CERTIFICATE OF TRANSLATION ACCURACY

August 12, 2025

I, Xin Min Liu hereby declares the following under penalty of perjury:

1. | am a professional translator with Chinese as a native language and English as an
acquired language. I am over 18 years of age, of sound mind, and competent to make this affidavit. The
facts set out in the foregoing affidavit are based on my personal knowledge.

2. I am fluent in both Chinese and English. My qualifications include: | graduated from the
United Nations Translators and Interpreters Training Program in 1993; served as a translator with the
United Nations Chinese Translation Service from 1984 to 1989; was conferred a Juris Doctor’s degree
by the University of Cincinnati College of Law in 1993; and worked as a freelance translator with major
law firms, the United States Department of Justice, the US Department of State and other clients around

the United States since 1993.

3. I 'am familiar and competent with both the Chinese and English languages. I have
received the following Chinese-language documents and provided English-language translations:

 Excerpts of CN 2006100938722 - PH ¥4 pd f

4. The Chinese-language and English-language versions of these documents are submitted
as TSMC-1156.

) I hergby certify that the above-referenced English translations are complete and accurate
renditions of the Chinese originals to the best of my knowledge and belief.

) dgclarc under penalty of perjury under the laws of the United States of America that the
foregoing is true and correct.

Executed on August 12, 2025 in Fishers, Indiana.

[ b

Xin Min Liu
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Claims

1. A semiconductor device, characterized in that:
it comprises: a high dielectric constant gate insulating film formed on the active region of the substrate,
a gate electrode formed on the high dielectric constant gate insulating film, and
an insulating sidewall formed on a side surface of the gate electrode;
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the insulating side wall;
at least a portion of the thickness of a region below the insulating sidewall in the high dielectric constant
gate insulating film is smaller than the thickness of a region below the gate electrode in the high dielectric
constant gate insulating film.
2. The semiconductor device according to claim 1, wherein:
the insulating sidewall i1s composed of a first insulating sidewall and a second insulating sidewall, wherein
the first insulating sidewall is formed on the side surface of the gate electrode, and the second insulating
sidewall is formed on the side surface of the gate electrode with the first insulating sidewall sandwiched
therebetween,;
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the first insulating side wall; and
the thickness of a region below the first insulating sidewall in the high dielectric constant gate insulating
film is smaller than the thickness of a region below the gate electrode in the high dielectric constant gate
insulating film.
3. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is not formed below the second insulating sidewall.
4. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is continuously formed to the lower side of the second
insulating side wall; and
the thickness of a region below the second insulating side wall in the high dielectric constant gate insulating
film is equal to the thickness of a region below the first insulating side wall in the high dielectric constant gate
insulating film.
5. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is formed continuously from the lower side of the gate
electrode to the lower side of the second insulating side wall; and
the thickness of a region below the second insulating sidewall in the high dielectric constant gate insulating
film is smaller than the thickness of a region below the first insulating sidewall in the high dielectric constant
gate insulating film.
6. The semiconductor device according to claim 1, wherein:
the insulating sidewall is composed of a first insulating sidewall and a second insulating sidewall, wherein
the first insulating sidewall is formed on a side surface of the gate electrode, and the second insulating sidewall
is formed on a side surface of the gate electrode with the first insulating sidewall sandwiched therebetween,;
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the second insulating side wall;
the thickness of a region below the first insulating sidewall in the high constant gate insulating film is equal
to the thickness of a region below the gate electrode in the high constant gate insulating film; and
the thickness of a region below the second insulating sidewall in the high dielectric constant gate insulating
film is smaller than the thickness of the region below the gate electrode in the high dielectric constant gate
insulating film.
7. The semiconductor device according to claim 1, wherein:
a notch is provided at a side end portion of the high dielectric constant gate insulating film.
8. The semiconductor device according to claim 1, wherein:
a buffer insulating film is provided between the substrate and the high dielectric constant gate insulating film.
9. The semiconductor device according to claim 8, wherein:
a buffer insulating film is a silicon oxide film or a silicon oxynitride film.
10. The semiconductor device according to claim 1, wherein:
a gate electrode is a fully silicided gate electrode in which the entire region is silicided.

