
us 2005/0121733 06-2005 Chen et al.
us 6,992,358 01-2006 Hieda et al.
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
JP 2005-064190 03-10-2005 TOSHIBA CORP English trlanslation
only
JP 2004-172178 06-17-2004 X
JP 2003-258241 09-12-2003 X
CN 1610129 A 04-27-2005 Corresponds w/
US 2005/0127436
JP 2004-356576 12-16-2004 SEMICONDUCTOR
LEADING EDGE
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 jougﬁsa}:,ezerial. symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO pu .

WATANABE, Ken, Partial English Translation of “HfSiION-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 88-777-780-lEDM 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-[EDM 00

U.S. Office Action issued in U.S, Patent Application No. 11/543,865 dated on November 12, 2008

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

CN 200610093872.2, dated March 20, 2009.

Notice Allowance issued in United States Patent Application No. 13/037,831, mailed April 13, 2012.

Notice Allowance issued in United States Patent Application No. 12/505,799, mailed December 13, 2010.

Notice Allowance issued in United States Patent Application No. 11/491,260, mailed June 2, 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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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji HIRASE

Filer:

Michael E. Fogarty/Kayla Adkins

Attorney Docket Number:

085393-0808

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-;l‘;(tsa)l in
Basic Filing:
Utility application filing 1011 1 380 380
Utility Search Fee 111 1 620 620
Utility Examination Fee 1311 1 250 250
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sula—;l'g(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1250
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Electronic Acknowledgement Receipt

EFS ID: 13240911
Application Number: 13547913
International Application Number:
Confirmation Number: 2994

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji HIRASE

Customer Number:

53080

Filer:

Michael E. Fogarty/Kayla Adkins

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

085393-0808

Receipt Date: 12-JUL-2012
Filing Date:
Time Stamp: 17:44:33

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1250

RAM confirmation Number 4913

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 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document . L . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
45677
R L P04204205_TRN_0853930808d
1 Transmittal of New Application N no 3
ivisional.pdf
0ec90d5fad935fde027bd7ca8eb0d085¢98
Warnings:
Information:
55927
2 Preliminary Amendment P04204205_AMEND- no 6
i P_0853930808prelimamen.pdf
29e6435baf248adbf98a3809bdafa8dffdcs
7218
Warnings:
Information:
1847452
P04204205_SPEC_0853930800
3 yes 45
spec.pdf
2ff5ac2e16050ab7c2e8d6edaf687f4920794
8%
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 39
Claims 40 44
Abstract 45 45
Warnings:
Information:
. o 340231
4 Drawings-only black and white line P04204205_DRW_0853930808 no -
drawings drawings.pdf
ee32bc694f5904251345166a4c66596ab04
Warnings:
Information:
P04204205_DEC_0853930808d 164249
5 Oath or Declaration filed - no 3
ec.pdf
92d6f2b2a47c6cacl 15ddf49290c9a274dad|
Warnings:
Information:
. . . 84457
Information Disclosure Statement (IDS) | P04204205_|DS_0853930808id
6 no 3
Form (SB08) s.pdf
10b8f704d149f93b0a4057 c0f500f26f202ad|
Sbb
Warnings:

Information:

This is not an USPTO supplied IDS fillable form
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32968
7 Fee Worksheet (SB06) fee-info.pdf no 2

cleacc1a2695781513bb17adb880ff93b39¢

Warnings:

Information:

Total Files Size (in bytes); 2570961

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application 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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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
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.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For’ IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Applcation or Docket Number | Filing Date
Substitute for Form PTO-875 13/547,913 07/12/2012 | [ 7o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b} or (c))
] seARcH Fee
(37 CFR116(k) (i) or (m) N/A N/A N/A N/A
D EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
TOTAL CLANS ek T on [
INDEPENDENT CLAIMS . . ~ ~
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
%F;PCL;%?USN SIZE FEE is $250 ($125 for small entity) for each
{ 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 07/12/2012 AFTER PREVIOUSLY EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
Z AMENDMENT PAID FOR
LI —
S T?;?I (37 CFR ~13 Minus | = 20 -0 X$ = OR X $60= 0
5 :
E 'Qfgﬁgﬁdﬁ?}] « 1 Minus | =3 =0 X$ = OR | X $250= 0
<§( D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE (8) | Feg (9) RATE ($) FEE ($)
— AMENDMENT PAID FOR
z Total @7cFr . Minus | - Xs = or |xs =
= EE R Minus | - - Xs__- OR XS -
P I:l Aoplicati )
] pplication Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:

/JOY J. DOBBS/

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

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/547,913
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(3), (b), o (<)) N/A N/A N/A N/A 380
SEARCH FEE
o o) N/A N/A N/A N/A 620
EXAMINATION FEE
A T ON TEE N/A N/A N/A N/A 250
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 13 minus 20 = OR |x 60 - 0.00
INDEPENDENT CLAIMS . *
(37 GFR1.16(h)) 1 minus 3 = X 250 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1250
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * inus | ** =
s (37 CF?R ?.16(i)| Minu = OR |[x =
a Independent * Minus | *** =
E (37 CFR 1.16(h) = OR |[x =
E: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE®) FEE(S)
E AMENDMENT PAID FOR
w Total * Minus A = =
= (a7 CF% ?.16(i)) OR |x -
% Independent * Minus [ *** = _ OR M _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICGE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSQIND CLAIMS
13/547,913 07/12/2012 2811 1250 085393-0808 13 1
CONFIRMATION NO. 2994
53080 FILING RECEIPT
MCDERMOTT WILL & EMERY LLP
600 TH STREET, N LT

WASHINGTON, DC 20005-3096
Date Mailed: 07/27/2012

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

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

Domestic Priority data as claimed by applicant
This application is a DIV of 13/037,831 03/01/2011
which is a DIV of 12/505,799 07/20/2009 PAT 7923764
which is a DIV of 11/491,260 07/24/2006 PAT 7579227

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2005-227457 08/05/2005

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.
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If Required, Foreign Filing License Granted: 07/24/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/547,913

Projected Publication Date: 11/01/2012
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE
Preliminary Class
257

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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2 5 %235 & Iy — NEMD & EFERY — hMiEglE4d A~4 E L oficNy 757
—HUEIE 2 AT L kv, Z oIS LUE, EZEAR - S — MERIERI R OV — - e
- — NEMFHOW G OHEHIET L2 88T E L,

(007 7]

(3 4 oFEaZRED M)

LI, AFEIADE 4 OFFEHZRED Z A 445 P ARIEE DT, -ﬁ%*mbﬁﬁ

S5EHT S, M1 01, #4 OFRWIEZEOZEIZANAR2 PR REE (BARRNCEs > 7r
B A R4 —VHoOMI SFET) o2 rIKHENTSH 5.,

(007 8]

*ﬁﬁ/ﬁ“ﬁ)%4 O)%ﬁ[@ﬂ:ﬁééiﬁ 72'9 Lb‘é’ﬁbi .1 OC\-TT‘;O < ‘}j—/{ ]\\#71""}1/
7 OREGE O TRRIAE T 5 SEfEE Yy — b@éﬁ4A&0A/77w@@F25@mF
izt —38, 2 MM ofimiisd 2 v FIRICIRO < 2 itk 2 v F
20MWFTFToNTDLZETHL,

(007 9]

KENC LA E, F— R NEBMHS5LnMMyY —2 - RLAVHEIEL 2 oflorgo F5
WERNT 2 RIS~ OEGEZ L) —Jgilidlld 5 2 28Tt & 5,

