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Commissioner for Patents
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Sir:
This is a Request for filing a Divisional application under 37 CFR 1.53(b) of pending prior application

No. 12/505.799, filed on July 20, 2009, entitled SEMICONDUCTOR DEVICE (as amended), by the following

named inventor(s): Junji HIRASE, Akio SEBE, Naoki KOTANI, Gen OKAZAKI, Kazuhiko AIDA, Shinji

TAKEOKA.
1. X I hereby state that the enclosed application contains no new matter.
2. Oath or Declaration
a. []  Newly executed (original or copy)
b. X Copy from a prior application (37 CFR 1.63(d))
i. ] Deletion of inventor(s)
Signed statement attached deleting inventor(s) named in the prior application, see 37
CFR 1.63(d)(2) and 1.33(b).
3. X Incorporation By Reference (useable if Box 2b is checked)

The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied
under Box 2b, is considered as being part of the disclosure of the accompanying application and is hereby
incorporated by reference therein.

4. X Preliminary Amendment is enclosed.

5. X An Information Disclosure Statement and PTO1449 Form are submitted herewith.

6. X Cancel claims 1-20.
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7. The filing fee is calculated on the basis of the claims existing in the prior application as amended at 4 and 6

above:
NO. OF EXTRA RATE AMOUNT
CLAIMS CLAIMS
Total Claims 22 -20 2 $52.00 $104.00
Independent Claims 1 -3 0 $220.00 $0.00
Multiple Dependent Claim(s) $0.00
Sheets of specification and drawing ($270.00 for each 50 sheets in excess of 100) $0.00
Basic Filing Fee $330.00
Patent Search Fee $540.00
Patent Examination Fee $220.00
Total of Above Calculations $1,194.00
Less ¥ for Small Entity $0.00
Assignment & Recording Fee $0.00
Total Fee $1,194.00

A Statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 was filed in prior
application and such status is still proper and desired.

PLEASE CHARGE DEPOSIT ACCOUNT 500417 in the amount of $1,194.00. Commissioner is
authorized to charge any fees which may be required or credit any overpayment to Deposit Account
No. 500417.

The Commissioner is hereby authorized to charge fees under 37 CFR 1.16 and 1.17 which may be
required, including any extension of time fees to maintain the pendency of the parent Application No.

12/505,799 or credit any overpayment to Deposit Account No. 500417,

Priority of Application No. 2005-227457 filed on August 5, 2005, in Japan is claimed under 35 USC
119. The certified priority document(s) were filed in Application No. 11/491,260 on July 24, 2006.

The prior application is assigned of record to

PANASONIC CORPORATION
Osaka, Japan

The power of attorney in the prior application is to:
McDermott Will & Emery LLP

Also enclosed:
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15. [] A petition, fee and response has been filed to extend the term in the pending prior application until .

Address all future communications to: (May only be completed by applicant, or attorney or agent of record)

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

Date: March 1, 2011

McDermott Will & Emery LLP
600 13th Street, N.W.
Washington, D. C. 20005-3096

Respectfully submitted,

Pleas ize our Customer No. 53080 as our
correspondence address.
3

Page 3 of 245

UMC 1002
UMC v. AICP



10

15

20

25

SEMICONDUCTOR DEVICE AND

METHOD FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

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

Description of Prior Art

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

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

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

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

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

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

SUMMARY OF THE INVENTION

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

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

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

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

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

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

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

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

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

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

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

In the semiconductor device of the present invention, the insulating sidewall may
include a first insulating sidewall formed on a side surface of the gate electrode and a
second insulating sidewall formed on the side surface of the gate electrode with the first
insulating sidewall interposed therebetween, the high dielectric constant gate insulating
film may be continuously 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.

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

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

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

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

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

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

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

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

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

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

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

and is therefore very useful.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MISFET, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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(First Embodiment)

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

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

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

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

dielectric constant gate insulating film 4A located under the sidewall 7 is smaller than a

10

Page 13 of 245

UMC 1002
UMC v. AICP



10

15

20

25

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

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

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

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

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

(Modified Example of First Embodiment)

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

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

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

regions 12 can be further suppressed.

(Second Embodiment)

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

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

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

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

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

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

gate insulating film 4B is not in contact with the offset sidewall 6 and continuity of the

13

Page 16 of 245

UMC 1002
UMC v. AICP



10

15

20

25

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

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

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

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

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

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

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

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

According to this modified example, adverse effects on circuit speed due to
increase in a capacitance between a gate electrode S 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 (imore 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 S
to under the sidewall 7.

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

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

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

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

speed due to the increase can be suppressed.

(Third Modified Example of Second Embodiment)

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

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

A first difference between this modified example and the second embodiment is
that in this modified example, a high dielectric constant gate insulating film 4D is kept
remaining not only under the gate electrode 5 and the offset sidewall 6 but also under the

5 sidewall 7. That is, the high diclectric 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

10 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.

15 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

20 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.

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

speed due to the increase can be suppressed.

(Third Embodiment)

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

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

sidewall 6 interposed therebetween. An n-type extension region 10 is formed in each of

18

Page 21 of 245

UMC 1002

UMC v. AICP



10

15

20

25

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.

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

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

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

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

According to this embodiment, the existence of the high dielectric constant gate
insulating film 4E under the offset sidewall 6 makes capacitive coupling between the gate
electrode 5 and the n-type extension region 10 stronger at the vicinity of the end portion of
the gate electrode 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)

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

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

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

regions 12 can be further suppressed.

(Fourth Embodiment)

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

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

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

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

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

(Modified Example of Fourth Embodiment)

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

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

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

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

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

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

(Fifth Embodiment)

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

First, as shown in FIG. 11A, a STI 3 which is to be an isolation region is selectively
formed on a substrate 1 of, for example, silicon and then, for example, B (boron) is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 x10% ecm™. Thus, a p-type well 2 which is to be an active region is formed.
Subsequently, ion implantation (of B at an implantation energy of 150 keV and a dose of
1 %102 cm™) for punch-through stopper formation and ion implantation (of B at an
implantation energy of 20 keV and a dose of 5 x 10'2 cm™2) for channel formation are
performed.

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

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

Next, a resist pattern (not shown) is formed on the gate electrode material film 5A
so as to cover a gate electrode formation region, and then the gate electrode material film
5A is etched using the resist pattern as a mask, thereby forming, as shown in FIG. 11D, a
gate electrode 5. Thereafter, part of the high dielectric constant gate insulating film 4
located in the external side to the gate electrode 5 is removed by a thickness of about 2 nm
by selective etching. Thus, a thickness of part of the high dielectric constant gate
insulating film 4 located in the external side to the gate electrode 5 can be reduced so that a
remaining thickness of the part of the high dielectric constant gate insulating film 4
becomes about 2 nm. Subsequently, using the gate electrode 5 as a mask, for example, As
(arsenic) is ion implanted into the substrate 1 at an implantation energy of 2 keV and a
dose of 1 x 10" cm 2, thereby forming an n-type extension region 10. Thereafter, using
the gate electrode 5 as a mask, for example, B is ion implanted into the substrate 1 at an
implantation energy of 10keV and a dose of 3 x 10" cm 72, thereby forming a p-type
pocket region 11. In this case, the n-type extension region 10 may be formed after forming
the p-type pocket region 11.

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

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

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

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

5 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

10 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

15 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.

20 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.

25 In this embodiment, a target thickness for reduction in the thickness of the part of

26

Page 29 of 245 UMC 1002
UMC v. AICP



10

15

20

25

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

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

(Sixth Embodiment)

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

First, as shown in FIG. 12A, a STI 3 which is té be an isolation region is selectively
formed on a substrate 1 of, for example, silicon and then, for example, B is ion implanted
into the substrate 1 at an implantation energy of 300 keV and a dose of 1 x 102 em™.
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 103 cm™) for
punch-through stopper formation and ion implantation (of B at an implantation energy of
20 keV and a dose of 5 x 10’2 cm™) for channel formation are performed.

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

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

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

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

Next, an insulating film is deposited over the substrate 1 to a thickness of about
10 nm, and then the insulating film is etched back to form, as shown in FIG. 12E, an
insulating offset sidewall 6 on each side surface of the gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in the external side to the offset
sidewall 6 is removed by wet etching using, for example, hydrofluoric acid or selective dry
etching. Subsequently, using the gate electrode 5 and the offset sidewall 6 as a mask, for
example, As is ion implanted into the substrate 1 at an implantation energy of 2 keV and a
dose of 1 x 10" ecm™2, thereby forming an n-type extension region 18. Thereafter, using

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

-2

2

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

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

Next, using the gate electrode 5, the offset sidewall 6 and the sidewall 7 as a mask,
for example, As is ion implanted into the substrate 1 at an implantation energy of 10 keV
and a dose of 5 x 10'° 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

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

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

sidewall 6.

(Seventh Embodiment)

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

for fabricating a semiconductor device according to the seventh embodiment.
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First, as shown in FIG. 13A, a STI 3 which is to be an isolation region is
selectively formed on a substrate 1 of, for example, silicon and then, for example, B is ion
implanted into the substrate 1 at an implantation energy of 300 keV and a dose of
1 %102 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
1x10" cm‘z) 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’z) for channel formation are
performed.

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

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

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

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

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

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

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

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

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

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

(Eighth Embodiment)

33

Page 36 of 245

UMC 1002

UMC v. AICP



10

15

20

25

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 <102 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 102 cm_z) 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 5A, for example, a
polysilicon film is formed on the high dielectric constant gate insulating film 4 so as to
have a thickness of about 100 nm, and then as a cover film (protective film) 15, for
example, a silicon oxide film is deposited over the gate electrodé material film 5A to a
thickness of about 10 nm.

Next, a resist pattern (not shown) is formed on the cover film 15 so as to cover a
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gate electrode formation region, and then the cover film 15 and the gate electrode material
film 5A are etched in this order using the resist pattern as a mask, thereby forming, as
shown in FIG. 14D, a gate electrode S 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 10keV and a dose of
3 x 10" cm 2, thereby forming a p-type pocket region 11.

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

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

for example, As is ion implanted into the substrate 1 at an implantation energy of 10 keV

35

Page 38 of 245

uUMC 1002

UMC v. AICP



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
5  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
10  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, respec_tive upper

15 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

20 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.

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

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

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

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

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

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

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

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

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

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

sidewall 6 toward the gate electrode 5.

39

Page 42 of 245

UMC 1002
UMC v. AICP



10

15

20

25

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 1s continuously formed so as to extend to under the second insulating
sidewall, and

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

constant gate insulating film located under the first insulating sidewall.

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

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

constant gate insulating film located under the first insulating sidewall.

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

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

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

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

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

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

insulating film includes a notch at a side end portion.

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

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

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

silicon oxide film or a silicon oxynitride film.

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

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

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

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

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

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

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

electrode.

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

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

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

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

therebetween.

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

the external side to the first insulating sidewall.

15. The method of claim 13, further comprising:

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

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

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

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

film is selectively removed by wet etching.

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

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

film is selectively removed by wet etching.

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

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

protective film and then fully siliciding the gate electrode.

20. The method of claim 11, further comprising before the step a), the step of
forming a buffer insulating film on the active region,
wherein in the step a), the high dielectric constant gate insulating film is formed on

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

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

located under the gate electrode.
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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 Aprehileo A ido My T 2evh

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

Post Office Address ADDRESS CiTY STATE OR COUNTRY ZIP CODE

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

Full Name of FIRST NAME LAST NAME SIGNATURE DATE OF SIGNATURE
Sixth Inventor Shinii TAKEOKA . .
j Shrp ThIEAD Moy i, 2006
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., Lid., 1006, Oaza Kadoma, Kadoma-shi, Osaka Japan 571-8501

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

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

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

The above appilication 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.: 085393-0499 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. 12/505,799 : Group Art Unit: Not Yet Assigned

Filed: March 1, 2011 Examiner: Not Yet Assigned

For:  SEMICONDUCTOR DEVICE (as amended)

PRELIMINARY AMENDMENT

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

Alexandria, VA 22313-1450
Sir:

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

follows:

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

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

Remarks/Arguments begin on page 7 of this paper.
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IN THE SPECIFICATION:

1) Please amend the Title of the Invention as follows:

SEMICONDUCTOR DEVICE

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

This application is a Divisional of U.S. Patent Application No. 12/505,799, filed on July
20, 2009, which is a Divisional of U.S. Patent 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 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. (Cancelled)

21. (New) A semiconductor device comprising:

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

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

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

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

an end of the high dielectric constant gate insulating film under the insulating sidewall is
located at a predetermined distance 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 between the substrate and the high dielectric constant gate insulating film.

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

silicon oxide film.

24. (New) The semiconductor device of claim 22, wherein

the buffer insulating film is continuously formed so as to extend from under the gate
electrode to under the insulating sidewall, and

an end of the buffer insulating film is located at a predetermined distance from an outer

end of the insulating sidewall toward the gate electrode.

25. (New) The semiconductor device of claim 21, wherein
a smallest thickness of part of the high dielectric constant gate insulating film located
under the insulating sidewall is smaller than that of part of the high dielectric constant gate

insulating film located under the gate electrode.

-3-
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26. (New) The semiconductor device of claim 21, wherein

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

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

the high dielectric constant gate insulating film is formed of a HfSiON film.

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

an extension region of a first conductivity type is formed in part of the active region
located under the insulating sidewall, and

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

located under the extension region.

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

from the gate electrode.

30. (New) The semiconductor device of claim 21, wherein
a part of the high dielectric constant gate insulating film located under the insulating

sidewall includes a notch at the end thereof.

31. (New) The semiconductor device of claim 21, wherein
a part of the high dielectric constant gate insulating film located under the insulating

sidewall has a thickness of 2 nm or less.

32. (New) The semiconductor device of claim 22, wherein
an end of the buffer insulating film is located at a predetermined distance from a side end

of the gate electrode toward the insulating sidewall.

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

-4 -
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the end of the high dielectric constant gate insulating film is located at a predetermined

distance from a side end of the gate electrode toward the insulating sidewall.

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

film.

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

nitride film and a second oxide film.

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

than a width of the gate electrode along the gate length.

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

gate length is larger than a width of a bottom surface of the gate electrode along the gate length.

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

more.

39. (New) The semiconductor device of claim 21, wherein
the high dielectric constant gate insulating film has a larger relative dielectric constant

than that of the insulating sidewall.
40. (New) The semiconductor device of claim 21, wherein

the high dielectric constant gate insulating film is formed to have a convex cross-

sectional shape.
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41. (New) The semiconductor device of claim 21, wherein
the end of the high dielectric constant gate insulating film located under the insulating

sidewall has a tapered surface.
42. (New) The semiconductor device of claim 21, wherein

the high dielectric constant gate insulating film located under the insulating sidewall has

a thickness which becomes smaller toward the end thereof.
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REMARKS

The title has been amended. The specification in the above-referenced application has

been amended to incorporate the continuity information. Additionally, the amendment cancels

claims 1-20, without prejudice. Claims 21-42 have been added and are pending for examination

in this Divisional application.