Page 2 of 61



11. A method for manufacturing a semiconductor device, characterized in that:
the method comprises: step a, forming a high dielectric constant gate insulating film on the active region of
the substrate;
step b, forming a gate electrode on the high dielectric constant gate insulating film;
step c, after step b, etching a portion of the high dielectric constant gate insulating film located outside the
gate electrode to reduce the thickness of the portion; and
step d: after step ¢, forming an insulating sidewall on the side surface of the gate electrode.
12. The method for manufacturing a semiconductor device according to claim 11, characterized in that:
after the step d, the method further comprises the process of partially removing the gate insulating film.
13. The method for manufacturing a semiconductor device according to claim 1, wherein:
the insulating sidewall is composed of a first insulating sidewall and a second insulating sidewall;
the above-mentioned step d includes step d1 and step d2. In the step d1, the above-mentioned first insulating
side wall is formed on the side of the above-mentioned gate electrode; in the step d2, the above-mentioned
second insulating side wall is formed on the side of the above-mentioned gate electrode by sandwiching the
above-mentioned first insulating side wall.
14. The method for manufacturing a semiconductor device according to claim 13, wherein:
between the step d1 and the step d2, a step of removing a portion of the high dielectric constant gate
insulating film located outside the first insulating sidewall is further included.
15. The method for manufacturing a semiconductor device according to claim 13, wherein:
the steps d1 and d2, a step of etching a portion of the high dielectric constant gate insulating film located
outside the first insulating sidewall to make the portion thinner is included;
after the step d2, the method further includes removing a portion of the high dielectric constant gate
insulating film located outside the second insulating sidewall.
16. The method for manufacturing a semiconductor device according to any one of claims 12, 14 or 15,
wherein:
the high dielectric constant gate insulating film is selectively removed by wet etching.
17. The method for manufacturing a semiconductor device according to claim 11, wherein:
the step b includes forming a protective film covering the upper surface of the gate electrode; and
after the step d, the method further includes removing the protective film after siliciding the surface of the
active region located outside the insulating sidewall, and then siliciding the entire gate electrode.
18. The method for manufacturing a semiconductor device according to claim 11, further comprising:
forming a buffer insulating film on the active region before step a;
wherein in 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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‘*p China National Intellectual Property Administration

Postal Code JO0083 Date of issue
Zhongke Patent and Trademark Agency Co., | August 25, 2006
Ltd.
25th Floor, Building B, Tsinghua Tongfang
Technology Building, No. 1 Wangzhuang Road,
Haidian District, Beijing
Wang Huimin

Applicati 22 1 22
pplication number: 20061009387 O O

Applicant: Panasonic Corporation

Invention Title: Semiconductor device and manufacturing method thereof

Notification of Passing Preliminary Examination of the Application for Invention

1. The above patent application has been preliminarily examined and found to be in compliance with the
provisions of the Patent Law and its Implementing Regulations.

2. According to the provisions of Article 34 of the Patent Law, the above-mentioned patent application
will be published eighteen months from the date of application.

The invention patent application that passed the preliminary examination is based on:

The specification filed on June 20, 2006: pages 1 to 24;

The claims filed on June 20, 2006: pages 1 to 3; and

The accompanying drawings attached to the specification filed on June 20, 2006: page 1 to 11.

Reminder:

The applicant for an invention patent may, within three years from the date of application, request
substantive examination and pay the examination fee at the same time. If the applicant fails to request
substantive examination or pay the examination fee within the prescribed time limit, the application shall be
deemed withdrawn.

Examiner: Bi Chunsheng Examination department: Preliminary Review and Process Management
Department
August 16, 2006

21223 "I""“Il |I|||| ||| Please send reply to: 100088 No. 6, Xitucheng Road, Jimengiao,
2002.8 Haidian District, Beijing
Attention: China National Intellectual Property Administration
(Note: Any letter sent personally to the examiner shall have no
legal effect)
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China National Intellectual Property Administration

Postal Code 100083 Date of issue
Zhongke Patent and Trademark Agency Co., | February 16, 2007
Ltd.
25th Floor, Building B, Tsinghua Tongfang
Technology Building, No. 1 Wangzhuang Road,
Haidian District, Beijing
Wang Huimin

Application number: 2006100938722 B O T

Applicant: Panasonic Corporation

Invention Title: Semiconductor device and
manufacturing method thereof

Notice of Publication of Invention Patent Application
The above patent application has been found to be in compliance with the relevant provisions of the Patent
Law and its Implementing Rules after preliminary examination. In accordance with Article 34 of the Patent
Law, the application has been published in the Invention Patent Gazette, Volume 23, Issue 06.