[0080)

m, REEMNCBCT, B 1 oRpIEEBOSRERY — M4 A2 Ny 7 7 —ifiiz
N2 5 & ofEfEgEloflGIRc s v F202¥F7=. UL, ZHICNAT, B 2%
WEfZRED SRR 7 — Mg 4 B, 2 OFEHIREOH 2 B o mifE R — Mk
4 C. 32 oFEwIPREDH 3 M o SkExr — Mg 4 D XUTHE 3 o ez
FRAEEYS — MERIE4 EonTnr e Ny 7y —HigE 2 5 & ofiE izl o fMimskis
oy FFTTH, AEREME GOSN S, Zob &, FEEFEERS — Nigis
AA~AECHMRL EDfITNy 7y —ffugi2 5 2% 5 & iC, 7F— NEML & ERE
R — MgE4 A~4 E & oI Ny 7 7 — i % 3% Ha%ib

(008 1)

(38 5 o FKuIZag)

LIT., ARFEHDOHE 5 O FFEIZRE R4 FEMAEE odliE kI ownT, niIMI SFE
TodhE HZE2M e L7, Az SE Lo A4S, 11 (a) ~ (f) X, 85
DFFEIZRBI T 45 M EE oS HEO& T2 RIKIHXTH 5.

(008 2]

F9. 11 (a) IR d LS. M var»rensiii b1, E17 08K
5 ST I 3&EERMNIIZARL 2%, K 11T L T, MAIEB (Ray) Z2EFEATR
ME—-300keV., R—=ZE1X10Bem20588 A4 FEATSL, ZHITED,
WMEMIRE 2D p T =L 2R E NS, FbT. N F ANV — A Ny NERO A A
VEHEA (FEAALA Y B, HFAZRLEXE—-150keV, F—XE1X101B3cm2) &
OF vy 2 NVIERBAO A A A GEAALAY : B, FAZRILE—-20keV, R—ZXE
5X1012cm2) 2175,

(008 3]

PRI B1 1 (b)) 9 £, pHAY = )L 2IcBTFA5STI 3k THENE
PEAHIR D BT, Ny 7y —ffiglEe LT A EERO. 5nmﬁﬁ@/ua/&ﬂﬁ(l
RAE) BARL 2. SEEERS - MEgE4 & L T AIEIEEA nmFEEOH T S i
ONE (ER UEBEFEIT 1 nmFiE) Z2HfEd 5,

[0084)]

AT, 11 (o) IORT LD, EiERY — M4 FIcfz2 31 00 nm
FREOF — NEMMEIES AZERT 5.

[0085)

K2, 7 — NEMAAMEAES A Fi27 — NEMIEREIREZE S LY A MY — 2 (BURE
B8 ZIEARL 7218, UFL I ARARY -2 R 2 L TH — NEMEIES AlcifL T
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TyF T TC, K11 (d) IRT LD, F— NEMNDS EEKRT S, Tox. &
— NEM b OMINTAE T 5 EREERY — MR 4 2 SRy F o 72k 5 TUEE 2
nmFEE{RETES. ZRICEY,. F— NERDS oMINTHE T 5 SEEERS — N4
PHEFFEE2 nmIEEE CHITLIENTESL, T, F— hNERS2~ A7 2 LT
FM LIS L T, MIAFEAs (B3 2FHEATZRILE—-2keV, F—XE1X10l5c
m2OFRLETCAAVFATLIEICLY, no s 25722 g 8K 0 2RI 5, %
DE, F—HNEMLS A7 & L THMLITHTLT, MAFEBZ2FAZRILE—10ke
V., R=ZX&3X10Bcm20FHTAL 2 FATLIEIZEY, pMERy v Mk

12T 5., 22T, pdRYy v MAKL 1 2K L 721%. nllmy 25 >3 g R
1 0&ERRL TH Ly,

(00 86)

RS, AL @ FIC£MicE S THEE S O n mFES oMt 2 Hifs L 7218, YL
WL Ty F Ny 7 217->C, H1 1 (e) ITRT KD, F— MNEhr 5 ol
MW A Ko7 — V7 ZERT 5,

(008 7]

RIS, 7= RNEMS RO A R — LT <A & U CHEMNRLICHL T, MIAIEA s
PHEATRINLE—10keV, R—ZXE5X10Becm205%ETA A FEALEE.
ZIFT1050CHEEOEETCSPIKE RTA (rapid thermal annealing ) % {TV>,
FHARNGY 2 5EEALT S, gk, 11 (£ WRT LIS, nlYy—=- KL Ao
CHEIR L 2Rk E RS,

(00 88)

DL FIZERBA U e AT ez tlit f5kic k5 & B 1 oFKiEEOM T S F E THEE (
X 12 2 EIcRET L2 & TE 5,

(00 89)

L 2T, EipEERY — M4 1TELSEE ZATHS 20, EFEERY — MighE
4 2R\ TABFEAALAAL DR p (Projection Range ) 1Z/hE <Y Rod vy, fiE- T,
11 (d) ICRTLREIBNT, no 7 25 >3 g VBT O UEp R v RMMEE L
1 2T A 72012, 7F— NEM S ORI B W TERERY — M4 128 bh izt
MIITHTL CTA A EAT LT, MET VX -2 KELTDH0ERH L. L,
REREFZRETILY — NEEM 5 oMl o SEFE=R S — Mgt 4 WEBE ks Tnhb 7290,
INME T AN X — D KEZHHTELDT, nlm 7 2523 g UHIR L 0l2HBWLTIHRWE
GEBRZITERTE, TRICXY IS 25 o FE2XY 30,

[0090)

. ANERIZABIZEBWT, VA R g — L7 OFERREIS. A Rera—IL 7 oA
BT L EERERES — M4 2, 27 vl =y hTw F 27 TSR K
FGA T F U E>THRELTL LN, CDEE, Ty by F o 72HOLIEEIC
W, ¥ A R — v 7 oflimsko TARSAE 3 5 SiEE s — NMigltEd o —38. 2% b
SRR — N4 ofliREEE 2 v FIRICED BT 2 v FEFRT T kv, 2ok
AT L. Bl oORBEEOEIZMOMI SFE THE (M6 %) #EBICHET S
ZEWTEDL,

(009 1)

F 72, ARERIZEEIC BT, F— NEMS oMM B S SR ERY — Mgk 4 o
MEALDOFEELIZIFCIRES NS b D TIERwds, EidERy — MEgE4 & Ui IEH
SiONWELZHAGG. Y'—h - FLAVvBloRED FAHZHIET L0120, 7V — b
Bl 5 DM D EEREERY — M4 2R 2 n mFEEDI MCERBCT S (HUFEMR 1
DOFRMEPBH LKD) S &M E L,

(009 2]

(35 6 OHKJiuIZRE)

PUT. ARFEHDOHE 6 O FHIZREBIC 45 FEREKE odlE kil >nT, nliMI SFE
TotEFFEEME LT, Moz EHL s @iAdT 5, X1 2 (a) ~ (g) 1% $F6
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DOFFEIZREIC (25 B E oS A0S TREZRTRIHXN TS 5.