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

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:In
Facsimile: 202.756.8087
Date: March 1, 2011

Respectfully submitted,

MLDII/{%?? ) \

/L & EMERY LLP

Pleassé recognize our Customer No. 53080
as our corvespondence address.

e’
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Docket No.: 085393-0499 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. 12/505,799 : Group Art Unit: Not Yet Assigned

Filed: March 01,2011 Examiner: Not Yet Assigned

For: SEMICONDUCTOR DEVICE (as amended)

INFORMATION DISCLOSURE STATEMENT

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

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

This Information Disclosure Statement is being filed 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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Divisional of U.S. Serial No. 12/505,799

The references were cited by or submitted to the U.S. Patent and Trademark Office in parent
application Serial no. 12/505,799, filed July 20, 2009, 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.

Respectfully submitted,

LI & EMERY LLP

) arty

Regispration No. 36,139
600 13" Street, N.W. Plf;/ase rec/e’gnize our Customer No. 53080
Washington, DC 20005-3096 as g)ur cgfrespondence address.
Phone: 202.756.8000 MEF:In o/

Facsimile: 202.756.8087
Date: March 1,2011
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SHEET 1 OF 1

ATTY. DOCKET NO. SERIAL NO.
INFORMATION DISCLOSURE 085393-0499 Divisional of U.S.
STATEMENT BY APPLICANT Serial No. 12/505,799
APPLICANT
Junji HIRASE, et al.
(Substitute for form 1449/PTO) FILING DATE GROUP
March 1, 2011 Not Yet Assigned
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez ¢ known) MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
us 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 SAKAl 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 ai. Corresponds w/ CN 1610129 A
us 7,579,227 08-2009 Hirase et al.
us 2005/0121733 06-2005 Chenet 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
CN 1610129 A 04-27-2005 Corresponds w/
US 2005/0127436
JP 2005-064190 03-10-2005 TOSHIBA CORP.
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 | journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city andlor country where
NO. published.
WATANABE, Ken, Partial English Translation of “HfSiON-CMOS technology for achieving high
performance and high reliability,” SEMI FORUM Japan, 2005, IT System & ULSI Technology,
HORI, Takashi, “1/4-um LATID (LArge-Tilt-angle Implanted Drain) TECHNOLOGY FOR 3.3-V
OPERATION”, CH2637-7/89/0000-0777 1989 IEEE, IEDM 89-777-780-IEDM 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. 12/505,799, mailed December 13,
2010.
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 Transtation 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/Lydia Nguyen

Attorney Docket Number:

085393-0499

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 1 330 330

Utility Search Fee 111 1 540 540

Utility Examination Fee 1311 1 220 220
Pages:
Claims:

Claims in excess of 20 1202 2 52 104
Miscellaneous-Filing:
Petition:
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Description Fee Code Quantity Amount Sullaj-;l's(tsa)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1194
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Electronic Acknowledgement Receipt

EFS ID: 9561356
Application Number: 13037831
International Application Number:
Confirmation Number: 7641

Title of Invention:

SEMICONDUCTOR DEVICE

First Named Inventor/Applicant Name:

Junji HIRASE

Customer Number:

53080

Filer:

Michael E. Fogarty/Lydia Nguyen

Filer Authorized By:

Michael E. Fogarty

Attorney Docket Number:

085393-0499

Receipt Date: 01-MAR-2011
Filing Date:
Time Stamp: 15:43:10

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1194

RAM confirmation Number 2170

Deposit Account 500417

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)
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File Listing:
Document c . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
P04204204_TRN_085393-0499 23386
1 Transmittal of New Application T odf ’ no 3
p 3e10f5201d87f9f86ff543a360451b0d 123e3
Warnings:
Information:
1922108
P04204204_SPEC_085393-0499
2 yes 45
.pdf
154b99f4b6493d2c8ca431ef449b9cf038d 9|
d00c
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 39
Claims 40 44
Abstract 45 45
Warnings:
Information:
329338
3 Drawings-only black and white line P04204204_DRW_085393-0499 no 1
drawings .pdf
b0adaf97d08edf10e42f8871134273680845)
a72d
Warnings:
Information:
P04204204_DEC_085393-0499. 160323
4 Oath or Declaration filed - dF ’ no 3
p 345e8dcf1d9b36¢5e647c41949ff11ae27¢8
85¢2
Warnings:
Information:
76365
5 Preliminary Amendment P04204204_AMEND- no 7
i P_085393-0499.pdf
ae079f007f3fae45179a14136e5191baSade)
Warnings:
Information:
. . 82895
6 Information Disclosure Statement (IDS) | P04204204_IDS_085393-0499. o 3
Filed (SB/08) pdf
54c9ch06acae832015276e095730d0536b2)
2b658
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
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36342
7 Fee Worksheet (PTO-875) fee-info.pdf no 2

d148ef5¢381d65779546455270dac8c3c48!
3

Warnings:

Information:

Total Files Size (in bytes); 2662757

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

New Applications Under 35 U.S.C. 111

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

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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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.

* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3.
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Legal Instrument Examiner:
/KIMBERLY JONES/

PATENT APPLICATION FEE DETERMINATION RECORD | Applicaiion or Dooket Number | Fiing Date
Substitute for Form PTO-875 13/037,831 03/01/2011 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
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n sheets of paper, the application size fee due
%F;PCL;%?USN SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
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APPLICATION AS AMENDED - PART I
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<§( D Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) OR
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FEE FEE
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CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | FeE (g) RATE ($) FEE ($)
— AMENDMENT PAID FOR
z Total @7 cr . Minus | = - Xs = or |xs =
= FE B Minus | - - Xs__- OR XS -
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] pplication Size Fee (37 CFR 1.16(s))
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< | ] FiRsT PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16() OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

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.
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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 CLAIMSJIND CLAIMS
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Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
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application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
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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 12/505,799 07/20/2009
which is a DIV of 11/491,260 07/24/2006 PAT 7,579,227

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

is US 13/037,831
Projected Publication Date: 06/23/2011
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE
Preliminary Class
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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).
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7 OREERD NMHNCALIE T B MRS — MR 4 ANT Ny 7 7 — i 2 5 ofdlg
MigiE o8 D ¥ U YFFHEEBREOINEEE /v FIRICXO R Z itk /v F
2O0MBITENTNLEILTHS,

[0079)

REANC LD, F—FEmRSEnY -2 - RLAVHEIRL 22 ofoigEo R
WIS 2 [N OFEEEE L —Jgiifl T s 8 TE 5,

[0080)

. REFEMCBNT, F 1 OFEHERBOEFRERY — MERHE4L AL Ny 7 7 —HE
B2 5 & oFEfEHEIEHIBGERIC ) v F 202 &T 7=, LL. ZhicfRx T, F20%E
WERE D =ik ER 7y — g4 B, 3 2 OFKEHRED H 2 B o5 iFEmR r — N fdg
B4 C. FH 2 0KEFREDOFE 3 XM O EEAER Y — Mgl 4 D XI3H 3 o i ED
ERREERY — MEGHE4 EonThre Ny 7 » —iEgE 2 5 & ofleiEigiEo fmitic
J oy FrIFTTH, REFM L kOB NMEONE, Zo& &, H$$$# N i s

4A~4E&HEMN]L OBy 77 —HEFE2 525k 5 & T, F'— MBS L EFE
R — MERIEA A~4 E L ORI b Ny 7 7 —Hufg i 2 3% HT%&W

[(0081)]

(3 5 oEEFE)

PUF. &RFRHOH b oFwZREICARZ FEAKE oSG R DT, nfIMI SFE
To#lEFEEME LT, MAZSBHELUZASHHETS, M11 (a) ~ (f) 1% %5
DENGEFREITA RS B E oMl HEoS THEZ R ITHHEX TS 5,

[(0082)

FP.M11 (a) ICpaT o, AT VUar»rssii 1, FEF08ER
L5 STI 3EWRINITIRL 721%. E1I1IFL T, #lXIEB (R y) Z2FEATR
N¥—300keV, RF—XEB1X10Bcm2loEtETAALTFATSL, Zhicky,
WM E 225 p T = V2R END, T, RUFANV—A by NERHAD A A
VHA (FAALAY : B, FAZRXLE¥—150keV, RK—=ZXE1X10Ucm?) K
OF ¥ Z2NVERHOAF v HEA (FALTY : B, FAZINALFXF—20keV., F—X&
5X10lZcm-2) 179,

(00 83)]

KIZ, 11 (b)) xR T 5, pAY L 2IcBIASTI 3Ick-THENEE
AR D FIz, Ny 77 —#giEe L TMAIEEEO., 5 nmfEEos U @b (X
B EARL 2R, SaEEER S — MEgE4 & U THAISEE4 n mFEREOH T S i
ONJE (BRLIEHAEIRIEIE 1 n mPERE) Z2HFET 5,

[(0084)

iz, 11 (e) WRT &S, EapEEy — M4 Ficflzid%8E100nm
HEoV — NENMEE S AZFRT 5.

[0085)

Xic, 77— NEMAMRHES A Fic/ — NEMIERFEIREZE S VYA M Z -2 (IR
) AL 728, UFHL T ARNRY —2R2AZ & LTHF— NEMMEHES AliTL T
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TyFUTET-T M11 (d) WrT &I, ¥— MNEMWS ZERT S, Tk, »
— MM 5 OAMINCHLE T 5 EaFEE S — M4 28RNy F o 7 k- TRE 2
nmfEERETSE, Chicky., 7 — FEHS oMINTHLE T 5 5 FER Yy — MgE4
PRFIEE 2 nmFEEE CHL T A LM TES, i T, F— hNEMbE<TAZ LT
HANLIFL T, fIAIFAs (BR) ZHEATRXLVLFXF—-2keV, R—XE1X10lic
milDEHTAF L HEATEZLICLY, nMT 2503 g ¥R 0 2RSS, %
D&, F—rEMbE<AZ L TEMLIISHL T, fIZIEBZEAZILFX—10ke
V., R=XE3X10BcmI2oFHTTAA L FEATEHILICLY, pBKRYy v I 1
1 2R T5, 22T, pHRFy MEIKL 1 22K L 2%, nBlor 2523 g 24
1 02K L TYH L,

[0086)

mm\%WI@LKQEKEOT§E5Onmﬁﬁ@%@ﬁ%ﬁﬁbt& By A urediiy
WL Ty F Ry 22177, 11 (e) ITRT DI, ~EEMr 5 DI I R
MoV A KRyxr—N7 2Kk dT 5,

[0087)

RIS, F— NS MOV A R — L TR<AZ 2 L THEMNLISHTL T, MIZITA s
EFHFEALRXNLX—10keV, R—XHB5X10cmIiOfEhTAArFALE. M
ZIX1050CHEDEETSPIKE RTA (rapid thermal annealing ) 21TV,
FEARMY 2L T 5, chicky, M1 1 (£) 1RT XD, nlly—=2 - RLA
UHIR 1 2YERE NS,

[0088)

PLEICEHA L 72 R E izl Aikic k5 &, 31 oFEjiiEoM 1 SF E THiE (

X 1B 2GR RICER T &8 TE 5,
[0089)

L AT, iR — MEBIE4AITELBE A TS 20, EifEES — MR
4 R EETEIFAATDR D (Projection Range ) F/hE LI 20Ty, fE- o
11 (d) WRTIRIIBWT, nflmr 2503 9 V48R O Xidp IRy v MK 1
1 ZFRT 572012, 7F— FNEM S OAMINITBWTEFEERY — MEgE4 I8 b /=3
ML L TAF EAT LRI, METAINVX -2 KELITEHLERH S, LAL,
REMFRETIEY — hEM 5 DM DOTHFEEE Y — MERIE 4 WHEE (LI h T 5 729
T AN F —DF KT HIHITE LD T, nﬂiaxr/yazﬁﬁlokbwféw%
GERBITTERTE, ZHICE Y FAAL 285 oln L2 RT3,

[0090)

M. AREREZRBICBWT, 3 A R4 — L7 OFFREIS. A Rog—L 7 oAl
BT EaAdERyr — MEgIE4 2. HIRIET7 vz Y=y by F 7 TR K
FGA T F AT E>THRELTL LY, 2DEE, Yoy hDyvF o TEHWLESIC
I, A R —v 7 oflligiBo THRCALE T 5 EapERr — M4 o —38. 2% 9
AR ERS — ML 4 ol E 2 v FIRICEOVBWT ) v F 28T T kv, ok
T B L. Bl OERPEEOEFMOMI SFE THE (63 2RHICEBT S
T ENTESL,

(009 1)

F 7o, AREWHEEICBWT, ¥ — NEH S oMIlc B 2 3ERY — MNMEBIE4 o
BEALOFEEIIRICIRES NS L O TII WS, HigERyY — MNgis4 L U TR IFH T
SiONEEZHWLIHEE. ¥—bh - FLAVHoRED FEZHIGITA 791213, 7F— b
Wl 5 OMYDOETEREFR Y — MEBIE4L ZE)E 2 n mFEELI McEELT 5 ((HUFEMK L
DFREMMPBHLZRWE D) ZePUFE L,

(009 2)
(55 6 OFEMEFES

PUF. RFRIHOH 6 OFRFEIEIC 25 FEMAEE ol HikIc>n» T, nfIMI SFE
To#lEFEEME LT, MAZ2SELURMBSHET S, M1 2 (a) ~ (g) ik #6
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DERFREIC (25 FEREE oG HEoX TREZ R TN TS 5.