Note: A copy of the published specification is attached.
Reminder:

The applicant for an invention patent may, within three years from the date of application, request
substantive examination and pay the examination fee at the same time. If the applicant fails to request
substantive examination or pay the examination fee within the prescribed time limit, the application shall be
deemed withdrawn.

According to the provisions of Article 91 of the Implementing Regulations of the Patent Law,
anyone who pays various fees to the Patent Administration must indicate the correct application number
or patent number and the name of the fee. Failure to indicate such information will be deemed as failure
to complete the payment procedures.

Examiner: Jin Li Examination department: Preliminary Review and Process Management Department
February 8, 2007

;(1)(2);78 ‘I"”“HI‘”"|||||||||||I|| gle%s‘e seIr)ld reply };0:‘ }00088 No. 6, Xitucheng Road, Jimengqiao,
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A?tler?ir(l)n: lsCrliicna I\?alljtlilcl)ial Intellectual Property Administration
(Note: Any letter sent personally to the examiner shall have no
legal effect)
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Electronic scan 7 20060805

Substantive examination request
Please fill in each column of this form correctly according to the "Notes on Filling in the Form" on the back of
this form [1A063392

@ Patent Application No. 200610093872.2
application Application date: June 20, 2006
Name of invention
Semiconductor device and method for manufacturing the same
Applicant (representative)
Panasonic Corporation

@Content of the request
According to the provisions of Article 35 of the Patent Law, we request a substantive examination
of the above patent application.

® List of attachments
O Reference documents related to the present invention before the filing date
O Information retrieved by foreign countries regarding the application

O Information on the foreign country’s review results of the application
O [Bar code: 061938722]

@ Remarks

Reference documents are required to be listed in the copy the Patent Administration

Currently, we have not received any foreign search data or examination results for this
application

O Currently, no reference document materials related to the present invention have been received
before the filing date

OO The International Searching Authority for this international application is JP/EP/SE

® Replacement pages for the application document
2 copies of the claims, a total of 6 pages

® Seal of applicant or agency @Patent administration handling opinion
[seal: CHINA SCIENCE PATENT &
TRADEMARK AGENT LTD]
August 5, 2008

[Handwritten: 11103]
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1A063392 —Amended Electronic scan 7

Claims

1. A semiconductor device, characterized in that:
the invention comprises: a high dielectric constant gate insulating film formed on the active region of the
substrate,
a gate electrode formed on the high dielectric constant gate insulating film, and
insulating sidewalls formed on the side surfaces of the gate electrode;
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the insulating side wall;
the thickness of at least a portion of a lower region of the insulating sidewall in the high constant gate
insulating film is smaller than the thickness of a lower region of the gate electrode in the high constant gate
insulating film.
2. The semiconductor device according to claim 1, wherein:
the insulating sidewalls are composed of a first insulating sidewall and a second insulating sidewall, wherein
the first insulating sidewall is formed on a side surface of the gate electrode, and the second insulating sidewall
is formed on a side surface of the gate electrode with the first insulating sidewall sandwiched therebetween.
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the first insulating side wall;
the thickness of a lower region of the first insulating sidewall in the high dielectric constant gate insulating
film is smaller than the thickness of a lower region of the gate electrode in the high dielectric constant gate
insulating film.
3. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is not formed on the lower side of the second insulating
sidewall.
4. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is continuously formed to the lower side of the second
insulating side wall;
the thickness of the second insulating sidewall in the high dielectric constant gate insulating film is equal to
the thickness of the lower region of the first insulating sidewall in the high dielectric constant gate insulating
film.
5. The semiconductor device according to claim 2, wherein:
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the second insulating side wall; and
the thickness of a lower region of the second insulating sidewall in the high dielectric constant gate
insulating film is smaller than the thickness of a lower region of the first insulating sidewall in the high
dielectric constant gate insulating film.
6. The semiconductor device according to claim 1, wherein:
the insulating sidewalls are composed of a first insulating sidewall and a second insulating sidewall, wherein
the first insulating sidewall is formed on a side surface of the gate electrode, and the second insulating sidewall
is formed on a side surface of the gate electrode with the first insulating sidewall sandwiched therebetween,;
the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the second insulating side wall;
the thickness of the first insulating sidewall in the high constant gate insulating film is equal to the thickness
of the lower region of the gate electrode in the high constant gate insulating film; and
the thickness of the second insulating sidewall in the high dielectric constant gate insulating film is smaller
than the thickness of a lower region of the gate electrode in the high dielectric constant gate insulating film.
7. The semiconductor device according to claim 1, wherein:
a notch is provided at a side end portion of the high dielectric constant gate insulating film.
8. The semiconductor device according to claim 1, wherein:
a buffer insulating film is provided between the substrate and the high dielectric constant gate insulating film.
9. The semiconductor device according to claim 8, wherein:
the buffer insulating film is a silicon oxide film or a silicon oxynitride film.
10. The semiconductor device according to claim 1, wherein:
the gate electrode is a fully silicided gate electrode in which the entire region has undergone solicidation.
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11. A method for manufacturing a semiconductor device, characterized in that:

the method comprises: step a, forming a high dielectric constant gate insulating film on the active region of
the substrate;

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

step c, after step b, etching a portion of the high dielectric constant gate insulating film located outside the
gate electrode to reduce the thickness of the portion; and

step d, after step c, forming insulating sidewalls on the side surfaces of the gate electrode.

12. The method for manufacturing a semiconductor device according to claim 11, wherein:

after the step d, the method further includes removing a portion of the high -dielectric constant gate
insulating film located outside the insulating sidewall.

13. The method for manufacturing a semiconductor device according to claim 11, wherein:

the insulating sidewall is composed of a first insulating sidewall and a second insulating sidewall;

the above-mentioned step d includes step d1 and step d2. In the step d1, the above-mentioned first insulating
side wall is formed on the side of the above-mentioned gate electrode. In the step d2, the above-mentioned
second insulating side wall is formed on the side of the above-mentioned gate electrode by sandwiching the
above-mentioned first insulating side wall.

14. The method for manufacturing a semiconductor device according to claim 13, wherein:

the step d1 and the step d2, a step of removing a portion of the high dielectric constant gate insulating film
located outside the first insulating sidewall is further included.

15. The method for manufacturing a semiconductor device according to claim 13, wherein:

the steps d1 and d2, a step of etching a portion of the high dielectric constant gate insulating film located
outside the first insulating sidewall to make the portion thinner is included;

after the step d2, the method further includes removing a portion of the high dielectric constant gate
insulating film located outside the second insulating sidewall.

16. The method for manufacturing a semiconductor device according to any one of claims 12, 14 or 15,
wherein:

the high dielectric constant gate insulating film is selectively removed by wet etching.

17. The method for manufacturing a semiconductor device according to claim 11, wherein:

step b includes forming a protective film covering the upper surface of said gate electrode; and after

said step d, the method further includes removing said protective film after silicideing the surface of said
active region outside said insulating sidewall, and then silicideing the entire gate electrode.

18. The method for manufacturing a semiconductor device according to claim 11, further comprising:

before step a), forming a buffer insulating film on the active region;

wherein in 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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**p China National Intellectual Property Administration

Postal Code 100083 Date of issue
Zhongke Patent and Trademark Agency Co., | August 22, 2008
Ltd.
25th Floor, Building B, Tsinghua Tongfang
Technology Building, No. 1 Wangzhuang Road,
Haidian District, Beijing
Wang Huimin

Applicati 22 1 22 i
pplication number: 20061009387 00 O

Applicant: Panasonic Corporation

Invention Title: Semiconductor device and manufacturing method thereof

Notice of Invention Patent Application Entering Substantive Examination Procedure
Regarding the above patent application, according to the substantive examination request filed by the
applicant, after examination, it was found to be in compliance with the provisions of Article 35 of the Patent
Law and Article 90 of the Implementing Regulations, and the patent application has entered the substantive
examination procedure.

Reminder:

1. From the date of issuance of this notice, the application will enter the substantive application procedure.
From then on, when the patent applicant submits various patent documents to the Patent Administration, the
substantive examination procedure should be indicated on the documents.