(009 3]

F9. M1 2 (a) ITRT LI, MRE U rssHiE 1, E 7B
aﬁésTlségﬁmuﬂﬁbt %, 1T LT MAIEBEFEATLRILE—-30
OkeV, F=ZXE1X10Bcm20% U TAAFATS, ZHUTEY, EHHEHERE
LMY 2 L 20ERENDS, fivT, N F AN — A by NERBAOA A4 F A GF
AAA B, HAZRNALF—-150keV, R=ZX81X10Bcm2) KUOF vl
TRk O A F 2 FEA GEAAA Y : Bl FAZRILF—20keV, R—ZXFELX 1012
cm™2) 2179,

(0094)

KT, 12 (b)) TR d k92, plIY =L 21TBFASTI 3k THENL
PR D Bl Ny 7 —ififgiE e UCHZIEEE 0. 5 nmfEE o U = U LiE (X
TREIE) IR L 2R, SEREES - M4 e LA RRE4 nmEEOH T S i
ONWE (FftiEaERE =13 1 n mFEE) Z2HEfET 5.

(009 5]

KT, 12 (e) WORT LI, SEafEERS — MivigliE4 FITfA3EE1 00 nm
R D7 — RE ﬁﬁﬂﬁSA%ﬂWﬁé

[0096)

Kz, = NEMMEIES A B2 — NEMIEREIREE O LY A RS — 2 (URE
B 2R L 7=8%. UL VA RSE — A7 L L THF — NENIERES Al LT
ToF T ETST, M1 2 (d) WoRTEDIS, F—MNEMRL EZEKRT S, T ¥
— NN 5 OAMINTVE T 5 EAEERY — M4 2 EIRN Ty F o 270 k- TR 2
n mFRERET L, 2Tk, V= &L oMo EERERY — Mg 4 & VEFE
E2nmBEEFEF CTEIITLIENTES,

(009 7)

RIS, HA 1 o FICAHICHS THEE 1 0 n mFS oM@l 2 s L 7215, Uikt
WL Ty F ANy 721750, H1 2 (e) 19 LD, F— hEM b oflmic4d >
Ty " AR —=VB8EFENRT L., TOHE., A7y M A K7 — 06 oA E
T LEFERS — MigiE4 2, IAET7vBEHGV Y=y by F U7 IFER K S
ATy F Uk THET S, finvC, V'— NEWMS NOA 78y A K73 —)16
A LTHENRLISGHTLT, IZIZAsZFEATZRILX—2keV, R—ZXB1X1
OLBem2DOFRMTAALVFEATLILICEY, nBZ 7 X522 g VKL O 2T
b, TDE., F—NEMLSNOT 72y N A RT3 — L6227 & LTHMLITHTL
T, MAEBEZHFAZANLNXT—10keV, R—=X&E3IX10Bcm2oftE A4 H
ATAHILICKY, pHRYy v REIRL 1 20T 5.

(009 8]

RIZ, AR 1 @ FICLicE - THE 5 0 n mFLfE oMl 2 s L 7215, Yikfans
WL Ty F Ny 7 R217->C, M1 2 (F) Iord k512, »7— NN S oflifict >
Ty M A RTgp—n6 &L Ciltigthoby £ Ko — L7 Z2ENRT 5,

(009 9]

Rz, = NBMWS5, 78y " A RT3 =NV KU A RT3 =N TEIAT L
THMRISHILT, MAIFAsZHFATZRLTF—10keV, R—XE5X1015¢cm2
DFETAFFEALE. MIZIT1I 050 CHEEOEETSPIKE RTAZZITU,
FEANY 2 mE Ly 5, ek, 12 (g) IRT LI, nlly—A - KL A
CHIR L 2AYERE NS,

(0100)

PLFICERBR U e AR TR dliE o k5 . B2 oFmlZiEoM 1 S F E THEE (
X 2 BI) %N RICEBIT 5 2 &3 TCE 5,

(0101)

M. KRB BWT, 7%y A R 3 — L 6 OfRkEIC., 7%y 8o R
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74—V 6 DAMINTTE § 5 SRFER S — M4 2. A7 vBEHw Y=y b
Ty F ko THETLE ,ﬁ?t;b%(Fﬁﬁ~»6@ﬂﬁ$@T@mﬁ§?
LEasERS — M4 o—88. D F D SAREER S — M4 ol 2 oo RIS
ROBRNT 7 v F 2T TH L, ZDEITTDHE. 2 0FEEEOH 1 ZEM oM
I SFETH (MN75H) #MBICERTLILNTES,

(010 2]

F 7o, AERIZAEICB T, 7 — NEMS OMINT B B EidER s — MNiuigiE 4 o
NEALDOFEEZIZIFCIRE S NS b O TIER WS, EiERy — M4 & L L@Hici“H £
SiONWEZHWLIEHEE, F— K- RLArlloggEo EEZ2HT L0121 7F— b
Ehlz 5 oMUl o EEE X& bﬁ@ﬁ4%ﬁF2nmﬁ?uT’%@ﬁ?é(@L%ml
DRMEMWBE LR X D) Z & HF L,

(010 3]

F o, ARFEWIEREICBWT, A7y R A RT3 =6 2FERLIEE. A7y M
A R4 — v 6 oM E 3 2 EaddExRyr — Mg 4 2 AL, Tok, nfllor =
F g VAR O RO p IRy v MEIRL 1 2R T A0 ATV iEAZRIT>72. L
ML, CHIRAT, A7y MY A RT3 — L8 2ERLIE. 7%y YA RKog
— )L 6 OHRTHEREALL 7o SEfEE Y — M4 2 FE S/ RETn M=y 25 >
g VAL O RO p ARy » NMAK L 1 ZIERT 27200 A 4 2 FEAZIT>TH L, 2
DEIITLTH, KEWBHERETITA 7y bV A R a—)L 6 OMMINTHiE T 5 FEifEE
= NI A VEEAL S N TV S 720, IEm RV — o KEHITE 50T, nl
T A5y g L OITBWTERWESEEZITERTE, 2T L D 731 25
D EEHY T, o, ZoEE, nlm s A5 v g VL O RO p IR v b
IR 1 1 2R T 572004V FEALRIT> 2%, A7y bV A K7 —I06 oA
ﬁ%?émﬁgzﬁ NifaiglE 4 2 L. T ok, [al 3R LB 5o F v LAl

IMOEFEZOMI SFETOIZZ A5 >3 g VHIBRORY v NMERZ TERT 5720
@4ﬁyﬁiéﬁofé£wc

[0104)

CWE2ES i)

LIT., RFEHDOHE 7 0TI R4 FEAEKE odliE 57k >n» T, nl MISF
ETo#lEHFEz2 e LT, MaZBHL2no3HT5, 13 (a) ~ (g) I
7T OEFEIZEEICR L FEMGE oS o0& T2 R TR TH 5.

[0105)

if‘m13(a)K%?iim‘Mz@yU:y#%&é%Wle‘i?ﬁﬁﬁﬁ
725 STI 3ZERANIIERL 2%, ER1 i L T, MAEBE2FEATLRILE—30
OkeV, K— 1£1x1owcm2@%# AT FEAT S, IR, AR
B p T 2 L 2R E NS, T, NUF AN — A~y NERHO A A4 E A GF
ALY B, FAZRILE~150keV, R—ZXE1X10B8cm?2) KUFy 2l
TEesHO AT FEA (FAAA Yt B, FAZRNLTEF—20keV, R—=XE5X1012
cm™2) Z{19.,

[0106]

PRI, B1 3 (b)) 129 &9, pHAY = )L 2IcBTFA5STI 3k THENE
PEAHIR D BT, Ny 7y —ffiglEe LT A EERO. 5nmﬁﬁ@/ua/&ﬂﬁ(l
RAE) BARL 2. SEEERS - MEgE4 & L T AIEIEEA nmFEEOH T S i
ONE (ER UEBEFEIT 1 nmFiE) Z2HfEd 5,

[0107)

AT, 13 (e) IORT LD, EihERY — M4 FIcfz2 31 00 nm
FREOF — NEMMEIES AZERT 5.