[0093)

F9. M2 (a) T ki, MRIETUarhrorsdEME 1, E70HaR
LB STI 3EZWRINCHZRL /2. EN1IFL T, MIXIEBEZFEATRLEF—30
OkeV, RF—XE1X10Bcm2oEHTAA L EATS, Zhicky, HHHEIEE
BB PR 2 V2R ENS, AT, NUFANV—RA Ny NERHO A A 3 A (GE
AMFY : B, FAZRZNLX—150keV, F—XE1X10Bcm2) KUOF» 2L
RO A F > EA (EAAATY : B, FAZXLX—20keV, R—XE5X 1012
cm™) #1795,

(0094)]

Xz, 12 (b)) ipRdEdc, pAY 2L 2IcBIASTI 3ick-sTHENSWE
PEAEIR DRIz, Ny 77 —#EgiEe U TR A IEHEEO0. 5 nmfEEoT U UEUiE (X
TREI) R, SAERS — MESEE4 LT ITHEEA n mPEEOHF S i
ONJE (ELIEHAEIEEI3 1 n mBEE) ZHFET 5.,

[(0095)]

iz, M1 2 (e) RTEHIC, EapdEERy — MiEgE4 FIcH2i3EE1 00 nm
MO — NEMATEHE S AZTZKT 5,

[0096)

X, 7 — NEMATEHES A Ric/ — NEMIEREREZE S LI A M E — 0 (BIRE
1) AR L7218, UKL IAMNRY -2 BT AT & L TH — NEMMEHES AlcitL T
TyFUTEITS-TC M12 (d) WRT &I, F— NEWRS ZERT S, T0E. 7
— NEEMr 5 DML E T B S adEER Y — Mg 4 28I vy F o Zic k - THEE 2
nmPEERET S, Zhick ., »F— NEMS OMIDOEFEERY — MERHIE 4 % IR
JE2 nmfEEE THLITLEZ I TE S,

(009 7]

RiC, E1 o FIcL@EICE - TEE 1 O n miEE OMGEIE 2 HEFE L 7218, Wi
WL Ty F Ny 2 %21T-T, K1 2 (e) T DS, 7F— hEMS ofljfEict 7
Yy MY A RO — N6 EFKTEL, D&, 78y MY A K7 x—IL6 OMINHUE
TELEBERS - MEBE4 2. IZE7vBEH Y=y by F U7 XITERKNS
AL F k> THET S, T, F— hEMbBNOT 7Yy A R —16
EAZ L LTEMIIISTLT. fIZIFAsE2FALTRILX—-2keV, F—XE1X1
OBecml2DEBTAA L FATEZILICKY, nHIT I 2522 g 4L 0 2T
b, TDE, ¥F— NEMWLKRTFT 72y YA R — V6 E2<AZ & L THEMLICITL
T, MIAIEBZAFATRENLX—10keV, R—XE3X10BcmIloFHF A4 E
ATBZ ik, pEyry MMERL 1 2K T 5,

(009 8)

Kic, A1 o FIceHIcE - THEJE S5 0 n mFES OMGIE L HEFE L 7215, Wigiegs
WL Ty FNy 727> C, A1 2 (f) IR T &2, F— b5 ofiimict >
Yy hYA K7 r—06 200 TSROV A4 R 3 — 7 2K T 5,

[(0099])

xic, F—brEMmL, A7y AR —N6KNTV A R4 — VTR L L
THERKLISHL T, MIZIFAsSZFATILX—10keV, R—XE5X10!5cm?
DEHTAFFALEE. MAIE1050CHEDRETSPIKE RTAZITWL,
FEARNF 2 E LTS5, chicky, M1 2 (g) IaRTEdIiIC, nfly—x2- KL+
IR 2R E N B,

(0100])

DL T3 L 7= AR E e BE 5 L 5 &, 3 2 0FEMAEOM I SF E THE (
X2 5i) 2R HRICER TS W TE 5,

(0101]

. REBHZEICBCT, 7%y A R —b e DfRKkic, £ 7%y AR
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74—V 6 DAMINCAY E T B SRy — MERIE4 2, IR vBEH W -7 =y b
Ty F ko THETBERIC, A7y Mo R g — L6 ofllmmgEo Ml E$
LHEREEERY — MNMERIE 4 038, 2% VEFEER Y — MEBE4 oflimEtE: 2 v FIRIC
HOBWT ) v F 2T T I, 20XDIT D, F20EBEEDFE 1 ZRMloM
ISFETHE (75 ZHBICEBRTLIZLENTES,

(0102)

¥ 7. REWEREBICBWT., ¥F— NEMRS oMIlicBUI 2 HRFERYy — MNEBE4 o
JEALOFEEIIFICHRESI NS b DO TIIRWAS, EiFER sy — b%@ﬁ4au1mK@Hf
SiONEZHWLES. Y— b FLAUvlog2o LR 2HgT5 20120k, F— b
%ﬁS@%@Q%ﬁ%$V~F%@ﬁ4%ﬁf2nmﬁﬁUTk§§ﬂ?é(@L%ﬁl
DFREMMPBHLZWEDIZ) Z & FEL W,

(0103)

¥ /-, XEBPEBICBWT, 72y M A R — V6 2R LAEE. 782y M
A4 R 4 —)v 6 DAMINITAIE T 2 5FERY — NG44 2L, Tk, nflor =
FUT g VAL OO p IRy, MEIEL 1 2R T 220D TV FAET->T2. L
ML, ZHIIfRAT, A7y A R4 — V6 B2EKRLIZE. Aoy YA Koy
—JV 6 OAMINTHIE(LL 7= EEFEER Y — Mg 4 2 R{F 372 REBTCn By 25
a1 O KU pHIRYy v MR 1 1 2R T 27204 AV EAZRIToTH Ly,
DEIICLTYH, KXEBETIZIA 72y b A R7a—L 6 DAMINALE T 5 EiHEER
77— MR A 2SEIE LS N TV 5720, T RNV E— DKk EHIHI TELDT, nl
T AFT g /ﬁtﬁ 10 5sj5t/"({§‘/#’%AE %‘«-ﬁ/f&f% ZFhic ks A Zfﬁ‘@
D EEHYRT s, Fi2, oG, nMor 252y g VIR O RO pHIEY v R
IR 1 2RI D004 F LV EAZTE%. A7y b3 A R x—1 6 o4l
WETLEFERYS — MEGHE4 28 L. Tok, 6N BT o F » 2L
MiFWooBEFEZDOMI SFETOLZ Y A5 Y a YEBMORY v MEBEEZRT 2729
DAFEAEIT>TH L,

(0104)

(B8 7 OFE RS

PUT. RFHOE 7 oFwZEICAR S FEAKE oG HEIC DT, nfl MISF
EToflEREE2ME LT, MEE2SHEL2N6HHT S, M13 (a) ~ (g) 1% F
7 OEREFRBIC RS PEAEE oG oS T2 RTREXTH S,

[0105)

F9. M13 (a) IapaT o, AT VUar»esiEiE 1, FEF08YR
LB STI 3ZHERANCHERRL 7218, EWM 1L T, MIZIEBEZEATZRXALFXF—30
OkeV, F—XHE1X10Bcm2OEHBTAA LV HFATSE, 2k, EHEHEIRE
A5 pHIY = V2R ENS, T, NUFAN—A M v NSTERBHOA A FE A GGF
AAF B, FATZINALX—150keV, F—XE1X10Bcm2) AUF» 2L
RO A T EA (FAAATY : B, FAZRXLFXF—20keV, R—XELX 1012
cm™) #1795,

(010686])

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

[(0107)

iz, 13 (e) T &IIT, EapEEy — M4 Ficflzi3%E100nm
HEoV — NENMEE S AZFRT 5.

[0108)

Ko, ' — NEMARHE S A FICH — NEMFEREBEZE D VYA MY — 2 (RS
B B L 7218, UELIAMNRY -2 B AT & L TH— MENMEHES ATl T
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TyFUTEIT-T. M13 (d) WrT kI, ¥— NEMWS ZERT S, Tk, »
— MM 5 OAMINCHLE T 5 EaFEE S — M4 28RNy F o 7 k- TRE 2
nmfEERETSE, Chicky., 7 — FEHS oMIOEFERY — MEBIE4 2 iR {7E
JE2 nmfiEE THLITELIENTES,

[(01009)

Kic, 1 o FIcSHEIICE S THEE 5 n miEE OMBIR 2 HFE L /2%, YiEgiiic
STL Ty F Ry Z7%E1T->T, K13 (e) ITRT LD, F— MEM 5 o
DF 7y MY A R —IL6 2FRT S, DR, F'— hNEMLNOCF 72y MY A K
DA —IBIC KD EINTORWLEFRERY — MEBIE4 2 X SIS 1 n mBEER:
T5, Ik, 7y A Ko 3—I)L6 OIIHiE T 5 HimEER sy — MoglE
AREFHEl nmEEF CHITAZILNTXS, 20, F— NEBWRLNUA Ty
F AR —6%2<A 2 LTHEMIIHTTLT, MRXIFAsEFATRILFE—2ke
V., RF=ZXB1X10Becml2oFHTAA L EFEATEHILICLY, nHlz 25U
VHIRL 0 RTERT B, Fok, F— MBS AU 72y A R 3 — V6 R
CLTHEMIITL T, HIXIEBEZFATRIALX—10keV, F—XE3X10llcm
LDOFRBETAAEAT LI LICKY, pRERyy MEIKL 1 2EKT 5.

[0110)

Ric, BEMN1 o FcemicE > TREJES O n miEEOMBEIELZ R L 718, MiiiEgE
IITL Ty F Ny 2 &2T->T, M1 3 () IRT &I, F— NEMS ofliEicA 7
Yy b A Rox—v6 2N L TGOV A RO -7 2RT 5.

(0111)

iz, = EMS, A7y AL RT3 — N6 KOV A R — VT2 2L
TERIISHTLT, MIZIFAsZFATRNE—10keV, RF—X8E5X10lcm-?
DEBETAFALEALE, ZIZ1050CHEOEETSPIKE RTA%R{TWL,
FEANY 2 EmEALT S, chick), 13 (g) 1RT&2iC, nBly—=2- RLAg
UHEIR L 23R E RS,

[(0112)

DL RIS U 7= AR E o silE Hikic kb . B3 0EMFEEOMI SFE THE (
X 53 ZHIRHEHRICERT L BN TE D,

[0113)

¥ 72, KEBEEBIIBWLTUI, A7y b A R r— 6 MITERELRY — Mg
A EDES —HH#EL LH>FA 7y YA R —)L 6 OMMlloEidEmR sy — g
JEAEDHEIEAZ EHITHILTWS, 2o/, F— NEM5 NOF 72y v YA R g
— V6 ETAZELL T, nMT 72523 g ¥Rl OB FRT B0 F 2 FEALIT
IBRCEH, MEL XN T — DK EZ /N NRCHIBITE LD T, nBTr X522 g U
1 0ICBVWTELITERWESEERICEARTE, Zhick 54 25 Eom EE2 MY %
Ty,

(0114)

M. AREHEEEBICBWT, 341 R4 — 7 OFRIEIC. A Roa— 7 oA
BT 5Eap@EEy — M4 2, iz viilrHvwzr =y Ry F o7 NFWR R
FGATyF U TICE>THELTE RN, £/2. TR, 34 R —I)U 7higkD s
R — MEBIE4 > F 0 EFEES — MEgIE 4 ofllhiiEky 2 v FIRICE Y R TH &
VW, TDXDICTBHE, F3OEGHEBOEFMOMI SFETHIE (N8B ZiH
ICEBRTBEZZENTESL,

[0115)

¥ 7. REFEFEEICBWT, 7— NER S OMMIIic B 2 EEER S — MNERE4 o
BALOFEEZ., A7y A R+ — 6D THICBWTOY A Rur— 70 FHIIC
BOTHHIIREE N b TR, LML, BEFEERYyr — MgE4 & L Tl 2 1EH
fSiONEZHWSEE, ¥—h: FLAUHoBRO FHZHHIT 2201213, ¥ —
&M 5 DM DT EFEER Y — MgIE4 ZEE 2 n mFERE DI MICHEET 2 2 e 281 %
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Ly,

(01186)

(3 8 DEREFZRE)

PUF. RRIHOH 8 oF MBI iR2 FEAKXEE oSG A DWW T, nfIMI SFE
ToflEFEzME LT, XEZBELRMBSEATS, X144 (a) ~ (g) KU1
5 (a) ~ (d) 1% 3H 8 0EEHEBIC (%5 FBREE ol Hiko& T2 <3 RimEX
THD,

[(0117)

FF.XM14 (a) IRT LI, MRIESUarrersHE N E 1S, EFOMSR
E25STI 3ZEBRANICHRL 2%, ERK1I1IFL T, MIZIEBZFEATRALF—30
OkeV, R—=XB1X10Bcm2OFHTAAEATS, Zhicky, HHEHEIRE
AT 2 V2R END, T, NYUFRANL—ZA KNy NERHAOA A A G
ALY : B, FATZRNVX—150keV, F—XE1X10Bcm ) KUF ¥RV
RO A F > EA CEAAALY : B, FATLRXNLFXF—20keV, R—XE5X 1012
cm) #1179,

(011 8)

Kic, H14 (b)) lagpd Ea1c, pRAY=2L21CBIASTI Sick->THENSE
MR Fic, Ny 77 —#gEe L THXITIEEO. 5 nmfEEoT U VEEIE (M
NEM) BIEARL 721R. mapEFE S — MEgE4 & L THAITHEE4A n mFEREOHT S i
ONJE (ELIEHEIEEIL 1 n mBEE) ZHFET 5,

(0119)

Xic, 114 (e) WRT kIS, EapdERy — MNMEgE4 Loy — NENATEHE S A
CLTHAITEELI OO n mEDRY Y aEE R L 721k, 7 — NEMATRHES A
DFLITHN—E (R 152 L THMAITEEL O nmEEoT U a U @tE42 HifEdT
5,

(0120])

Kz, HN—JE1 5 Ficy — NEMIERFIBEEZE Y LY A ME - (BIREK) %2
RL7=tE. YLV IARRE - BRI E L TAHNR—JEL 5 KO — NEMATEHES A
WL TERR =y F 2 727> T, 14 (d) iR &5, AN—j8E1 5ickYy kA
WEbNWZ — NEM D 2R T 5, Tok. ¥ — NEMS OMINCHE T 5 EiFEERYS
— MERE4 2 EBRN Ty F o 2710k > TEE2 n mBEERET S, Zhickh, F—b
Ehl 5 OMUDOEEFE RS — MgE4 2 RFEE2 n mEEE THI T2 2R TES

(0121]

RIS, EA1 o FICAHEIICE - TEE 1 0 n miEEE MG IR 2 HEFE L 7218, WMEkiaigs
LTy FANy 21T TC X144 (e) IRT LD, ¥— MM b ofiiEicA 7
ty b A RT3 —N62FRT B, ZDR. A7y b A K7 —)b 6 oM E
TEHLEBERS — MEBE4 2. RSy vBERHC Y=y by F U7 XITERRNS
ALy F UL THET S, T, F— MNEMLO AT 7Yy N A R4 —I16
AT L THEMLISHTL T, MIAIFAsEHFATRIALX—2keV, R—XE1X1
OBecmi2DEBTAALFATEZILICKY, nBIT I 2522 g VKL O 2T
b, TD®E, F— M NEMLNOA Ty b A RT3 — V62 AZ & L THEMNLITHL
T, MIZIFBZFATRINF—10keV, R—XE3IX10BcmIioFHTAFE
ATBHZ LTk, pHIERYyy MEIRL 1 2TRT 5,

[(0122)