2. In accordance with the provisions of Paragraph 1 of Article 51 of the Implementing Regulations of the
Patent Law, an invention patent applicant may, within three months from the date of receipt of this notice
issued by the Patent Administration, proactively propose amendments to the invention patent application.

3 Payments made by postal remittance should be made to: Recipient Name: State Intellectual Property
Administration fee acceptance section, Merchant Customer Number: 110000860. Payments made by bank
remittance should be made to: State Intellectual Property Administration of the People's Republic of China,
Bank of deposit: Industrial and Commercial Bank of China, Beijing Beitaipingzhuang Branch, Account
Number: 0200010009014400518. Please accurately indicate the application number, fee name, and itemized
amount when making a remittance. Failure to specify the application number and/or fee name when making a
payment will be deemed as incomplete payment.

Examiner: Liang Fang Examination department: Preliminary Review and Process Management
Department
August 14, 2008

21231 Please send reply to: 100088 No. 6, Xitucheng Road, Jimengiao,

2002.s ML Haidian Distrint. Beijing
Attention: China National Intellectual Property Administration
(Note: Any letter sent personally to the examiner shall have no
legal effect)
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'p China National Intellectual Property Administration

Postal Code 100083 Date of issue
Zhongke Patent and Trademark Agency Co., | March 20, 2009
Ltd.
25th Floor, Building B, Tsinghua Tongfang
Technology Building, No. 1 Wangzhuang Road,
Haidian District, Beijing
Wang Huimin

Application number: 2006100938722 AT

Applicant: Panasonic Corporation

Invention Title: Semiconductor device and manufacturing method thereof

Notice of First Examination Opinion
1. M In response to the applicant's request for substantive examination, in accordance with the provisions of
Paragraph 1 of Article 35 the Patent Law, the State Intellectual Property Administration conducted A
substantive examination of the above-mentioned invention patent application.

O In accordance with the provisions of Paragraph 2 of Article 35 of the Patent Law, the State Intellectual
Property Administration has decided to examine the above-mentioned invention patent application on its own.
2. M The applicant requested that its:

JP Patent Office application date of August 5, 2005 be the priority date,
Patent Office application date of MM Y'Y DD be the priority date,
Patent Office application date of MM Y'Y DD be the priority date,

M The applicant in the country has submitted a copy of the first-filed prior application document certified by
the receiving authority of the original application country.

[0 The applicant has not submitted a copy of the first application document certified by the receiving authority
of the original application country, and it is deemed that no priority has been claimed in accordance with the
provisions of Article 30 of the Patent Law.

3. M The applicant submitted the amendment documents on August 5, 2008, and on MM DD Y.

After review, documents submitted by the applicant on MM DD Y'Y do not comply with the requirements of
the Paragraph 1 of Article 51 of the Implementing Regulations of the Patent Law.

O
4. Application documents subject to review:

O Original application documents. ¥ The examination is for the following application documents:

Claim __ of the claims in the original application documents, page 1 to 2, 5 to 24 of the specification and page
1 to 11 of the accompanying drawings submitted on the application date;

Claim __ , page  ofthe specification and page _ of the accompanying drawings submitted on the date of
submission of the separate application;

Claims 1 to 18, page  and accompanying drawings page __ submitted on August 5, 2008;

Claims __ , pages _ ofthe specification and pages __ of the accompanying drawings submitted on MM DD
YY;

Claims __ , pages _ ofthe specification and pages __ of the accompanying drawings submitted on MM DD
YY

Abstract of the specification submitted on the date of application and accompanying drawings of the abstract
submitted on the date of application.

21301 “I”I“ II“"""‘I Please send reply to: 100088 No. 6, Xitucheng Road, Jimengqiao,
2006.7 Haidian District, Beijing
Attention: China National Intellectual Property Administration
(Note: Any letter sent personally to the examiner shall have no
legal effect)
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Application number: 2006100938722

5. O This notice was issued without conducting a search.
MThe national notice is issued after a search has been conducted.
M The following reference documents (their numbers will continue to be used in future examinations):

No. Documents name or number Publication date (or filing date of
conflict application)

1 JP Patent No. 2005-64190A March 10, 2005

2 CN1610129A April 27,2005

3 JP Patent No. 2004-356576A December 16, 2004

6. Conclusive observations of the review:

O Regarding the specification:

O The content of the application falls within the scope of non-patentability stipulated in Article 5 of the

Patent Law.