[0108)

K2, 7 — NEMAAMEAES A Fi27 — NEMIEREIREZE S LY A MY — 2 (BURE
B8 ZIEARL 7218, UFL I ARARY -2 R 2 L TH — NEMEIES AlcifL T
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TyF T EToTC, M1 3 (d) IRTEDIT. F— NEMNDS EBEKRT S, Tox. &
*‘1\%7555@%@&&1“[_@45[—);1% R — MR 4 2SR 2 T ks TR 2

nmfEERET LS. ik, F— NEM S oMIloEREER S — Mgt 4 2 FEs
EanﬁEi?%<TéZk%f%7o
(0109)

RIC, B L o FlceficE - TIRE 5 n miEE oiig i 2 HER L 212, Yisigiiic
STLTZwF Ny 22175, 13 (e) ISR LDIT, 7 — NEM 5 oIS HEfe M
@ﬁ7ﬂ/}%%fFWﬂ%W6%ﬁﬁﬁ75—%@ﬁ ZF— NEM 5 N7y R AR
A=V BIC RV HE I N TORWEFEERY — M4 £ X 5 EE 1 n mFEERRE
T5, Tk, A7y VA Ra—L6 O E T 5 EiRER7 — Mtk
4 2FEHEE]l nmBEETHEHLIT LI LN TES, 0%, F— NEMRS AT 72y
A RT3 —I6E<A7 & LTEMIITHTLT, MAIFAsEZFAZRILF—2ke
V., RF=ZX8B1X10becm20FH A4 FATLZZLIICLY, nlory 25>
VAL O RIS S, TR, F— NEMS MO Ty KA R — I8 EBTAY
CLUTEMNMLITEHL T, flAEB2F A2l X—10keV, F—XE3X10Bcm
LORMETAAEAT LI EICKY, pHRy v MMARL 1 2EKT 5.

([0110)

Kz, FMR 1 o FicLemic EoL@FBOnmﬁW@%@F%ﬁMLt@ é&%@ﬁ

;XTLVCDZ /9:/\//7721']‘“)( 13 (f) o '3‘4:') @ﬂ;{BODfE\UE
Ty R AR5 —IL6 %21 LT@@&@%{#@%~»7¢%W?7O
(0111)

Kic, = hREMS., A7y " A RT3 —=NL6 KB A R TG — L TEITATLL
THEAR 1L ISH LT, MIRIZAsZFATERNLT—10keV, R—ZXE5X10Bcm2
DFAFTAFUEALTE,. MZIT1 050 CHREORETSPIKE RTAZ{TV.
HARY) 2 G LT 4, ZUckY, 13 (g) IRT LI, nlly—2 - RLA
VHIR L 2R E NS,

(011 2)

PLRICEEH L 7= AR EodlE HiElc k5 2. B3 oEMZEOMIT SFE THME (
X 5Z) #HigMfERICEBT L2 &8 TE 5,

(011 3)

o, AFEREEICBOTE, A7y b A Kog—L6 FMICEZRERY — g
ﬁ4E®ﬁ@%*Ev<LEOﬁ7ﬁ/%ﬁ4%ﬁﬁ%w6@%ﬂ@mﬁ BRI — Ml
JEAEDEEZ ESITHLI LTS, 2ok, F— hNEWmS ROT 78y A Ry
*WG%VX?XLT\n@i§X%y&3y%ﬁl0%%&?6%@@4%?&X%ﬁ
IFCH. METZ AN X — DKL R/NRICHIFI TE 20T, nlloy 25 3 g VA4
1 0ICBOWTESITHWESEEZITERTE, ZRICEDFARS 25 Eom F2 Y R
ERAR

(0114)

IR ﬁ%%%%x%wf B A KT g =V 7 OFAREIS, A K7 —I)L 7 OSENTAL

BT SEpEEy — Mg 4d 2, A7 vge Gz =2y by F 2 7 TR K
74’?—/7’“/5'“_&«;&%5’:{/ bl T2 ZoBC, %4%‘Wﬁ~)v7ﬁ%ﬂ%ﬁ®%§?§

K — M4 o F Y EEFEER S — MiglE 4 ol E 2 v FIRITEY BT
wo;®;9 T &, B3 OEEIRE @Kﬂ%@MISFETﬁL(IS#H)%%ﬁ
WCHEHTHZ &N TESL

[0115)

F72. REBZRBIZBWT, ¥— NEWRS OMINI BT 2 5 EEy — Mg 4 ol
JEALOEE L, A7y " A R — 6o THIlicB T YA Ry —L7 o IS
BOTHIFICRES NS LD TR, L., EifEky — b%€%4cbcﬂkﬁH
fSiONEZHWAIHRE. ¥— k- RLAVEloFEo FEZMET L2023, 7 —
KM 5 DU D FEFEERY — Mgl 4 2185 2 n mFEE LI T %Fﬁ?é W E
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Lo,

([0116)

(3 8 D FEJEfZRE)

LIT., RFEHOFH 8 oL IZABIC AL B RE ot 7k >v»T, nIMI SFE
TodIWHERZME LT, MAZSHELNRLHATS. 14 (a) ~ (g) RUTH1
5 (a) ~ (d) &, B8 oFEMILEBIARAS PAEREE o dlis /7o & TFE 2 o3 WX
TH D,

(011 7)

F9. 14 (a) lTxdT &2, Mz varhrsesi i E 11, FE17 08
2705 ST I 3EERINTHZARL /212, 1L T, MIAIEBEZFEATZRXALF—30
OkeV, R—=ZXB1X10Bcm20oFMTCAAFEATSL, 2Ty, HHHEEE
L pTY 2 L 2R ENDS, FT, N F 2 — A by NERBAOA A FE A GE
AAT B, FAZRNALX—150keV, R=XB1X10Bcm2) KU'F v
kO A F 2 FEA GEAAA >t Bl FAZRNLF—20keV, R—XEL5X 1012
cm™2) 2179,

(011 8)

K2, HM14 (b)) 2R3 L9, pAlm =L 212B3ASTI 3 ks THENSE
PEEIR D FiT, Ny 7y —ifiighi e U AIEEE 0. 5 nmfEE o> U = g L (X
RENR) EIERL 2R, SRFEES - M4 & L THA IR 4 nmFEROoHE S i
ONB (BRI ESEI 1 n mFLfE) ZHEFET 5.