Ric, HE1 o FIcAHEIICEH S THEES O n mEEE oM (MIZIES i N 2 HifE
L7z, HEHEREIC L Ty F Ny 7 &217-C, X1 4 (£f) ITrT kDL, F—h
EisofEcA 7y AL R — b6 2L Tiltigor A4 R — 7 2R T
5,

(01 23]
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wic, = EMbS, 7%y M A R =N KNOT A RT3 —NTEATEL
TEMNLITHTL T, MIZIFAsZFATEXNLNTE—10keV, F—XE5X10l5cm-?
DEETAA L EALE, MIZIT1 050 CHEOEHETSPIKE RTABRITU.
FEARMY 2L T 5, chicky, M14 (g) IRT XD, nlly—=2 - RLA
UHIR 1 2R E NS,

(0124)

YRIC, EA1 D FICAHEICE > THEE1 O n miEEOLENE (X IEN i 8 ZHEFEL
k&\RTA%%%?&:&K&D%ﬁl@%&%ﬁtéﬁﬁt%fﬁéﬁ zhick-
T. @15 (a) iZRT LD, nBIyV—2 - FULAVERL 2 FIC U A RKEL 3%
kT 5. Zotk, FEN1 _RISHEET RGO LBIEE HBE - kT 5,

(0125)

iz, 15 (b) IRT LT, F—hEMmS 0 EE2ESTLHEMN 1 o HiceMEIcE > T
I ZIEHEIE4 0 O n mFEE D RHEEiE 1 4 2 HFET 2.,

[012686)]

Kz, 15 (e) i T ko1, MIAIECMP (chemical mechanical polishing )
WCko TEMMIE L1 4%, ZoXRABIN—E1 5o tHEE 1225 % TH] - 721%.
VHBHL AN E1 522y F U 7ICkVMET S, 2ok &, CMPHROEEER
140 RN OA 72y h YA R — 6D EEBBREEIND,

(0127)]

Kic, M1 o FIcAHEICE - THEE 1 0 0 n miEEoLEHE (FIZIEN i 8 2 HEfE
L7ztk. RTAZEBETLZ IickVF— ML 0L B Z200EE, 7
hick->7T, 15 (d) IZRT LI, 70T UB A RMIbEhi=r—rEMkl 6 (5%
RS — MEGHE4 FoLSHEIT VYA RMbah/z7/ — hEM 1 6) 2FRT 5,

(01 28]

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

(01 29)

. AEMBIEBICBWT, 7%y " A R —IL6 oEmkEIc. £ 7%y R A K
7 A —I)V 6 DIMINCHIE T 5 EfdERs — MiEgiE4 2. lIRE7vyBEHW Y=y b
ToF ko THETLIEIC, 7%y b4 Ko g—)L 6 ofliao M E T
HEREEE T — MERIE4 o8B, o F Y EFEEERS — MERRIE4 oflimsiEE: 2 v FIRIC
OBWT ) v FZ2&TTCH LN, ZoEDITDe, FUS IHERZHWEE 20FEHK
FREDH 1 EMoMI SFE THE (M75H) Z2BBICERTLIZ N TES,

(0130])

¥/, REREEEICBWT, ¥ — NEM S oM BT 2 SFEERY — MR 4 o
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Application No. Applicant(s)

13/037,831 HIRASE ET AL.
Office Action Summary Examiner ArLUnit

CHUONG LUU 2892

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 03 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

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

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

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

Status

1)[] Responsive to communication(s) filedon
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J 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) 21-42is/are pending in the application.
ba) Of the above claim(s) ___is/are withdrawn from consideration.
8)[] Claim(s) ___is/are allowed.
7)X] Claim(s) 21-42is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[0 Claim(s) ____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).
2)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a)X Al b)[J Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2..X Certified copies of the priority documents have been received in Application No. 12/505,799.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZI Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 3/1/2011. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20110817
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Art Unit: 2892

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

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

A person shall be entitled to a patent unless —

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

The Rejections

Claim 21 is rejected under 35 U.S.C. 102(e as being anticipated by Hieda et al.
(U.S. 6,992,358).

Hieda discloses a semiconductor device with

(21) a high dielectric constant gate insulating film (102-oxide) formed on an
active region in a substrate (101);

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

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

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

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

electrode (103) (see Figure 5B);

N
¥
:

)

y

102 —-
101 =

Fi1G. 5B

Claim 21 is rejected under 35 U.S.C. 102(e) as being anticipated by Hieda et al.
(U.S. 6,992,358).

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

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

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

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

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

part of the high dielectric constant gate insulating film (102-oxide) located under

the insulating sidewall (106) has a smaller thickness than a thickness of part of the high
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Application/Control Number: 13/037,831 Page 5
Art Unit: 2892

dielectric constant gate insulating film (102-oxide) located under the gate electrode

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

OBVIOUS TYPE DOUBLE PATENTING
Statutory Basis

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

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 21-42 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 12-16 of U.S. Patent No.
7,923,764.
Although the conflicting claims are not identical, they are claiming common
subject matter, as follows: both U.S. Patent and instant application claimed a
semiconductor device capable of implementing a second insulating sidewall on each

side surface of the gate electrode. Specifically, regarding claim 21 of instant application

discloses a semiconductor device (claim 1 of Pat. 7,579,227, line 32) comprising: a high
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dielectric constant gate insulating film formed on an active region in a substrate (claim
1, lines 33-34); a gate electrode formed on the high dielectric constant gate insulating
film (claim 1, lines 35-36); a insulating sidewall formed on each side surface of the gate
electrode (claim 1, lines 37-38); 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 (claim 1, lines 42-44), and an end of the high dielectric constant gate
insulating film under the insulating sidewall is located at a predetermined distance from
an outer end of the insulating sidewall toward the gate electrode (claim 1, lines 45-49).

The limitations recited of the current application is broader compared with the
U.S. Patent No. 7,923,764. Therefore, it would have been obvious to one having
ordinary skill in the art at the time of the invention was made to modify the teaching of
the Pat. No. 7,923,764 to fabricate a semiconductor structure as recited in the present
application.

For these reasons, claim 21-42 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 LUU whose telephone number is (571)272-

1902. The examiner can normally be reached on M-F (6:30-3:00).
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thao X. Le can be reached on (571) 272-1708. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

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

/Chuong A Luu/

Primary Examiner, Art Unit 2892
August 17, 2011

Page 128 of 245

UMC 1002
UMC v. AICP



Application/Control Number: 13/037,831 Page 8
Art Unit: 2892

Page 129 of 245 UMC 1002
UMC v. AICP



Application/Control No. Applicant(s)/Patent Under
Reexamination
13/037,831 HIRASE ET AL.
Notice of References Cited . .
Examiner Art Unit
CHUONG LUU 2892 Page 1 of 1
U.S. PATENT DOCUMENTS
* cOUmB%CiQiTm'iZTE% Code MMD.?\?YY Name Classification
* | A | US-7,923,764 04-2011 Hirase et al. 257/295
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
| us-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* Coun ts%‘:;j?iﬂtm'\ézrzi; Code MMD-;d(t\?YY Country Name Classification
N
@)
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Page 130 of 245

Part of Paper No. 20110817

UMC 1002
UMC v. AICP



UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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

CONFIRMATION NO. 7641

SERIAL NUMBER
13/037,831

FILING or 371(c)
DATE
03/01/2011
RULE

CLASS
257

GROUP ART UNIT
2892

ATTORNE(\)( DOCKET
085393-0499

APPLICANTS

03/10/2011

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

*%k CONTINUING DATA khkkkkhkkhhkkhkkhkhhkhhkhkkhkhkhhhkk
This application is a DIV of 12/505,799 07/20/2009 PAT 7,923,764
which is a DIV of 11/491,260 07/24/2006 PAT 7,579,227

%k FOREIGN APPLICATIONS kkkdkdkdkkkkhkdkhkkkkkkkkhhhhk
JAPAN 2005-227457 08/05/2005

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Yes, CAL

Yes,

CAL

Foreign Priority claimed

Verified and

35 USC 119(a-d) conditions met aYes D No

aYes D No

Met after
Allowance

/CHUONG A LUU/ CAL

Acknowledged

Examiner's Signature

Inttials

STATE OR
COUNTRY

JAPAN

SHEETS
DRAWINGS

TOTAL
CLAIMS

11 22

INDEPENDENT
CLAIMS

1

ADDRESS

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

TITLE

SEMICONDUCTOR DEVICE

FILING FEE
RECEIVED |No.
1194 No.

for following:

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

U All Fees

U 1.16 Fees (Filing)

1 1.17 Fees (Processing Ext. of time)

|EI 1.18 Fees (Issue) |

|EI Other

|0 Credit

BIB (Rev. 05/07).

Page 131 of 245

UMC 1002
UMC v. AICP
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EAST Search History

EAST Search History (Prior Art)

Search Query

Default
Operator

Time Stamp

11/491260

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

OR

2010/07/30
21:31

iSi18

("20030022422" | "20040004234" |
"20040129997" | "20050121733" |
"20050127436" | "20060121740" |

"6642071" | "6929992" | "6992358").PN. OR

("7579227").URPN.

US-PGPUB;
USPAT; USOCR

OR

ON

2010/07/30
21:36

is119

12/505799

US-PGPUB;
USPAT; USOCR

OR

ON

2010/07/30
21:37

15120

2925

(257/295).CCLS.

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

OR

OFF

2010/07/30
21:39

5121

1497

(257/310).0CLS.

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

OR

OFF

2010/07/30
21:39

is122

09/916509

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

OR

ON

2010/07/30
21:39

5123

4702

(257/296,295,310.ccls.) and (gate or
electrode) and ((gate or electrode) adj
(insulat$4 or dielectric or oxide))

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

OR

ON

2010/07/30
21:39

is124

587

(257/296,295,310.ccls.) and (gate or
electrode) near ((gate or electrode) adj
(insulat$4 or dielectric or oxide))

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

OR

ON

2010/07/30
21:39

18125

587

(257/296,295,310.ccls.) and ((gate or
electrode) near ((gate or electrode) adj
(insulat$4 or dielectric or oxide)))

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

OR
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iS126 435 {(257/296,295,310.ccls.) and ((gate or US-PGPUB; OR ON 2010/07/30
: electrode) adj ((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide))) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18127 {57 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
iS128 133 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) adj (high USOCR; FPRS;
adj dielectric adj constant)) EPO; JPO;
DERWENT;
: IBM_TDB
iS129 113 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:40
(insulat$4 or dielectric or oxide)) adj (high USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
48130 119 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:41
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
iS131 6 "6992358" US-PGPUB; OR ON 2010/07/30
: USPAT; 21:41
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
28132 18 ("20030209761" | "20040150520" | US-PGPUB; OR ON 2010/07/30
: "20040178451" | "20050040464" | USPAT; USOCR 21:41
"20050051843" | "20050110085" |
"4979014" | "6437404" | "6538916" |
"6580132" | "6639246" | "6646307" |
"6687152" | "6724046" | "6740938" |
: "6744390" | "6800513" | "6822071").PN.
§S133 155 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/07/30
: electrode) and (((gate or electrode) adj USPAT; 21:41
(insulat$4 or dielectric or oxide)) same (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
5134 16 (("7018873") or ("6929992") or ("6992358") {US-PGPUB; OR OFF 2010/07/30
3 or ("20060121740") or ("20050121733") or USPAT 21:45
: ("7579227")).PN.
8135 19 (("6992358") or ("6929992") or ("6642071") US-PGPUB; OR OFF 2010/07/30
: or ("20060121740") or ("20030022422") or  {USPAT 21:52
("20040004234") or ("20040129997") or
: ("20050121733") or ("20050127436")).PN.
18136 13 (("6,992,358") or ("7579227") or US-PGPUB; OR OFF 2010/08/02
: ("20050121733")).PN. USPAT 04:43
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18137 56 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/02
: electrode) and (((gate or electrode) adj USPAT; 08:26
(insulat$4 or dielectric or oxide)) same (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
18138 1 ("5473168").PN. US-PGPUB; OR OFF 2010/12/02
: USPAT 09:41
iS139 i1 12/190015 US-PGPUB; OR ON 2010/12/02
: USPAT; 09:42
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS140 {19 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/02
: electrode) and (((gate or electrode) adj USPAT; 13:11
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
S141 6 "6992358" US-PGPUB; OR ON 2010/12/04
: USPAT; 20:37
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS142 11017 igate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2010/12/04
: dielectric)) with (notch$4 or undercut$4)) USPAT; USOCR 20:38
iS143 119 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/04
‘ electrode) and (((gate or electrode) adj USPAT; 20:38
(insulat$4 or dielectric or oxide)) near (high {USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
is144 {137 gate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2010/12/04
: dielectric)) near (notch$4 or undercut$4)) USPAT; USOCR 20:38
iS145 123 gate and ((gate adj (oxide or insulat$4 or US-PGPUB; OR ON 2010/12/04
f dielectric)) adj (notch$4 or undercut$4)) USPAT; USOCR 20:38
18146 1177 (257/296,295,310.ccls.) and (gate or US-PGPUB; OR ON 2010/12/04
: electrode) and (((gate or electrode) adj USPAT; 20:39
(insulat$4 or dielectric or oxide)) and (high USOCR; FPRS;
adj dielectric adj constant)) and overlap$4 EPO; JPO;
DERWENT;
: IBM_TDB
iS147 2 (("6642071") or ("6929992")).PN. USPAT OR OFF 2010/12/04
: 20:39
is148 6 (257/296,295,310.ccls.) and (((high adj US-PGPUB; OR ON 2010/12/04
] dielectric adj constant) or (ferroelectric)) adj {USPAT; 20:39
gate adj (layer or film)) and (gate or USOCR; FPRS;
electrode) EPO; JPO;
DERWENT;
: IBM_TDB
28149 3 (("20070228442") or ("20040171280") or US-PGPUB; OR OFF 2010/12/04
: ("20030207097")).PN. USPAT 20:40
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18150

1555

hirase.inv.

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

OR

ON

2010/12/04
20:40

15151

79

S150 and junji

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

OR

ON

2010/12/04
20:41

15152

S151 and (gate or electrode) and (((gate or
electrode) adj (insulat$4 or dielectric or
oxide)) adj (high adj dielectric adj constant))

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

OR

ON

2010/12/04
20:41

18153

S151 and (((high adj dielectric adj constant)
or (ferroelectric)) adj gate adj (layer or film))
and (gate or electrode)

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

OR

ON

2010/12/04
20:41

\Si54

256

sebe.inv.

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

OR

ON

2010/12/04
20:41

35155

18

S154 and akio

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

OR

ON

2010/12/04
20:41

15156

S155 and (((high adj dielectric adj constant)
or (ferroelectric)) adj gate adj (layer or film))
and (gate or electrode)

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

OR

ON

2010/12/04
20:41

iS157

18752

kotani.inv.

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

OR

ON

2010/12/04
20:42

15158

236

S$157 and naoki

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

OR

ON

2010/12/04
20:42

15159
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S158 and (((high adj dielectric adj constant)
or (ferroelectric)) adj gate adj (layer or film))
and (gate or electrode)

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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iS160 10 okazaki and gen and (((high adj dielectric US-PGPUB; OR ON 2010/12/04
: adj constant) or (ferroelectric)) adj gate adj {USPAT; 20:42
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18161 {0 aida and kazuhiko and (((high adj dielectric {US-PGPUB; OR ON 2010/12/04
: adj constant) or (ferroelectric)) adj gate adj {USPAT; 20:43
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS162 10 takeoka and shinji and (((high adj dielectric {US-PGPUB; OR ON 2010/12/04
: adj constant) or (ferroelectric)) adj gate adj {USPAT; 20:43
(layer or film)) and (gate or electrode) USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS163 135 (((semiconductor) and (gate or electrode) US-PGPUB; OR ON 2010/12/04
: and (((gate or electrode) adj (insulat$4 or USPAT; 20:43
dielectric or oxide)) adj (high adj dielectric USOCR; FPRS;
adj constant)))).clm. EPO; JPO;
DERWENT;
: IBM_TDB
iS164 21 (((semiconductor) and (gate or electrode) US-PGPUB OR ON 2010/12/04
: and (((gate or electrode) adj (insulat$4 or 20:43
dielectric or oxide)) adj (high adj dielectric
: adj constant)))).clm.
18165 15 (("20050127436") or ("6284630") or US-PGPUB; OR OFF 2010/12/04
1 ("20020163039") or ("20010028086") or USPAT 20:44
: ("5223445")).PN.
18166 13 09/824672 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:44
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
18167 {2 09/848431 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:44
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
15168 8 (("20050127436") or ("6284630") or US-PGPUB; OR OFF 2010/12/04
: ("20020163039") or ("20010028086") or USPAT 20:44
("5223445") or ("6509612") or ("6794258")
: or ("6614081")).PN.
5169 4 10/904875 US-PGPUB; OR ON 2010/12/04
: USPAT; 20:45
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
iS170 {1928 {(257/324).CCLS. US-PGPUB; OR OFF 2010/12/04
‘ USPAT; 20:46
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

UMC 1002
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18171

(257/296,295,310,324,410,411.ccls.) and
(gate or electrode) and ((gate or electrode)
adj (insulat$4 or dielectric or oxide)) and
(((high adj dielectric adj constant) or
(ferroelectric)) adj gate adj (layer or film))

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

OR

ON

2010/12/04
20:46

iS172

1290

(257/410).0CLS.

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

OR

OFF

2010/12/04
20:46

8173

185

257/e29.132.ccls.

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

OR

ON

2010/12/04
20:46

iS174

1693

257/e29.133.ccls.

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

OR

ON

2010/12/04
20:46

8175

1606

257/e29.137 .ccls.

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

OR

ON

2010/12/04
20:47

15176

181

257/e29.138.ccls.

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

OR

ON

2010/12/04
20:47

18177

676

257/e29.162.ccls.

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

OR

ON

2010/12/04
20:47

iS178

570

257/e29.165.ccls.

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

OR

ON

2010/12/04
20:47

is179

(257/€29.132,29.133,629.134,629.135,
€29.136,e29.137,629.138,629.138,e29.162,
€29.163,e29.164,e29.164,e29.165.ccls.) and
(gate or electrode) and ((gate or electrode)
adj (insulat$4 or dielectric or oxide)) and
(((high adj dielectric adj constant) or
(ferroelectric)) adj gate adj (layer or film))

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

OR

ON

2010/12/04
20:47

§s1so
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1375

(257/411).CCLS.

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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is181 54 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and (((high adj dielectric {USPAT; 20:48
adj constant) or (ferroelectric)) adj (gate or {USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat EPO; JPO;
$4)) DERWENT;
: IBM_TDB
15182 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and (((high adj dielectric {USPAT; 20:48
adj constant) or (ferroelectric)) adj (gate or {USOCR; FPRS;
electrode) adj (dielectric or oxide or insulat EPO; JPO;
$4)) and @ad< ="20050805" DERWENT;
: IBM_TDB
18183 {111 ("257"/$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:48
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
is184 123 (257/€29.132,229.133,€29.134,29.135, US-PGPUB; OR ON 2010/12/04
‘ €29.136,e29.137,629.138,629.138,e29.162, {USPAT; 20:48
€29.163,e29.164,e29.164,e29.165.ccls.) and {USOCR; FPRS;
(gate or electrode) and (((high adj dielectric {EPO; JPO;
adj constant) or (ferroelectric)) adj (gate or {DERWENT;
electrode) adj (dielectric or oxide or insulat IBM_TDB
$4)) and @ad< ="20050805"
is185 {102 (257/e$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:49
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
18186 132 ("438"/$.ccls.) and (gate or electrode) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:49
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad< ="20050805" DERWENT;
‘ IBM_TDB
iS187 {5444  {(257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (gate or electrode) and ((gate or electrode) {USPAT; 20:50
adj (dielectric or oxide or insulat$4)) and USOCR; FPRS;
@ad<="20050805" EPO; JPO;
DERWENT;
: IBM_TDB
15188 48 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((high adj dielectric adj constant) or USPAT; 20:50
(ferroelectric)) adj (gate or electrode) adj USOCR; FPRS;
(dielectric or oxide or insulat$4)) and EPO; JPO;
@ad<="20050805" DERWENT;
: IBM_TDB
iS189 {770 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
; (((gate or electrode) adj (dielectric or oxide {USPAT; 20:50
or insulat$4)) with ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad< ="20050805" DERWENT;
: IBM_TDB
iS190 {184 (257/296,295,310,324,410,411.ccls.) and US-PGPUB; OR ON 2010/12/04
: (((gate or electrode) adj (dielectric or oxide {USPAT; 20:50
or insulat$4)) near ((high adj dielectric adj USOCR; FPRS;
constant) or (ferroelectric))) and EPO; JPO;
@ad< ="20050805" DERWENT;
IBM_TDB

UMC 1002
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s191

1011

(257/296,295,310,324,410,411.ccls.) and
(((gate or electrode) adj (dielectric or oxide
or insulat$4)) same ((high adj dielectric adj
constant) or (ferroelectric))) and

@ad< ="20050805"

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

OR

ON

2010/12/04
20:51

15193

10/519799

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

OR

ON

2010/12/04
20:51

is194

"7186604"

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

OR

ON

2010/12/04
20:51

5195

11/491260

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

OR

ON

2010/12/04
20:52

is196

1375

(257/411).0CLS.

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

OR

OFF

2010/12/04
21:13

ist97

"13037831"

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

OR

ON

2011/08/17
17:43

iS198

3142

(257/295).0CLS.

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

OR

OFF

2011/08/17
17:44

is199

11/491260

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

OR

ON

2011/08/17
17:44

18200

12/505799

US-PGPUB;
USPAT; USOCR

OR

ON

2011/08/17
17:44

18201

("20030022422") or ("20040004234") or
"20040129997") or ("20050121733") or
"20060121740")).PN.

US-PGPUB

OR

OFF

2011/08/17
20:09

18002

("7,579,227") or ("20050121733") or

US-PGPUB;
USPAT

OR

OFF

2011/08/17
20:13

15203
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("20030022422") or ("20040004234") or
"20040129997") or ("20050121733") or
"20060121740") or ("6,992,358") or

(
(
(
(
("6,992,358")).PN.
(
E
("6,929,992") or ("6,642,071")).PN.

US-PGPUB;
USPAT
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Docket No.: 085393-0499 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of :  Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 7641
Application No.: 13/037,831 Group Art Unit: 2892

Filed: March 01, 2011 Examiner: LUU, CHUONG A.

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. It is respectfully requested that the documents be expressly considered during the prosecution
of this application, and that the documents be made of record therein and appear among the
"References Cited" on any patent to issue therefrom.

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

mailing date of a Final Rejection or Notice of Allowance.

CERTIFICATION PARAGRAPH

The undersigned certifies that each item of information contained in this Information

Disclosure Statement was first cited in a communication from a foreign patent office in a
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13/037,831

counterpart foreign application not more than three months prior to the filing of this Information

Disclosure Statement as described in 37 CFR 1.97(e)(1).

Each Japanese reference was cited in a corresponding Japanese application Office Action

dated September 27, 2011. Please note that the reference JP 2005-064190 has been previously

cited in an Information Disclosure Statement filed March 1, 2011; therefore, only the English

translation is attached herewith.

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:mjb
Facsimile: 202.756.8087
Date: October 27,2011

Respe@tﬁglly submitted,

e ,f>

MgDERM‘OTT ,WILL & EMERY LLP

M& el E"”Fogartg
ﬁéglstratlgn No. 56 139

Please chognge our Customer No. 53080
as our carrespéndence address.

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

New Applications Under 35 U.S.C. 111

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

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

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: 085393-0499 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 7641
Application No.: 13/037,831 Group Art Unit: 2892

Filed: March 1, 2011 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
Sir:
In response to the Office Action dated September 9, 2011 having a shortened statutory

period of response set to expire on December 9, 2011, please amend the above-identified

application as follows:
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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. Patent Application No. 12/505,799, filed on July

20, 2009, which is now U.S. Patent No. 7.923,764, which is a Divisional of U.S. Patent

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 incorporated by reference. --
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REMARKS
I. Introduction
In response to the pending Office Action, Applicants have amended the specification so
as to update the priority information.
For at least the reasons set forth below, it is respectfully submitted that all pending claims

are patentable over the cited prior art references.

I11. The Rejection Of The Claim Under 35 U.S.C. § 102

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

Claim 21 relates to a semiconductor device and recites in part a high dielectric constant
gate insulating film formed on an active region in a substrate; 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. Claim 21 further recites that 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 that an end of the high dielectric constant gate insulating film under

the insulating sidewall is located at a predetermined distance from an outer end of the

insulating sidewall toward the gate electrode. Thus, as recited by claim 21, the high dielectric

constant gate insulating film does not extend so as to reach the outer end of the insulating
sidewall.
For example, referring to the exemplary embodiments shown in Figs. 6 and 10, the high

dielectric constant gate insulating film 4a extends under both the gate electrode 5 and the first
-3-
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insulating sidewalls 7, however, the high dielectric constant gate insulating film 4a is not
disposed underneath the outer ends of the insulating sidewalls 7. As noted, for example, in
paragraph [0058] of the published application (USP Pub. No. 2011/0147857), a portion of the
high dielectric constant gate insulating film 4a is removed beneath the outer ends of the
insulating sidewalls 7.

Turning to the pending rejection and the cited prior art, it is asserted that the buried oxide
film 102 of Hieda corresponds to the recited high dielectric constant gate insulating film, and that
the oxide film 106 corresponds to the recited insulating sidewalls. First, it is noted that the
pending rejection addresses the thickness of the gate insulating film 102 located under the
alleged sidewall 106 relative to thickness of the gate insulating film 102 under gate electrode
103. Importantly, however, claim 21 does not recite any limitations directed to the thickness of
the gate insulating film.

Moreover, Heidi does not disclose or suggest the element of claim 21 noted above which

recites an_end of the high dielectric constant gate insulating film under the insulating sidewall

is located at a predetermined distance from an outer end of the insulating sidewall toward the

gate electrode. In other words, the recited high dielectric constant gate electrode recited by
claim 21 does not extend so far such that it is disposed beneath the outer end of the insulating
sidewall, as is shown, for example, in the exemplary embodiments of Figs. 6 and 10. Itis
disposed inwardly of the outer end of the insulating sidewall.

In direct contrast, Heidi only discloses a device in which the alleged gate insulating film
102 extends below and beyond the outer ends of the alleged sidewall 106. Indeed, as shown in

Figs. 5B, 9A and 9C, the gate insulating film 102 extends beyond the outer end of the sidewall

-4.-
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106, and beyond the outer ends of films 110 and 112 of Hieda. Thus, it is clear that, at a
minimum, Hieda fails to disclose the foregoing element recited by claim 21.
It is well known that the factual determination of lack of novelty under 35 U.S.C. § 102

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

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

suggest each of the elements recited by claim 21, and therefore does not anticipate claim 21.

III.  The Obvious Type Double Patenting Rejection

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

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

Iv. Dependent Claims

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

dependent thereon are also patentable.
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V. Summary

Applicants submit that all of the claims are now in condition for allowance, an indication
of which is respectfully solicited.

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

Respectfuflﬁy submitted,

MCDE}i Q?TT WILL ?EMERY LLP

ff;

T:/h F” oga;}yw
R¥ glstratlonN() 364139

600 13 Street, N.W. Please recogmz/e/{)ur Customer No. 53080
Washington, DC 20005-3096 as our corrégpﬁndence address.

Phone: 202.756.8000 MEF:lcb

Facsimile: 202.756.8087

Date: November 17,2011

DM_US 30776117-1.085393.0499
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Based on PTO/SB/26 (09-04)

Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER "PRIOR" PATENT 085393-0499

In re Application of: Junji HIRASE, et al.
Application No.: 13/037,831

Filed: March 1, 2011

For: SEMICONDUCTOR DEVICE

The owner*, Panasonic Corporation, of 100 percent interest in the instant application hereby disclaims, except as provided below, the teminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the full statutory
term prior patent No. 7,923,764 as the term of said patent is defined in 35 U.S.C. 154 and 173, and as the term of said prior patent is
presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be
enforceable only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted
on the instant application and is binding upon the grantee, its successors or assigns.

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

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

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

has all claims canceled by a reexamination certificate;

is reissued; or

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

Check either box 1 or 2 below, if appropriate.

1. [0 For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, 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.
#

2. [ The undersigned is an attorney orfag“é{ﬁ}}gécord. Rgg. No. 36,139

/

V

Iy

7/ e ;’_f i £
L4 f — November 17, 2011
7 % ——taa
gi,ff P ;&gnature Dato

Michael E. Fogarty
Typed or printed name

202.756.8372

Telephone Number

X Terminal disclaimer fee under 37 CFR 1.20(d) is included  [X] Charge Deposit Account 500417 [] Check enclosed

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

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

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

DM_US 30782254-1.085393.0499
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Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees
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Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Page 156 of 245 UMC 1002
UMC v. AICP



.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Statutory or terminal disclaimer 1814 1 160 160
Total in USD ($) 160
Page 157 of 245 UMC 1002

UMC v. AICP



Electronic Acknowledgement Receipt

EFS ID: 11433560
Application Number: 13037831
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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Machine Translation of

Japanese Patent Publication No. 2003-258241

* NOTICES *
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damages caused by the use of this translation.