(0119)

Kic, H1 4 (e) WoRT LD, FafdEEr — MigliEd Bior7— NEMMEHES A
ELTHAEEEL OO0 n mfEEDORY VU a Rkl /2%, »7'— NEMMEES A
D FIZHN—E (&) 15 LTHAITHEEL O n mFEE D> U a > {liE 2 HiFE 3
%,

(01 20)

Wiz, HXN=JE1 5 oy — NEMEREREZEE S LY A MY =2 (FIREK) 2
L7721, VLI ARRY -2 2R L THNA—EL 5 RO — NEMMEES A
WL TER Ty F 2 724> 7TC, 14 (d) IR &2, AN—JEL BICKD L
WELN/F— NEMDS 2T 5, 2ok, 7F— NEM S oM E S 5 SiER S
— M4 Z IR =y F o 7 k> TUEE2 n mfEERET S, 2hickd, 7F—h
Tl 5 OMUDEEFERY — M4 2 ERE 2 n mfEEE THITL2 28 TE S

[(0121)

YRIZ. A1 o FICAICE - CTHEE 1 O n mFLE Mg 2 HEFE L 7215, Y25
WL Ty F RNy 7 21T7-TC, 14 (e) 1T kDT, »¥— NEMS ofllfizt >
Ty N A R4 —=VBEENRT L. TOE. A7y b A K7 —)L6 ORI E
T LHEmAEET — MiglE4 2. IAIE7vEEHAGEY =y by F U 7 UTEIRK S
ATy F Tk SsTHRET S, v, ¥Y— NEMLS KUOA 72y YA KU —)16
A2 LTI LICEHL T, flzIFAsZHEATRLE—-2keV, R—ZXB1X1
OBem20FfMETAAYFATLILICEY, nm 7 252 g VKL O 2K
L, Ttk K= NEWMSKROCA Ty "B A RT3 — V6B A2 & LML ITHTL
T, MIAFEBEFATZRLFEF—~10keV, R—ZXE3IX10Bcm2ORETAIUE
ATHZ Ik, pRyy N1 1 20T 5,

[0122]

YRIC. HMK 1 @ Flic4ficE- TE/ES O n mEEE oMigE (x2S i NI %M
L7z, Mg L Ty F Ry 22175 TC, M1 4 (f) IR LD, F—Fh
Tk 5 OflHEICA 72y A K4 —L6 2N L TGO 4 Ry ar— 7 2T
5.

(012 3]
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RIS, = NEML, 7y AR T4 — L6 KOV A RTIp—LTETATZ L
THMWMLICHTL T, MIRIFASZHFEAZRLE—10keV, R—ZXE5X1015¢cm2
DFETAF U FEALIE., MIZIT 1050 CHREOEETSPIKE RTAZZITU,
FEAAMY 2 3L S, ZhickD, 14 (g) IRT LI, nly—RA - KL A
CHEIR L 2Rk E RS,

(0124)

Kz, HAR 1 o FlcemicBs CEE L O n mEEoLEE (fl AN 1 )%ﬁ%b
kﬁ‘RTA%%%?%:&K&D%VI@%ﬁ&ﬁééﬁﬁ&%ﬁméﬁ Zhic
T, 15 (a) IR LD, nly—A - KU A KL 2 FiTs Uﬁ/fl\%li%%
k3 %, ZFotk, FEM 1 RICHRE T 2 KIIC o Llghi 2 HHE - %f?éc

(01 25)

K2, 15 (b)) IZRT LT, F—hNEWMSo E2E5GHER1 o FlcemiceEs T

I ZIEREE4 0 O n mFEFE D fERIHilE 1 4 2 HiFE9 5.
(01 26])

K2, F15 (e) i3 Loz, MIZIECMP (chemical mechanical polishing )
ISk - TR 1 4 %, %@%@#%ﬂ~§l5@L@Zﬁ*kﬁéif%otw
LB B LNl b2y F o NV BET AL, 2ok & CMPRZRoEEER
BE1 40 EFROA 72y R A R —L6 D ESLEREES S,

(012 7]

R, HA L o FIceiicE - THEE 1 0 0 n miEEo4af@ll (MIZIEN i ) #Hifs
Lt&\RTA%%%T%:&K&@V~b%@5@§m%ﬁaé%ﬁa%ﬁméﬁ\%
MIZk-T, L5 (d) WRT LT, 7T USA MMeshieyr— NElL 6 (555
TR — MMiigiE 4 FoLFRY U oA R{bShiz— NEM1 6) ZZRkT 5.

(012 8]

DL FIZEBd U = A KRt tliE 5 k5 &, FUS T (full silicide ) #iE% M
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13/547,913 HIRASE ET AL.
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CHUONG A. LUU 2898

-- 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,
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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) filedon
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)] An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.

4)[] 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

5)[X Claim(s) 21-33 is/are pending in the application.
ba) Of the above claim(s) ___is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X Claim(s) 21-33 is/are rejected.

8)[] Claim(s) _____is/are objected to.

9] Claim(s)

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp//www. Luspto.qov/patents/init _events/ppiindsx.jsp or send an inquiry to PPHfeedback@uspto.goy.

are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11) 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).

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)XI Al b)[J Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
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3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
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Application/Control Number: 13/547,913 Page 2
Art Unit: 2898

DETAILED ACTION
REJECTIONS BASED UPON PRIOR ARTS
Statutory Basis
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

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

A person shall be entitled to a patent unless —

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

only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

The Rejections
Claims 21-25 and 27-33 are rejected under 35 U.S.C. 102(e) as being
anticipated by Hieda et al. (U.S. 6,992,358).

Hieda discloses, as shown in Figure 3C, a semiconductor device with
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FI1G.3C

(21) a gate insulating film (102) formed on an active region in a substrate (101)
and including Hf;

a gate electrode (113b) formed on the gate insulating film (102);

a insulating sidewall (106, 110, 112) formed on each side surface of the gate
electrode (113b); and

wherein a width of the gate insulating film (102) along a gate length is larger than
a width of the gate electrode along the gate length, and

an end of the gate insulating film (102) under the insulating sidewall (106, 110,
112) is located to retract from an outer end of the insulating sidewall (106, 110, 112)
toward the gate electrode (113b) (see column 9, lines 40-64. Figure 3C);

(22) further comprising a buffer insulating film formed of a silicon oxide film and

provided between the substrate and the gate insulating film (see Figure 3C);
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(23) wherein the gate insulating film is formed of a Hf based oxide (see column 9,
lines 40-64);

(24) wherein the gate insulating film is formed of a HfSION film (see column 9,
lines 40-64);

(25) wherein a part of the gate insulating film located under the insulating
sidewall includes a notch at the end thereof (see Figure 3C);

(27) wherein an end of the gate insulating film protrudes from a side end of the
gate electrode toward the insulating sidewall (see Figure 3C);

(28) wherein the insulating sidewall has a double layer structure including an
oxide film and a nitride film (see Figure 3C);

(29) wherein the insulating sidewall has a triple layer structure including a first
oxide film, a nitride film and a second oxide film (see Figure 3C);

(30) wherein a width of a bottom surface of the gate insulating film along a gate
length is larger than a width of a bottom surface of the gate electrode along the gate
length (see Figure 3C);

(31) wherein the end of the gate insulating film located under the insulating
sidewall has a tapered surface (see Figure 3C);

(32) wherein the gate insulating film located under the insulating sidewall has a
thickness which becomes smaller toward the end thereof (see Figure 3C);

(33) wherein the width of the gate insulating film along a gate length is larger
than a width of part of the gate electrode in a middle position in height along the gate

length.
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REJECTIONS BASED UPON PRIOR ARTS
Statutory Basis
Claim Rejections - 35 USC § 103
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

Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hieda et
al. (U.S. 6,992,358).