1. This document has been translated by computer. So the translation may not reflect the
original precisely.
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3. In the drawings, any words are not translated.

[Claim(s)]

[Claim 1]A semiconductor device which functions as an MOSFET, comprising:

Gate dielectric film which consists of a high dielectric film formed on a semiconductor
substrate.

A gate electrode which consists of a conductive film formed on said gate dielectric film.
The 1st sidewall that consists of a dielectric film formed in a side attachment wall of
said gate electrode.

The 2nd sidewall that consists of an oxidation-resistant film formed so that said 1st

sidewall might be covered.

[Claim 2]The semiconductor device according to claim 1, wherein the upper part of said
1st sidewall is lower than height of said gate electrode.

[Claim 3]The semiconductor device according to claim 1 or 2, wherein said gate
dielectric film and said 1st sidewall consist of the same dielectric film.

[Claim 4]A semiconductor device given in any 1 clause of Claims 1-3 having further a
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cap film which consists of an oxidation-resistant film formed on said gate electrode.
[Claim 5]A manufacturing method of a semiconductor device which functions as an
MOSFET characterized by comprising the following.

A process of forming gate dielectric film which consists of high dielectric films on a
semiconductor substrate (a).

A process (b) of forming a gate electrode which consists of conductive films on said
gate dielectric film.

A process (c) of forming the 1st sidewall that becomes a side attachment wall of said
gate electrode from a dielectric film.

A process (d) of forming the 2nd sidewall that consists of an oxidation-resistant film so

that said 1st sidewall may be covered.

[Claim 6]A manufacturing method of the semiconductor device according to claim 5
forming the upper part of said Ist sidewall so that it may become lower than height of
said gate electrode.

[Claim 7]A manufacturing method of the semiconductor device according to claim 5 or
6, wherein said gate dielectric film and said 1st sidewall consist of the same dielectric
film.

[Claim 8]A manufacturing method of a semiconductor device which functions as an
MOSFET characterized by comprising the following.

A process of forming gate dielectric film which consists of high dielectric films on a
semiconductor substrate (a).

A process (b) of depositing a conductive film and an oxidation-resistant film one by one
on said gate dielectric film.

A process (c) of providing an etching mask, etching said oxidation-resistant film and
said conductive film one by one, and forming a cap film and a gate electrode on said
oxidation-resistant film.

A process (d) of forming the 1st sidewall that becomes only a side attachment wall of

said gate electrode from a dielectric film.

Page 164 of 245

UMC 1002
UMC v. AICP



A process of forming the 2nd sidewall that consists of an oxidation-resistant film so that

said 1st sidewall may be covered (e).

[Claim 9]A manufacturing method of the semiconductor device according to claim 8
having combined the upper part of said 2nd sidewall with a side attachment wall of said
cap film.

[Claim 10]JA manufacturing method of the semiconductor device according to claim 8
or 9, wherein said gate dielectric film and said 1st sidewall consist of the same dielectric

film.

[Detailed Description of the Invention]

[0001]

[Field of the Invention]Especially this invention relates to the insulated-gate type field
effect transistor which has gate dielectric film which consists of high dielectrics (high
dielectric constant material) about a semiconductor device and a manufacturing method
for the same.

[0002]

[Description of the Prior Art]In recent years, the miniaturization of the insulated-gate
type field effect transistor (henceforth MOSFET) using silicon oxide (henceforth a SiO;
film) is progressing by progress of the processing technology of a semiconductor
process. However, if thin film-ization of gate dielectric film is advanced with
proportionality reduction of MOSFET, increase of the gate leakage current by tunnel
current will become a problem. In order to avoid this problem, research of MOSFET
which has gate dielectric film ¢henceforth high dielectric gate dielectric film) which
consists of a high dielectric which used the zirconium oxidation film (henceforth a ZrO,
film) etc. is done. On the other hand, if micro processing of a gate electrode is advanced
with reduction of an element, film decrease and damage will arise in the gate dielectric
film in the ground of a gate electrode by reactive ion etching (henceforth RIE) which

realizes anisotropy. This becomes a cause and the poor resisting pressure of gate
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dielectric film and reliability degradation occur. By the conventional MOSFET, in order
to solve this problem, after forming a gate electrode, a silicon substrate is reoxidated
and a bird's beak (henceforth Gate Bird's Beak) is formed in the edge lower part of a
gate electrode. What was indicated to JP,H6-204237 A is known by MOSFET which
has such Gate Bird's Beak.

[0003]It explains referring to Drawings for the structure and the manufacturing method
of MOSFET which has conventional Gate Bird's Beak hereafter. Drawing 4 is a
sectional view showing the manufacturing process of the n type conventional MOSFET.
[0004]The semiconductor substrate which consists of a silicon single crystal of a p type
[ 21 ] in drawing 4. (It is hereafter called a Si substrate), the gate dielectric film in which
22 consists of a SiO; film, The gate electrode in which 23 consists of a n type
polycrystalline silicon film (henceforth a poly Si film), the LDD diffusion layer of an
type [ 24 1, the SiO; film in which, as for 25, an end becomes Gate Bird's Beak, the
sidewall which 26 becomes from a TEOS film, and 27 are n* type source drain diffusion
layers.

[0005]First, as shown in drawing 4 (A), after forming an element isolation layer (not
shown) on Si substrate 21 which consists of a p type silicon single crystal which has a
field (100), the SiO, film 22 which oxidizes Si substrate 21 thermally and turns into
gate dielectric film is formed. Then, after depositing a n type poly Si film on the SiO;
film 22 with a CVD method, RIE is performed for a resist film (not shown) on a mask,
and the gate electrode 23 is formed. At this time, film decrease also of the SiO; film 22
of a ground film is etched and carried out. Damage is produced on the surface of the
SiQ; film 22 by an etching damage. After removing a resist film, the ion implantation of
the arsenic is carried out for the gate electrode 23 to a mask, and n type LDD diffusion
layer 24 is formed in the surface of Si substrate 21.

[0006]Next, if Si substrate 21 is again oxidized thermally and the SiO, film 25 is
formed on LDD diffusion layer 24 as shown in drawing 4 (B), Gate Bird's Beak will be
formed in the edge lower part of the gate electrode 23. If it does in this way, the SiO;

film 22 which carried out film decrease by etching will be reoxidated, and it will change
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to the thick SiO; film 25. Damage to the surface of the SiO, film 22 is also recovered by
reoxidation. Therefore, the poor resisting pressure of gate dielectric film and reliability
degradation can be controlled.

[0007]Next, after depositing a TEOS film so that the gate electrode 23 top may be
covered with a CVD method as shown in drawing 4 (C), RIE is performed to this TEOS
film and the sidewall 26 is formed in the side attachment wall of the gate electrode 23.
[0008]Next, as shown in drawing 4 (D), the ion implantation of the arsenic is carried out
for the gate electrode 23 and the sidewall 26 to a mask, and the n* type source drain
diffusion layer 27 is formed in the surface of Si substrate 21. Finally, although use
well-known technology and it is not illustrated, an interlayer insulation film, a contact
hole, and metallic wiring are formed one by one on Si substrate 21, and the
conventional MOSFET is completed.

[0009]As mentioned above, by forming Gate Bird's Beak, the increase in gate leakage
current was controlled and MOSFET which poor resisting pressure and reliability
degradation do not generate is realized.

[0010]

[Problem to be solved by the invention]JHowever, although the conventional
composition could be applied to MOSFET which used the SiO; film, it was not able to
be applied to MOSFET using the high dielectric gate dielectric film which consists of a
ZrQ; film etc. from the following Reasons.

[0011]In the oxidation process which forms Gate Bird's Beak, oxidation seeds (oxygen
etc.) infiltrate into an interface with a ZrO; film or a Si substrate from the edge lower
part of a gate electrode, the inside of a film and an interface are diffused further, the Si
substrate under a gate electrode is oxidized, and a thin SiO; film is formed. By this,
since gate dielectric film turns into a cascade screen of a ZrO; film and a thin SiO; film
substantially, the specific inductive capacity of the whole gate dielectric film will fall
compared with a ZrO; film from the first. For example, if Gate Bird's Beak is formed
after specific inductive capacity forms the ZrO, film whose thickness is 5.0 nm by

15-20, the thin SiO; film whose thickness specific inductive capacity is 0.2-0.3 nm in
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3.9 will be formed in an interface. In this case, the specific inductive capacity of the
whole gate dielectric film is 13-17, and thickness is set to 5.2-5.3 nm. That is, although
the increase in thickness of the whole gate dielectric film is only about 5%, since
specific inductive capacity falls about 14%, the current capability of MOSFET declines
substantially as a result. Since a Si0; film thick in the shape of a wedge is formed in the
edge lower part of a gate electrode, effectual gate length changes and the threshold
voltage of MOSFET is changed. Thus, when Gate Bird's Beak was formed in MOSFET
using high dielectric gate dielectric film, there was a problem of deteriorating or
changing the electrical property of MOSFET.

[0012]if heat treatment in atmosphere and the deposition of an insulator layer
containing oxidation or oxygen gas are performed after forming a gate electrode even
when not forming Gate Bird's Beak, Like the case where Gate Bird's Beak is formed,
since an ultra-thin SiO; film is formed in Si interface, the specific inductive capacity of
the whole gate dielectric film will fall. Therefore, there was a problem that the electrical
property of MOSFET using high dielectric gate dielectric film deteriorated also in this
case.

[0013]This invention was made in view of the above-mentioned problem, and is ****,
The purpose is to provide a semiconductor device which controlled the poor resisting
pressure of gate dielectric film, and reliability degradation, and prevented decline in

high specific inductive capacity, and a manufacturing method for the same.

[0014]

[Means for solving problem]In order that this invention may attain the above-mentioned
purpose, the semiconductor device of this invention is characterized by that the
semiconductor device which functions as an MOSFET comprises:

Gate dielectric film which consists of a high dielectric film formed on the
semiconductor substrate.

The gate electrode which consists of a conductive film formed on gate dielectric film.

The 1st sidewall that consists of a dielectric film formed in the side attachment wall of a
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gate electrode.
The 2nd sidewall that consists of an oxidation-resistant film formed so that the Ist

sidewall might be covered.

[0015]By this composition, the poor resisting pressure and reliability degradation by the
film decrease and damage to high dielectric gate dielectric film can be controlled. Since
an ultra-thin SiO; film is not formed in Si interface at a next process, decline in the high
specific inductive capacity of high dielectric gate dielectric film can be prevented.
[0016]As for the upper part of the 1st sidewall, in the above-mentioned semiconductor
device, it is preferred that it is lower than the height of a gate electrode.

[0017]In the above-mentioned semiconductor device, it is preferred that gate dielectric
film and the 1st sidewall consist of the same dielectric film.

[0018]In the above-mentioned semiconductor device, it is preferred to have had further
the cap film which consists of an oxidation-resistant film formed on the gate electrode.
{0019]As for this invention, the manufacturing method of the semiconductor device of
this invention is characterized by that the manufacturing method of the semiconductor
device which functions as an MOSFET comprises the following again.

The process of forming the gate dielectric film which consists of high dielectric films on
a semiconductor substrate (a).

The process (b) of forming the gate electrode which consists of conductive films on gate
dielectric film.

The process (c) of forming the 1st sidewall that becomes a side attachment wall of a
gate electrode from a dielectric film.

The process (d) of forming the 2nd sidewall that consists of an oxidation-resistant film

so that the 1st sidewall may be covered.

[0020]By this composition, the poor resisting pressure and reliability degradation by the
film decrease and damage to high dielectric gate dielectric film can be controlled. Since

an ultra-thin SiO; film is not formed in Si interface at a next process, decline in the high
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specific inductive capacity of high dielectric gate dielectric film can be prevented.
{0021]As for the upper part of the 1st sidewall, in the manufacturing method of the
above-mentioned semiconductor device, it is preferred to form so that it may become
lower than the height of a gate electrode.

[0022]In the manufacturing method of the above-mentioned semiconductor device, it is
preferred that gate dielectric film and the 1st sidewall consist of the same dielectric film.
[0023]As for this invention, the manufacturing method of the semiconductor device of
this invention is characterized by that the manufacturing method of the semiconductor
device which functions as an MOSFET comprises the following further.

The process of forming the gate dielectric film which consists of high dielectric films on
a semiconductor substrate (a).

The process (b) of depositing a conductive film and an oxidation-resistant film one by
one on gate dielectric film.

The process (c) of providing an etching mask, etching an oxidation-resistant film and a
conductive film one by one, and forming a cap film and a gate electrode on an
oxidation-resistant film.

The process (d) of forming the 1st sidewall that becomes only a side attachment wall of
a gate electrode from a dielectric film, and the process of forming the 2nd sidewall that

consists of an oxidation-resistant film so that the 1st sidewall may be covered (e).

[0024]By this composition, the poor resisting pressure and reliability degradation by the
film decrease and damage to high dielectric gate dielectric film can be controlled. Since
an ultra-thin SiO» film is not formed in Si interface at a next process, decline in the high
specific inductive capacity of high dielectric gate dielectric film can be prevented.
[0025]As for the upper part of the 2nd sidewall, in the manufacturing method of the
above-mentioned semiconductor device, it is preferred to have combined with the side
attachment wall of a cap film.

[0026]In the manufacturing method of the above-mentioned semiconductor device, it is

preferred that gate dielectric film and the 1st sidewall consist of the same dielectric film.
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{0027]

[Mode for carrying out the invention](A 1st embodiment) A Ist embodiment of this
invention is described hereafter, referring to Drawings. Drawing 1 is a sectional view
showing the manufacturing process of the semiconductor device which functions as a n
type MOSFET concerning a 1st embodiment of this invention.

{0028]The high dielectric gate dielectric film in which the Si substrate of a p type [ 1 ]
and 2 consist of a ZrO; film in drawing 1, The gate electrode which consists of a poly Si
film of a n type [ 3 ], the LDD diffusion layer of a n type [ 4 ], the 1st sidewall which 5
becomes from a ZrO; film (insulator layer), and 6 are silicon nitride films (it is an
oxidation-resistant film and). The 2nd sidewall that consists of calling it an SizNy film
below, and 7 are n* type source drain diffusion layers.

{0029]First, as shown in drawing 1 (A), after forming an element isolation layer (not
shown) on Si substrate 1 which has a field (100), Reactive sputtering is performed to the
metal target which consists of Zr in the atmosphere of the mixed gas of argon gas and
oxygen gas, and the ZrO, film 2 which turns into high dielectric gate dielectric film is
formed by about 5-nm thickness on Si substrate 1. Then, after depositing a n type poly
Si film in about 200-300-nm thickness on the ZrO; film 2 with a CVD method, RIE is
performed for a resist film (not shown) on a mask, and the gate electrode 3 is formed on
the ZrO; film 2. At this time, film decrease also of the ZrO; film 2 of a ground film is
etched and carried out like a conventional example. Damage is produced on the surface
of the ZrO, film 2 by an etching damage. After removing a resist film, the ion
implantation of the arsenic is carried out for the gate electrode 3 to a mask, and n type
LDD diffusion layer 4 is formed in the surface of Si substrate 1.

[0030]The ZrO, film which turns into an insulator layer so that reactive sputtering may
be performed and the gate electrode 3 top may be covered like the above, as shown in
drawing 1 (B) Next, after [ for example, } depositing in about 20-100-nm thickness, The
1st sidewall 5 that performs RIE to this ZrO; film, and becomes the side of the gate
electrode 3 from a ZrO; film is formed. At this time, the ZrO; film 2 of a ground film is

also etched simultaneously, and is removed altogether. If it does in this way, since a
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ZrO; film accumulates again on the ZrO, film 2 which carried out film decrease by
etching, film decrease will be canceled in the edge lower part of the gate electrode 3.
Damage to the surface of the ZrO; film 2 is also recovered by redeposition. Therefore,
the poor resisting pressure of high dielectric gate dielectric film and reliability
degradation can be controlled like the conventional example in which Gate Bird's Beak
was formed.

[0031]As shown in drawing 1 (C), the SizNy film which turns into an oxidation-resistant

film so that the gate electrode 3 top may be covered with a CVD method Next, after
[ for example, ] depositing in about 50-200-nm thickness, The 2nd sidewall 6 is formed
so that the 1st sidewall 5 that performed RIE to this SizNy film, and was provided in the
side attachment wall of the gate electrode 3 may be covered. Since the side attachment
wall of the gate electrode 3 is covered by the 2nd sidewall 6 that consists of an SizNy
film if it does in this way, even if it performs heat treatment in atmosphere and the
deposition of an insulator layer containing oxidation or oxygen gas after this process, an
ultra-thin SiO; film is not formed in Si interface. Therefore, the decline in the high
specific inductive capacity by formation of an ultra-thin SiO; film which becomes with
a problem in the case of high dielectric gate dielectric film can be prevented.
[0032]Next, as shown in drawing 1 (D), the ion implantation of the arsenic is carried out
for the gate electrode 3, the 1st sidewall 5, and the 2nd sidewall 6 to a mask, and the n*
type source drain diffusion layer 7 is formed in the surface of Si substrate 1. Finally,
although use well-known technology and it is not illustrated, an interlayer insulation
film, a contact hole, and metallic wiring are formed one by one on Si substrate |, and
MOSFET of a 1st embodiment is completed.

[0033]As mentioned above, since according to a 1st embodiment the 1st sidewall that
becomes the side attachment wall from a ZrO, film is formed after forming the gate
electrode 3, the poor resisting pressure and reliability degradation by the film decrease
and damage to high dielectric gate dielectric film can be controlled. Since the 2nd
sidewall 6 that consists of an Si3Ny4 film is formed so that the 1st sidewall 5 may be

covered, an ultra-thin SiO; film is not formed in Si interface at a next process. That is,
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decline in the high specific inductive capacity of high dielectric gate dielectric film can
be prevented. Therefore, a semiconductor device which functions as an MOSFET which
controlled the poor resisting pressure of high dielectric gate dielectric film and
reliability degradation, and prevented decline in high specific inductive capacity, and a
manufacturing method for the same are realizable.

[0034](Modification of a 1st embodiment) The modification of a 1st embodiment is
explained hereafter, referring to Drawings. Drawing 2 is a sectional view showing the
manufacturing process of n type MOSFET concerning the modification of a 1st
embodiment. Although the component of drawing 2 is the same as drawing 1, the form
of the 1st sidewall 5 and the 2nd sidewall 6 differs.

[0035]First, after depositing the ZrO, film which turns into an insulator layer so that the
gate electrode 3 top may be covered as shown in drawing 2 (B). the 1st sidewall 5 that
performs RIE to this ZrO, film, and becomes the side of the gate electrode 3 from a
ZrO; film is formed. Here, unlike the form of drawing 1 (B), predetermined
over-etching is performed, and it forms so that the upper part of the 1st sidewall 5 may
become lower about at least 50 nm than the height of the gate electrode 3. Also in this
case, the film decrease and damage to the ZrO; film 2 are also improved by the
redeposition of a ZrO; film in the edge lower part of the gate electrode 3 like drawing 1
(B). Therefore, the poor resisting pressure of high dielectric gate dielectric film and
reliability degradation can be controlled.

[0036]After depositing the SisNy4 film which turns into an oxidation-resistant film so
that the gate electrode 3 top may be covered as shown in drawing 2 (C), the 2nd
sidewall 6 is formed so that the 1st sidewall 5 that performed RIE to this SizNy4 film, and
was provided in the side attachment wall of the gate electrode 3 may be covered. Also
in this case, unlike the form of drawing 1 (C), the upper part of the 2nd sidewall 6 is
formed thickly, and only the part in which the upper part of the 1st sidewall 5 is lower
than the height of the gate electrode 3 becomes a thickness of about at least 50 nm. Even
if it performs heat treatment in atmosphere and the deposition of an insulator layer

which contain oxidation or oxygen gas after this process like drawing 1 (C) also in this
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case, an ultra-thin SiO, film is not formed in Si interface. Therefore, the decline in the
high specific inductive capacity by formation of an ultra-thin SiO, film which becomes
with a problem in the case of high dielectric gate dielectric film can be prevented.
[0037]As mentioned above, since according to the modification of a 1st embodiment the
same effect as a 1st embodiment is acquired and also the upper part of the 1st sidewall 5
is still lower than the height of the gate electrode 3, the upper part of the 2nd sidewall 6
is thickly formed compared with the case of a 1st embodiment. For this reason, even if
the formation process of a sidewall varies, the side attachment wall of the gate electrode
3 can be certainly covered by the 2nd sidewall that consists of an oxidation-resistant
film. Therefore, since an ultra-thin SiO-, film is not formed in Si interface at a next
process, decline in the high specific inductive capacity of high dielectric gate dielectric
film can be certainly prevented rather than a 1st embodiment.

[0038](A 2nd embodiment} A 2nd embodiment of this invention is described hereafter,
referring to Drawings. Drawing 3 is a sectional view showing the manufacturing
process of the semiconductor device which functions as a n type MOSFET concerning a
2nd embodiment of this invention.

[0039]The high dielectric gate dielectric film in which the Si substrate of aptype [ 11 ]
and 12 consist of a ZrO; film in drawing 3, The gate electrode which consists of a poly
Si film of a n type [ 13 ], the LDD diffusion layer of a n type [ 14 ], The Ist sidewall
which 15 becomes from a ZrO; film (insulator layer), the 2nd sidewall which 16
becomes from an SisNy film (oxidation-resistant film), and 17 are an n* type source
drain diffusion layer and a cap film in which 18 consists of an SizNg film
(oxidation-resistant film).

[0040]First, as shown in drawing 3 (A), after forming an element isolation layer (not
shown) on Si substrate 11 which has a field (100), Reactive sputtering is performed to
the metal target which consists of Zr in the atmosphere of the mixed gas of argon gas
and oxygen gas, and the ZrO> film 12 which turns into high dielectric gate dielectric
film is formed by about 5-nm thickness on Si substrate 11. Then, a n type poly Si film is
deposited in about 200-300-nm thickness on the ZrO, film 12 with a CVD method, The
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SizNy film which turns into an oxidation-resistant film Then, after [ for example, ]
depositing in about 50-100-nm thickness, The cap film 18 which consists of the gate
electrode 13 and Si3Njy film which perform RIE on a mask and become it from a n type
poly Si film on the ZrO; film 12 about a resist film (not shown) is formed. At this time,
film decrease also of the ZrO, film 12 of a ground film is etched and carried out.
Damage is produced on the surface of the ZrO; film 12 by an etching damage. After
removing a resist film, the ion implantation of the arsenic is carried out for the gate
electrode 13 to a mask, and n type LDD diffusion layer 14 is formed in the surface of Si
substrate 11.

[0041]The ZrO; film which turns into an insulator layer so that reactive sputtering may
be performed and the gate electrode 13 and cap film 18 top may be covered like the
above, as shown in drawing 3 (B) Next, after [ for example, ] depositing in about
20-100-nm thickness, The Ist sidewall 15 that performs RIE to this ZrO; film, and
becomes only the side of the gate electrode 13 from a ZrO; film is formed. At this time,
the ZrO; film 12 of a ground film is also etched simultaneously, and is removed
altogether. If it does in this way, since a ZrO; film accumulates again on the ZrO, film
12 which carried out film decrease by etching, film decrease will be canceled in the
edge lower part of the gate electrode 13. Damage to the surface of the ZrO; film 12 is
also recovered by redeposition. Therefore, the poor resisting pressure of high dielectric
gate dielectric film and reliability degradation can be controlled like the conventional
example in which Gate Bird's Beak was formed.

[0042]As shown in drawing 3 (C), the Si3Ny film which turns into an oxidation-resistant

film so that the gate electrode 13 top may be covered with a CVD method Next, after
[ for example, ] depositing in about 50-200-nm thickness, The 2nd sidewall 16 is
formed so that the st sidewall 15 that performed RIE to this SizN4 film, and was
provided in the side attachment wall of the gate electrode 13 may be covered. Since the
side attachment wall of the gate electrode 13 is covered by the 2nd sidewall 16 that
consists of an SisNg film if it does in this way, even if it performs heat treatment in

atmosphere and the deposition of an insulator layer containing oxidation or oxygen gas
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after this process, an ultra-thin SiO- film is not formed in Si interface. Since diffusion of
the oxidation seed which led the grain boundary of the poly Si film which constitutes
the gate electrode 13 since it was covered with the cap film 18 in which the upper
surface of the gate electrode 13 also consists of an SizN, film is prevented, an ultra-thin
Si0O; film is not formed in Si interface. Therefore, the decline in the high specific
inductive capacity by formation of an ultra-thin SiO; film which becomes with a
problem in the case of high dielectric gate dielectric film can be prevented.

{0043]Next, as shown in drawing 3 (D), the ion implantation of the arsenic is carried out
for the gate electrode 13, the cap film 18, the 1st sidewall 15, and the 2nd sidewall 16 to
a mask, and the n* type source drain diffusion layer 17 is formed in the surface of Si
substrate 11. Finally, although use well-known technology and it is not illustrated, an
interlayer insulation film, a contact hole, and metallic wiring are formed one by one on
Si substrate 11, and MOSFET of a 2nd embodiment is completed.

[0044]As mentioned above, since according to a 2nd embodiment the 1st sidewall that
becomes the side attachment wall from a ZrO; film is formed after forming the gate
electrode 13, the poor resisting pressure and reliability degradation by the film decrease
and damage to high dielectric gate dielectric film can be controlled. Since the cap film
18 which consists of an SizNy4 film, and the 2nd sidewall 16 that consists of an SizNy
film so that the 1st sidewall 15 may be covered are formed so that the gate electrode 13
may be covered, An ultra-thin SiO; film is not formed in Si interface at a next process.
That is, decline in the high specific inductive capacity of high dielectric gate dielectric
film can be prevented. Therefore, a semiconductor device which functions as an
MOSFET which controlled the poor resisting pressure of high dielectric gate dielectric
film and reliability degradation, and prevented decline in high specific inductive
capacity, and a manufacturing method for the same are realizable.

[0045]In the 1st - a 2nd embodiment, although the ZrO- film was used and explained to
high dielectric gate dielectric film, even if it replaces with this and uses other high
dielectric films, for example, a HfO film, a Ta;Os film, or an aluminum;O; film, it

cannot be overemphasized that the effect of this invention is acquired. Even if it uses the
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silicate film which turns into high dielectric gate dielectric film from 3 element system
compounds of a high dielectric and silicon, the effect of this invention is acquired.
[0046]Although formed by performing reactive sputtering [ film / which turns into high
dielectric gate dielectric film / ZrO, ] using Zr target, it may replace with this and may
form by performing sputtering using a ZrO; target. Or it may form by performing CVD
using liquid sources, such as organic compound of Zr, for example, C;¢H2cHfO4, and
Ci6HaoN4Zr.

[0047]Although explained to the 1st sidewall using the same ZrOQ film as high
dielectric gate dielectric film, even if it replaces with this and uses other dielectric films,
for example, TEOS film, BPSG films, or SiON films, the effect of this invention is
acquired.

[0048] Although the poly Si film was used and explained to the gate electrode, even if it
replaces with this and uses a metal gate or silicide gates, such as other conductive films,
for example, W film, a TiN film, and a WSi, film, the effect of this invention is
acquired. Or even if it uses polymetal gates, such as W/TiN / poly Si film, TiSi2 / poly
Si film, the effect of this invention is acquired.

[0049]

[Effect of the Invention]As explained above, since according to a semiconductor device
of this invention, and a manufacturing method for the same the 1st sidewall that
becomes the side attachment wall from a dielectric film is formed after forming a gate
electrode, the poor resisting pressure and reliability degradation by the film decrease
and damage to high dielectric gate dielectric film can be controlled. Since the 2nd
sidewall that consists of an oxidation-resistant film is formed so that the Ist sidewall
may be covered, an ultra-thin SiO; film is not formed in Si interface at a next process.
That is, decline in the high specific inductive capacity of high dielectric gate dielectric
film can be prevented. Therefore, a semiconductor device which functions as an
MOSFET which controlled the poor resisting pressure of high dielectric gate dielectric
film and reliability degradation, and prevented decline in high specific inductive

capacity, and a manufacturing method for the same are realizable.

Page 177 of 245

UMC 1002
UMC v. AICP



[Brief Description of the Drawings]
{Drawing 11(A) - (D) is a sectional view showing the manufacturing process of n type
MOSFET in a 1st embodiment of this invention.
[Drawing 21(A) - (D) is a sectional view showing the manufacturing process of n type
MOSFET in the modification of a 1st embodiment of this invention.
Drawing 31(A) - (D) is a sectional view showing the manufacturing process of n type
MOSFET in a 2nd embodiment of this invention.
Drawing 4](A) - (D) is a sectional view showing the manufacturing process of the n
type conventional MOSFET.
[Explanations of letters or numerals}
1, the Si substrate of 11 p types
High dielectric gate dielectric film which consists of a 2 and 12 ZrO; film
The gate electrode which consists of 3 and a poly Si film of 13 n types
4, the LDD diffusion layer of 14 n types
The 1st sidewall that consists of 5 and a 15 ZrO, film (insulator layer)
The 2nd sidewall that consists of 6 and a 16 SisNy film (oxidation-resistant film)
A 7 and 17 n" type source drain diffusion layer

18 The cap film which consists of an Si3N4 film (oxidation-resistant film)
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Docket No.: 085393-0499 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Junji HIRASE, et al. Confirmation Number: 7641
Application No.: 13/037,831 Group Art Unit: 2892

Filed: March 01, 2011 Examiner; LUU, CHUONG A.