Hieda teaches the above outlined features except for wherein a part of the gate
insulating film located under the insulating sidewall has a thickness of 2 nm or less.
Even through, Hieda does not explicitly describe wherein a part of the gate insulating
film located under the insulating sidewall has a thickness of 2 nm or less. However,
wherein a part of the gate insulating film located under the insulating sidewall has a
thickness of 2 nm or less is considered to be obvious. Therefore, it would have been
obvious to one having ordinary skill in the art at the time the invention was made to
modify the teachings of Hieda since it has been held that where the general conditions
of a claim are disclosed in the prior ad, discovering the optimum or workable ranges
involves only routine skill in the art and it is noted that the applicant does not disclose

criticality in the ranges claimed. In re Aller, 105 USPQ 233 (see MPEP 2144.05).
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Furthermore, the specification contains no disclosure of either the critical nature of the
claimed dimensions of any unexpected results arising therefrom. Where patentability is
aid to be based upon particular chosen dimensions or upon another variable recited in a
claim, the Applicant must show that the chosen dimensions are critical. See In re

Woodruff, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

OBVIOUS TYPE DOUBLE PATENTING
Statutory Basis

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA
1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and, In re Thorington,
418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be
used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the conflicting application or patent is shown to be commonly
owned with this application. See 37 CFR 1.130(b).

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

The Rejections
Claims 21-33 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-22 of U.S. Patent No. 8,253,180.
Although the conflicting claims are not identical, they are claiming common

subject matter, as follows: both U.S. Patent and instant application claimed a

semiconductor device capable of implementing a second insulating sidewall on each
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side surface of the gate electrode. Specifically, regarding claim 21 of instant application
discloses a semiconductor device (claim 1 of Pat. 8,253,180, line 9) comprising: a gate
insulating film formed on an active region in a substrate and including Hf (claim 1, lines
10-11 and claims 6-7); a gate electrode formed on the gate insulating film (claim 1, lines
12-13); a insulating sidewall formed on each side surface of the gate electrode (claim 1,
lines 14-15); wherein the width of the gate insulating film along a gate length is larger
than a width of the gate electrode along the gate length (claims 16-17), and an end of
the gate insulating film under the insulating sidewall is located to retract from an outer
end of the insulating sidewall toward the gate electrode (claim 1, lines 19-22).

The limitations recited of the current application is broader compared with the
U.S. Patent No. 8,253,180. The facts are that the claims of the U. S. Patent No.
8,253,180 and instant application have claimed the same goal and are not distinguished
from each other.

For these reasons, claim 21-33 are seen as obvious variations of the patented

claims.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHUONG A. LUU whose telephone number is
(671)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, Julio Maldonado can be reached on (571) 272-1864. The fax phone
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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 2898
April 07, 2013
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 13547913
Filing Date 12-Jul-2012
First Named Inventor Junji Hirase
Attorney Docket Number 085393-0808

Title of Invention

SEMICONDUCTOR DEVICE

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

PANASONIC CORPORATION 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8253180

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

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

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

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

- has all claims canceled by a reexamination certificate;

- is reissued; or

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

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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| certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims SMALL ENTITY status. See 37 CFR 1.27.

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

o O O] O

Applicant(s) status remains as SMALL ENTITY.

(® Applicant(s) status remains as other than SMALL ENTITY.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 36139
(O Asoleinventor
(O Ajointinventor; | certify that | am authorized to sign this submission on behalf of all of the inventors
(O Ajointinventor; all of whom are signing this request

(O Theassignee of record of the entire interest that has properly made itself of record pursuant to 37 CFR 3.71

Signature /Michael E. Fogarty/

Name Michael E. Fogarty

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

Application Number: 13547913

Filing Date: 12-Jul-2012

Title of Invention: SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name: Junji Hirase

Filer: Michael E. Fogarty/Rosanna Pase
Attorney Docket Number: 085393-0808

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-;l';(tsa)l in
Basic Filing:
Statutory or Terminal Disclaimer 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 13547913
Filing Date: 12-Jul-2012

Applicant/Patent under Reexamination:  Hirase et al.

Electronic Terminal Disclaimer filedon  July 1, 2013

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 16205414
Application Number: 13547913
International Application Number:
Confirmation Number: 2994

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji Hirase

Customer Number:

53080

Filer:

Michael E. Fogarty/Rosanna Pase

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

085393-0808

Receipt Date: 01-JUL-2013
Filing Date: 12-JUL-2012
Time Stamp: 17:00:00

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $160
RAM confirmation Number 4730
Deposit Account 500417
Authorized User
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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33632

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 2

3f65fh40117ef53¢1f2d9bf02737e01ad 3fed
ab3

Warnings:

Information:

30056
2 Fee Worksheet (SB06) fee-info.pdf no 2
dd9190f8a9h941396a49983acf959c784d4
02097
Warnings:
Information:
Total Files Size (in bytes); 63688

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.: 085393-0808 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 2994
Application No.: 13/547,913 Group Art Unit: 2898

Filed: July 12,2012 Examiner: Chuong A. LUU

For:  SEMICONDUCTOR DEVICE

AMENDMENT UNDER 37 C.F.R. §1.111

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

Alexandria, VA 22313-1450

Madam:
In response to the Office Action dated April 12, 2013 having a shortened statutory period
of response set to expire on July 12, 2013, please amend the above-identified application as

follows:

An eTerminal Disclaimer is being filed concurrently herewith.
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Application No.: 13/547,913

IN THE SPECIFICATION:

Please amend the following paragraph on page 1 of the specification as follows:

-- RELATED APPLICATIONS

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1,

2011, now U.S. Patent No. 8.253.180, which is a Divisional of U.S. Application No. 12/505,799,
filed on July 20, 2009, now U.S. Patent No. 7,923,764, which is a Divisional of U.S. Application
No. 11/491,260, filed on July 24, 2006, now U.S. Patent No. 7,579,227, claiming priority of
Japanese Patent Application No. 2005-227457, filed on August 5, 2005, the entire contents of

each of which are hereby incorporated by reference. --
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Application No.: 13/547,913

IN THE CLAIMS:

Please amend the claims as follows:

1-20. (Canceled)

21. (Currently amended) A semiconductor device comprising:

a gate insulating film formed on an active region in a substrate and including Hf;

a gate electrode formed on the gate insulating film;

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

wherein a width of the gate insulating film along a gate length is larger than a width of
the gate electrode along the gate length, and

an end of the gate insulating film under the insulating sidewall is loecated-to-retraet
retracted from an outer end of the insulating sidewall toward the gate electrode.

22. (Previously presented) The semiconductor device of claim 21, further comprising a
buffer insulating film formed of a silicon oxide film and provided between the substrate and the
gate insulating film.

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

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

25. (Previously presented) The semiconductor device of claim 21, wherein a part of the
gate insulating film located under the insulating sidewall includes a notch at the end thereof.

26. (Previously presented) The semiconductor device of claim 21, wherein a part of the

gate insulating film located under the insulating sidewall has a thickness of 2 nm or less.
-3
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Application No.: 13/547,913

27. (Previously presented) The semiconductor device of claim 21, wherein an end of the
gate insulating film protrudes from a side end of the gate electrode toward the insulating
sidewall.

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

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

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

31. (Previously presented) The semiconductor device of claim 21, wherein the end of
the gate insulating film located under the insulating sidewall has a tapered surface.

32. (Previously presented) The semiconductor device of claim 21, wherein the gate
insulating film located under the insulating sidewall has a thickness which becomes smaller
toward the end thereof.

33. (Previously presented) The semiconductor device of claim 21, wherein the width of
the gate insulating film along a gate length is larger than a width of part of the gate electrode in a

middle position in height along the gate length.
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Application No.: 13/547,913

REMARKS

I. Introduction

In response to the pending Office Action, the Applicants have amended the specification
so as to update the priority information. Applicants have also amended claim 21 to clarify the
intended subject matter. The scope of claim 21 remains the same. No new matter has been
added.