For:  SEMICONDUCTOR DEVICE

INFORMATION DISCLOSURE STATEMENT

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

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

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

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

date of a Final Rejection or Notice of Allowance.
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13/037,831

CERTIFICATION PARAGRAPH

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

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.

Respﬁcgfulx{”if/{;sgbmitted,i

%

MCDERM(ZTT WILL/c/S;c EMERY LLP

Mi

Michael E/?ogarty’

Registration No. 3 5,1 39
600 13" Street, N.W. Please recoginizé our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 MEF:kaw
Facsimile: 202.756.8087
Date: January 6, 2012
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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. |
13/037,831 03/01/2011 Junji HIRASE 085393-0499 7641
53080 7590 01/12/2012 | |
EXAMINER
MCDERMOTT WILL & EMERY LLP
600 13TH STREET, NW LUU, CHUONG A
WASHINGTON, DC 20005-3096
| ART UNIT | PAPER NUMBER |
2892
| NOTIFICATION DATE | DELIVERY MODE |
01/12/2012 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)
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Application No. Applicant(s)

13/037,831 HIRASE ET AL.
Office Action Summary Examiner Art Unit

CHUONG LUU 2892

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 03 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- I 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)IX] Responsive to communication(s) filed on 17 November 2011.
2a)[X] This action is FINAL. 2b)[] 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) 21-42is/are pending in the application.
5a) Of the above claim(s) ____is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 21-42is/are rejected.
) (
) (

) 21-42
8)[] Claim(s) _____is/are objected to.
9] Claim(s) ____ 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).
12)[C] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 10/27/2011. 6) I:l Other: ____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20111129
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Application/Control Number: 13/037,831 Page 2
Art Unit: 2892

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

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

A person shall be entitled to a patent unless —

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

The Rejections

Claim 21 is rejected under 35 U.S.C. 102(e as being anticipated by Hieda et al.
(U.S. 6,992,358).

Hieda discloses a semiconductor device with

(21) a high dielectric constant gate insulating film (102-oxide) formed on an
active region in a substrate (101);

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

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

(103),
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Application/Control Number: 13/037,831 Page 3

Art Unit: 2892
wherein the high dielectric constant gate insulating film (102-oxide) is
continuously formed so as to extend from under the gate electrode (103) to under the

insulating sidewall (106), and

at least part of the high dielectric constant gate insulating film (102-oxide) located

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

electrode (103) (see Figure 5B);

fgﬁ 7

102 —-
101 =

Fi1G.5B

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

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

Hieda discloses, as shown in Figures 9A and 9C, a semiconductor device with
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Application/Control Number: 13/037,831 Page 4
Art Unit: 2892

(21) a high dielectric constant gate insulating film (102-oxide) formed on an
active region in a substrate (101);

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

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

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

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

part of the high dielectric constant gate insulating film (102-oxide) located under

the insulating sidewall (106) has a smaller thickness than a thickness of part of the high
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Application/Control Number: 13/037,831 Page 5
Art Unit: 2892

dielectric constant gate insulating film (102-oxide) located under the gate electrode

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

Response to Arguments
Applicant's arguments filed on November 17, 2011 have been fully considered
but they are not persuasive. Applicant argues that Heidi does not disclose or suggest
that “an end of the high dielectric constant gate insulating film under the insulating
sidewall is located at a predetermined distance from an outer end of the insulating
sidewall toward the gate electrode”. This assertion is respectfully traversed. This
element can be seen in Figure 5B of Heidi's reference. The insulating sidewall (106) is

over at one end of the gate insulating film.

3 08 108

)

In view of the foregoing, it is believed that the rejections of claim 21 under 35

USC 102 is proper.
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Also, two (2) references are submitted on November 17, 2011 could be applied
to reject the independent claim 21 under USC 102. However, it will be overcame by

adding claim 22 into claim 21. This request is respectfully recomended.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHUONG LUU whose telephone number is (571)272-
1902. The examiner can normally be reached on M-F (6:30-3:00).

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

the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 13/037,831 Page 7
Art Unit: 2892

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

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

/Chuong A Luu/
Primary Examiner, Art Unit 2892
November 29, 2011
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Docket No.: 085393-0499

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Junji HIRASE, et al.
Application No.: 13/037,831
Filed: March 1, 2011

For:  SEMICONDUCTOR DEVICE

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

Alexandria, VA 22313-1450

Sir:

Customer Number: 53080
Confirmation Number: 7641
Group Art Unit: 2892

Examiner: Chuong A. LUU

RESPONSE

In response to the Office Action dated January 12, 2012 having a shortened statutory

period of response set to expire on April 12, 2012, Applicants respectfully request

reconsideration of the pending rejection for the reasons set forth below.
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REMARKS

L. Introduction
In response to the pending Office Action, Applicants respectfully submit that the pending

claims are patentable over the cited prior art reference for at least the reasons below.

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

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

As noted in Applicants’ previous response, claim 21 recites that 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 that an_end of the high dielectric constant gate

insulating film under the insulating sidewall is located at a predetermined distance from an

outer end of the insulating sidewall toward the gate electrode. Thus, as recited by claim 21, the

high dielectric constant gate insulating film does not extend so as to reach the outer end of the
insulating sidewall.

For example, referring to the exemplary embodiments shown in Figs. 6 and 10, the high
dielectric constant gate insulating film 4a extends under both the gate electrode 5 and the first
insulating sidewalls 7, however, the high dielectric constant gate insulating film 4a is not
disposed underneath the outer ends of the insulating sidewalls 7. As noted, for example, in
paragraph [0058] of the published application (USP Pub. No. 2011/0147857), a portion of the
high dielectric constant gate insulating film 4a is removed beneath the outer ends of the

insulating sidewalls 7.
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Turning to the pending rejection and the cited prior art reference, it is asserted that the
buried oxide film 102 of Hieda corresponds to the recited high dielectric constant gate insulating
film, and that the island-form semiconductor structure 103 of Hieda corresponds to the recited
gate electrode. However, upon review of Hieda, it is clear that the foregoing elements of Hieda
do NOT correspond to the recited high dielectric constant gate insulating film or gate electrode
of the present disclosure.

Referring to Figs. 5A-5C and 9A-9C of Hieda, these figures illustrate the steps of the
manufacturing process for manufacturing a transistor structure shown in Figs. 14A-14C. Figs.
5A-5C and 9A-9C DO NOT illustrate the final structure of a complete semiconductor device.
Referring to 14B of Hieda and the specification, it is clear that element 115 corresponds to the
gate insulating film and element 116 corresponds to the gate electrode (see, also, col. 9, lines 40-
41 and col. 10, lines 38-39 of Hieda). Thus, it is clear that the “buried oxide film 102 and
“semiconductor structure 103” of Heidi DO NOT correspond to a gate insulating film or a gate
electrode, respectively.

More importantly, the gate insulating film 115 of Hieda DOES NOT extend under both
the gate electrode and first insulating sidewalls. As shown in Fig. 14C, the gate insulating film
115 clearly does not extend under the silicon oxide film 106. Thus, at a minimum, Hieda does
not disclose this element of claim 21.

It is further noted that the “semiconductor structure 103” that is asserted as corresponding
to the “gate electrode” of claim 21 is an active region in which source and drains regions 113a
and 113b are formed, and not a gate electrode. The “p-type silicon substrate 101 that is asserted
as corresponding to the “active region in a substrate” of claim 21 is a supporting substrate which

supports a semiconductor structure 103, and not an active region. The “buried oxide film 102”
-3
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that is asserted as corresponding to the “high dielectric constant gate insulating film” of claim 21
is an isolation film to isolate the “semiconductor structure 103” from the “p-type silicon substrate
101,” and not a high dielectric constant gate insulating film.

Thus, for all of the foregoing reasons, it is clear that Hieda does not disclose each of the
elements recited by claim 21.

Moreover, even assuming that it was proper to rely on Figs. SA-5C of Hieda to formulate
the pending rejection (which it clearly is not), first, it is again noted that the pending rejection
addresses the thickness of the gate insulating film 102 located under the alleged sidewall 106
relative to thickness of the gate insulating film 102 under gate electrode 103. Importantly,
however, claim 21 does not recite any limitations directed to the thickness of the gate insulating
film.

Second, the “1st end” of Heidi identified in page S of the Office Action clearly does not
correspond to the recited “end of the gate insulating film”. More specifically, the change in
thickness of the gate insulating film cannot be considered “an end” of the gate insulating
film. Indeed, even if it were considered an “end”, the change in thickness occurs inside of
the insulating sidewall 106. In other words, the portion having a change of thickness in the
gate insulating film 102 in Heidi does not occur under the end of the insulating sidewall.
Thus, such an interpretation of Heidi still does not result in a device in which the high
dielectric constant gate insulating film 102 extends under both the gate electrode 103 and
the first insulating sidewalls 106.

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
-4 -
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skill in the art. Helifix Ltd. v. Blok-Lok, Ltd., 208 F.3d 1339, 54 USPQ2d 1299 (Fed. Cir. 2000),
Electro Medical Systems S.A. v. Cooper Life Sciences, Inc., 34 F.3d 1048, 32 USPQ2d 1017
(Fed. Cir. 1994).

For all of the foregoing reasons, it is clear that Heidi does not disclose or suggest each of

the elements recited by claim 21, and therefore does not anticipate claim 21.

III. 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.
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IV. Summary

Applicants submit that all of the claims are now in condition for allowance, an indication
of which is respectfully solicited.

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

Respectﬁ&lgly submitted,

MCDE NMOTT WILL & EMERY LLP

Registration No. 36,139

600 13" Street, N.W. Please recogmze our Customer No. 53080
Washington, DC 20005-3096 as our §0rg’espondence address.
Phone: 202.756.8000 MEF: S

Facsimile: 202.756.8087
Date: March 27,2012

DM _US 32838700-1.085393.0499
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Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. db. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

Date

Authorized Signature

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
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 toa{ge Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,El)’.O.
Box 1450, Alexand%ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013.
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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. I
13/037.831 03/01/2011 Junji HIRASE 085393-0499 7641
53080 7590 04/13/2012 | EXAMINER |
MCDERMOTT WILL & EMERY LLP LUU, CHUONG A
600 13TH STREET, NW
WASHINGTON, DC 20005-3096 [ arroam PAPERNUVEER |

2898

DATE MAILED: 04/13/2012

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 3 of 3
PTOL-85 (Rev. 02/11)
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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.

Page 224 of 245

UMC 1002
UMC v. AICP



Application No. Applicant(s)

. . 13/037,831 HIRASE ET AL.
Notice of Allowablllty Examiner Art Unit
CHUONG LUU 2898

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 3/27/2012.

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. X The allowed claim(s) is/are 21-42.
4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a) Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. IX] Certified copies of the priority documents have been received in Application No. 12/505.799 .

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

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

5. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date ____.
(b) OJ 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 humber (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).

7. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [{ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date 1/6/2012
4. [] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other )
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120403
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Application/Control Number: 13/037,831 Page 2
Art Unit: 2898

DETAILED ACTION
Terminal Disclaimer

The terminal disclaimer filed on November 17, 2011 disclaiming the
terminal portion of any patent granted on this application which would extend
beyond the expiration date of the US Patent Number 7,923,764 has been
reviewed and is accepted. The terminal disclaimer has been recorded.

The assignment document filed on November 17, 2011 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 21-42 are allowed.

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

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

"Comments on Statement of Reasons for Allowance.”
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Application/Control Number: 13/037,831
Art Unit: 2898

Conclusion

Any inquiry concerning this communication or earlier communications from
the examiner should be directed to CHUONG 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 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 3, 2012
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IN THE SPECIFICATION:

1) Please amend the Title of the Invention as follows:

SEMICONDUCTOR DEVICE

2) Please insert the following new paragraph after the Title and before the “BACKGROUND

It is OK to enter,

-- RELATED APPLICATIONS vase3/2012

OF THE INVENTION”:

This application is a Divisional of U.S. Patent Application No. 12/505,799, filed on July
20, 2009, which is a Divisional of U.S. Patent 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 incorporated by

reference. --
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Search Notes

Application/Control No.

Applicant(s)/Patent under
Reexamination

13/037,831 HIRASE ET AL.
Examiner Art Unit
CHUONG LUU 2898

SEARCH NOTES

(INCLUDING SEARCH STRATEGY)

DATE EXMR
Please see the attachment. 8/17/2011 CAL
Please see the attachment including
East Search (US-PGPUB; USPAT;
USOCR; EPO; JPO; DERWENT; 4/3/2012 CAL
IBM_TDB)
257/629.132, €29.133, €29.137, 4/3/2012 CAL

©29.138, €29.162, €29.165).ccls.

SEARCHED
Class Subclass Date Examiner
257 295 8/17/2011 CAL
Update Searched 11/29/2011 CAL
Update Searched 4/3/2012 CAL
310
257 296 4/3/2012 CAL
324
410
257 411 4/3/2012 CAL
368
392
257 393 4/3/2012 CAL
395
369
257 389 4/3/2012 CAL
405
257 406 4/3/2012 CAL
INTERFERENCE SEARCHED
Class Subclass Date Examiner
PG PUB TEXT
. SEARCH, See 4/3/2012 CAL
interference search
printout.
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1/6/2012 SHEET 1 OF 1

ATTY. DOCKET NO. SERIAL NO.
INFORMATION DISCLOSURE 085393-0499 13/037,831
APPLICANT
Junji HIRASE, et al.
(Substitute for form 1449/PTO) FILING DATE GROUP
March 01, 2011 2892
U.S. PATENT DOCUMENTS
EXAMINER'S CITE Document Number Publication Date Name of Patentee or Applicant of Cited Pages, Columns, Lines, Where
INITIALS NO. Number-Kind Codez i known MM-DD-YYYY Document Relevant Passages or Relevant
Figures Appear
i~ us 2004/0227185 11-18-2004 MATSUMOTO et al. Corresponds to
fC.L. JP 2004-241755
us
us
us
us
us
us
us
us
us
us
us
us
us
FOREIGN PATENT DOCUMENTS
EXAMINER'S Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines Transiation
INITIALS CITE Country Codes-Number 4-Kind MM-DD-YYYY Applicant of Cited Document Where Relevant
NO. Codes (if known) Figures Appear Yes No
Nt JP 2003-258241 09-12-2003 X
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
EXAMINER'S Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
INITIALS CITE | journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where
NO. published.
EXAMINER DATE CONSIDERED
/Chuong Luw/ 04/03/2012

*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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WASHINGTON, DC 20005-3096

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

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

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

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

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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