Applicants and Applicants’ attorney would like to thank Examiner Luu for his time and
courtesy during the interview conducted on June 27, 2013 during which it was agreed that the
pending claims were patentable over the cited prior art reference. A summary of the discussions
conducted during the interview is set forth below.

For all of the following reasons, Applicants respectfully submits that the application is

now in condition for allowance.

11. The Rejection Of The Claims Under 35 U.S.C. § 102

Claims 21-25 and 27-33 were rejected under 35 U.S.C. § 102(e) as being anticipated by
USP No. 6,992,358 to Hiedi. As agreed upon during the interview, claim 21 is patentable over
Hiedi for at least the following reasons.

Claim 21 relates to a semiconductor device comprising: a gate insulating film formed on
an active region in a substrate and including Hf; and a gate electrode formed on the gate
insulating film; a insulating sidewall formed on each side surface of the gate electrode. Claim 21
further recites that the width of the gate insulating film along a gate length is larger than a width

of the gate electrode along the gate length, and an end of the gate insulating film under the
-5-
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Application No.: 13/547,913

insulating sidewall is retracted from an outer end of the insulating sidewall toward the gate
electrode.

Turning to the pending rejection and the cited prior art, it is asserted that layer 102 of
Hiedi shown in Fig. 3C corresponds to the recited gate insulating film. However, layer 102 of
Hiedi is not a gate insulating film. It is a buried oxide film 102 as described in col. 4, line 56 of
Hieda.

It is further asserted that layer 101 of Hiedi shown in Fig. 3C corresponds to the active
region in the substrate. However, layer 101 of Hieda is not an active region in a substrate. Itisa
p-type silicon substrate 101 as described in col. 4, line 58 of Hieda.

Finally, it is asserted that layer 113b of Hiedi shown in Fig. 3C is a gate electrode.
However, layer 113b of Hieda is not a gate electrode. It is a drain region 113b as described in
col. 5, line 5 of Hieda.

Thus, contrary to the assertions set forth in the pending rejection, the foregoing makes
clear that the elements of Fig. 3C of Hieda do not correspond to the elements recited by claim 21,
and therefore claim 21 is not anticipated by Hieda.

Accordingly, as it is well known that the factual determination of lack of novelty under
35 U.S.C. § 102 requires the identical disclosure in a single reference of each element of a
claimed invention, such that the identically claimed invention is placed into the possession of
one having ordinary skill in the art, Halifax Ltd. v. Blok-Look, Ltd., 208 F.3d 1339, 54 USPQ2d

1299 (Fed. Cir. 2000), Electro Medical Systems S.A. v. Cooper Life Sciences, Inc., 34 F.3d 1048,
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32 USPQ2d 1017 (Fed. Cir. 1994), and Hiedi fails to do so for at least the foregoing reasons, it is

clear that Hiedi does not anticipate claim 21.

II1. Double Patenting Rejection

In response to the double patenting rejection in view of USP No. 8,253,180, Applicants
submit concurrently herewith a terminal disclaimer so as to overcome the double patenting
rejection. Thus, it is respectfully submitted that the double patenting rejection has been

overcome.

IV. Dependent Claims

Under Federal Circuit guidelines, a dependent claim is nonobvious if the independent
claim upon which it depends is allowable because all the limitations of the independent claim are
contained in the dependent claims, Hartness International Inc. v. Simplimatic Engineering Co.,
819 F.2d at 1100, 1108 (Fed. Cir. 1987). Accordingly, as the pending independent claim is
patentable for at least the reasons set forth above, it is respectfully submitted that all claims

dependent thereon are also patentable.

V. Summary
Applicants submit that all of the claims are now in condition for allowance, an indication

of which is respectfully solicited.

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

-7-
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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

/Michael E. Fogarty/

Michael E. Fogarty
Registration No. 36,139

500 North Capitol Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20001 as our correspondence address.

Phone: 202.756.8000 MEF:-MWE

Facsimile: 202.756.8087

Date: July 1, 2013

DM_US 43498555-1.085393.0808
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Electronic Acknowledgement Receipt

EFS ID: 16206570
Application Number: 13547913
International Application Number:
Confirmation Number: 2994

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji Hirase

Customer Number:

53080

Filer:

Michael E. Fogarty

Filer Authorized By:

Attorney Docket Number:

085393-0808

Receipt Date: 01-JUL-2013
Filing Date: 12-JUL-2012
Time Stamp: 17:06:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
69199
1 085393_0808.pdf yes 8

6acab95f428ed9cf48a9e67c0cf03cdd899b
23ce

Page 161 of 203




Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Specification 2 2
Claims 3 4
Applicant Arguments/Remarks Made in an Amendment 5 8
Warnings:
Information:
Total Files Size (in bytes):| 69199

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.

Page 162 of 203




PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
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.

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number Filing Date
Substitute for Form PTO-875 13/547,913 07/12/2012 | [ 7o be Mailed
eNTITY: [X] LARGE [] smALL [] MICRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
LI sasic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
p—
[] seARcH FEE N/A N/A N/A
(37 CFR 1.16(k), (i), or (m))
O
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS ) N
(37 CFR 1.16(i) minus 20 = X $ =
INDEPENDENT CLAIMS ) N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%_‘_gﬁﬂ'?’“ SIZE FEE for small entity) for each additional 50 sheets or
¢ 16(s) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 07/01/2013 | Arer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
g Ig)ég)l) (37 CFR ~13 Minus | == 20 =0 x 380 = 0
Ind dent * i ox
5 sg7 g‘;i{rz,?:(h)) 1 Minus 3 =0 x 3420 = 0
= | [[] application Size Fee (37 GFR 1.16(s))
<C  f—
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Total (37 cFR * i .
5 1‘16“))( Minus = X $ =
Ind dent B i .
g (27 o .1e:(h)) Minus = X $ =
&5 | [ Application Size Fee (37 GFR 1.16(s)
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16(j))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE
LIE

/CHERYL CLARK/

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

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

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

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/547,913 07/12/2012 Junji Hirase 085393-0808 2994
53080 7590 07/08/2013 | |
. EXAMINER
McDermott Will and Emery LLP
The McDermott Building LUU, CHUONG A
500 North Capitol Street, N.W. T g —
WASHINGTON, DC 20001 | | |
2898
| NOTIFICATION DATE | DELIVERY MODE |
07/08/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

mweipdocket@mwe.com

PTOL-90A (Rev. 04/07)

Page 164 of 203



Application No. Applicant(s)

. -, , 13/547,913 HIRASE ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
CHUONG A. LUU 2898

All participants (applicant, applicant’s representative, PTO personnel):

(1) Chuong A. Luu. (3)Fumiya Sano.
(2) Michael Fogarty. (4) .

Date of Interview: 27 June 2013.

Type: X Telephonic [ Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 X102 [J103 [JOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 21.

Identification of prior art discussed: Hieda et al. (U.S. Pat. No. 6,992, 358).

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

The participants discussed: 1) Non-Final Rejection of Hieda's reference (Examiner agrees with applicant's
representative positon); 2) The Applicant's representative will file TD to respond to double patenting rejection.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

[J Attachment

/CHUONG A LUU/
Primary Examiner, Art Unit 2898

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20130627
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
53080 7590 09/09/2013
McDermott Will and Emery LLP LUU, CHUONG A
The McDermott Building
500 North Capitol Street, N.W. | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2898
DATE MAILED: 09/09/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/547,913 07/12/2012 Junji Hirase 085393-0808 2994

TITLE OF INVENTION: SEMICONDUCTOR DEVICE

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

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 12/09/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 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.

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 ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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 4
PTOL-85 (Rev. 02/11)
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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
apé)ropriate. 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

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

[ "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

53080 . 7590 09/09/2013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
McDermott Will and Emery LLP States Postal Service with sufficient postage for first class mail in an envelope
y ddressed to the Mail S ISSUEpFEEg ddi by being facsi Fl)
11 addressed to the Mail Stop address above, or being facsimile
The MCDermOt_t Building transmitted to the USPTO (571) 273-2885, on the date indicated below.
500 North Capitol Street, N.W. —
WASHINGTON, DC 20001 (Depostors wamme)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/547,913 07/12/2012 Junji Hirase 085393-0808 2994
TITLE OF INVENTION: SEMICONDUCTOR DEVICE
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 12/09/2013
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
LUU, CHUONG A 2898 257-410000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
[ 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
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
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
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

[d 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).

PTOL-85 (Rev. 02/11)
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n

. Change in Entity Status (from status indicated above)

1 Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

J Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

W Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CEFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v ending upon the individual case. Any comments on the amount of time you require to com lete
this form and/or suggestions for reducing this burden, should be sent toa{llye glef Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,

Box 1450, Alexand%la Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450
Alexandria, Virginia 2231321450,

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.

Page 3 of 4
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. I
13/547,913 07/12/2012 Junji Hirase 085393-0808 2994
| EXAMINER |
53080 7590 09/09/2013
McDermott Will and Emery LLP LUU, CHUONG A
The McDermott Building
500 North Capitol Street, N.W. | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2898

DATE MAILED: 09/09/2013

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 O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 4 of 4
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (§ U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)
13/547,913 HIRASE ET AL.
Notice of Allowability gﬁaurgag A LU fz*gtg gn't Pl Gt T ©
No

-- 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. This communication is responsive to July 01, 2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. IX] The allowed claim(s) is/are 21-33. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hito://www. usplo.aov/patents/init_events/pph/index.jsp or send an inquiry to PPHiredback@uspto.qov .

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)J Al b)[] Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. 13/037,831 .
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:

Interim copies:
a)[JAIl by[JSome ¢)[]None of the: Interim copies of the priority documents have been 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[J 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. [X] Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 7/12/2012

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130825
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Application/Control Number: 13/547,913 Page 2
Art Unit: 2898

DETAILED ACTION
Terminal Disclaimer

The terminal disclaimer filed on July 01, 2013 disclaiming the terminal portion of
any patent granted on this application which would extend beyond the expiration date of
the US Patent Number 8,253,180 has been reviewed and is accepted. The terminal
disclaimer has been recorded.

The assignment document filed on July 01, 2013 is acceptable as the
documentary evidence required by 37 CFR 3.73. If the assignment document is not
already recorded with the Patent and Trademark Office, it is suggested that the
assignment document be submitted for recording among the Office assignment records.

See 37 CFR 3.11 and MPEP § 302.

Allowable Subject Matter

Claims 21-33 are allowed.

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

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
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Application/Control Number: 13/547,913 Page 3
Art Unit: 2898

accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHUONG A. LUU whose telephone number is
(5671)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, Julio Maldonado can be reached on (571) 272-1864. 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 2898
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Application/Control Number: 13/547,913 Page 4
Art Unit: 2898

August 25, 2013
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Application No.: 13/547,913

IN THE SPECIFICATION:

Please amend the following paragraph on page 1 of the specification as follows:

-- RELATED APPLICATIONS

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1,

2011, now U.S. Patent No. 8.253.180, which is a Divisional of U.S. Application No. 12/505,799,
filed on July 20, 2009, now U.S. Patent No. 7,923,764, which is a Divisional of U.S. Application
No. 11/491,260, filed on July 24, 2006, now U.S. Patent No. 7,579,227, claiming priority of
Japanese Patent Application No. 2005-227457, filed on August 5, 2005, the entire contents of

each of which are hereby incorporated by reference. --

It is OK to enter.
CAL
08/25/2013
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IN THE TITLE:

Please amend the title as follows:

SEMICONDUCTOR DEVICEANBD-METHOD-EORFEABRICATINGTHESAME

It is OK to enter.
CAL
08/25/2013
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IN THE SPECIFICATION:

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

This application is a Divisional of U.S. Application No. 13/037,831, filed on March 1,
2011, which is a Divisional of U.S. Application No. 12/505,799, filed on July 20, 2009, now
U.S. Patent No. 7,923,764, which is a Divisional of U.S. Application No. 11/491,260, filed on
July 24, 2006, now U.S. Patent No. 7,579,227, claiming priority of Japanese Patent Application
No. 2005-227457, filed on August 5, 2005, the entire contents of each of which are hereby

incorporated by reference. --

Page 178 of 203



EAST Search History

EAST Search History

EAST Search History (Prior Art)

file:A/ICl/Users/cluw/Documents/e-Red%20Folder/1334791EAS TSearchHistory.13547913_AccessibleVersion htm[8/29/2013 8:18:05 PM]
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{Ref iHits Search Query \DBs Default  {Plurals iTime
o Operator | Stamp
24118 ("20030209761" | "20040150520" | "20040178451" | "20050040464" | *20050051843" | "20050110085" | "4979014" | {US-PGPUB;{OR ON 2012/04/03§
5 "6437404" | "6538916" | "6580132" | "6639246" | "6646307" | "6667152" | "6724046" | "6740938" | "6744390" | USPAT: 210
{1 P6800513" | "6822071").P. USOCR :
242 {72 1(257/296,295,310.0cls.) and (gate or electrode) and (((gate or electrode) ad] (insulat$4 or dielectric or oxide]) same (high {US-PGPUB; {OR HON - 2012/04/03;
i lad dielectric ad) constant)) and overlap$d UGPAT: ! 21:10
USOCR; {
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b 1("20040120997") or (20050121733') or ("20050127436')) PN, USPAT o110
4543 1(("6,992,358") or ("7579227") or ("20050121733')).FN. USPGPUBJOR  OFF  §2012/04/03;
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246 {72 (257/296,25,310.ccls.) and (gate or electrode) and ({{gate or electrode) adj (insulat$4 or dielectric or oxide}) same (high {{US-PGPUB{OR SN 2012/04/03;
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International Application Number:
Confirmation Number: 2994

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji Hirase

Customer Number:

53080

Filer:

Michael E. Fogarty/Maung Kyaw

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

085393-0808

Receipt Date: 14-0CT-2013
Filing Date: 12-JUL-2012
Time Stamp: 15:03:31

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2080
RAM confirmation Number 12212
Deposit Account 500417
Authorized User
File Listing:
Document . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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107667
1 Issue Fee Payment (PTO-85B) IF-085393-0808.pdf no 2

26281566a644ad5adebdaf79564bb458f0d!
783a7

Warnings:

Information:

31970
2 Fee Worksheet (SB06) fee-info.pdf no 2
61510016670592cb17b5753¢1bf85920a66)
6b36b
Warnings:
Information:
Total Files Size (in bytes); 139637

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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/547,913 11/19/2013 8587076 085393-0808 2994
53080 7590 10/30/2013
McDermott Will and Emery LLP
The McDermott Building

500 North Capitol Street, N.W.
WASHINGTON, DC 20001

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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