O The specification does not comply with the provisions of Paragraph 3 Article 26 of the Patent Law.

O The specification does not comply with the requirements of the provisions of Article 33 of the Patent Law.

O Preparation of the specification does not comply with the provisions of Article18 of the Implementing
Regulations of the Patent Law.

O
M Regarding the claims:

M Claims 1, 11 — 12 do not possess the novelty required by Paragraph 32of Article 22 of the Patent Law.

M Claims 2-4, 7-10, 13-14, and 16-18 do not possess the inventive step required by Paragraph 3 of Article 22
the Patent Law.

O Claims _ do not have the utility required by Paragraph 4 of Article 22 the Patent Law.

O Claims ___ fall within the scope of non-patentability as stipulated in Article 25 of the Patent Law.

O Claims  do not comply with the provisions of Paragraph 4 of Article 26 of the Patent Law.

O Claims  do not comply with the provisions of Paragraph 1 of Article 31 of the Patent Law.

O Claims  do not comply with the provisions of Article 33 of the Patent Law.

O Claims  do not comply with the provisions of Paragraph 1 of Article 2 of the Implementing
Regulations of the Patent Law.

O Claims  do not comply with the provisions of Paragraph 1 of Article 130f the Implementing

Regulations of the Patent Law.

M Claim 16 does not comply with the provisions of Article 20 of the Implementing Regulations of the Patent
Law.

O Claims ___ do not comply with the provisions of Article 21 of the Implementing Regulations of the
Patent Law.

O Claims ___ do not comply with the provisions of Article 22 of the Implementing Regulations of the
Patent Law.

O Claims __ do not comply with the provisions of Article 23 of the Implementing Regulations of the
Patent Law.

O
O The separate application does not comply with the provisions of Paragraph 1 of Article 43 of the
Implementing Regulations of the Patent Law.
The detailed analysis of the above conclusive opinions can be found in the body text of this notice.
7. Based on the above conclusive opinions, the examiner believes that:
O The applicant should amend the application documents in accordance with the requirements set out in the
body text of the notice.
M The applicant should explain in the statement of opinion the reasons why its patent application can be
granted a patent right and amend the nonconforming part in the body text of the notice, otherwise the patent
right will not be granted.
O The patent application does not contain substantial content that can be granted a patent right, and the
applicant has failed to state the reasons or the reasons stated are insufficient. The application will be rejected.
O
8. Applicants should note the following:
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(1) In accordance with the provisions of Article 37 of the Patent Law, the applicant shall state its opinion within
six months from the date of receipt of this notice. If the applicant fails to respond within the time limit without
justifiable reasons, its application shall be deemed to be withdrawn.

(2) The applicant's amendment to its application shall comply with the provisions of Article 33 of the Patent
Law. The amendment text shall be made in duplicate copies and its format shall comply with the relevant
provisions of the Examination Guidelines.

(3) The applicant’s statement of opinion and/or amended text should be mailed or submitted to the Acceptance
Office of the State Intellectual Property Administration. Any document not mailed or submitted to the
Acceptance Office shall have no legal effect.

(4) Applicants and/or agents may not come to the Patent Administration of the State Intellectual Property
Administration to meet with examiners without an appointment.

9. The body text of this notice consists of S pages, and is accompanied by the following attachments:

M A total of 3 photocopies and 59 pages the reference documents.

Examiner: Shao Ye (974K)

March 6, 2009 Examination department: Examination Cooperation Center
3(1)(3)217 “""" II|”||"||| glaeia;siz zef)l?s :r&al]zi?/ I;(;U} 3;088 No. 6, Xitucheng Road, Jimengiao,

Attention: China National Intellectual Property Administration
(Note: Any letter sent personally to the examiner shall have no
legal effect)
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on a dielectric film; and an insulating sidewall is composed of a first insulating sidewall and a second insulating
sidewall, wherein the first insulating sidewall is formed on the side of the gate electrode, and the second
insulating sidewall is formed on the side of the gate electrode with the first insulating sidewall sandwiched
therebetween. The high dielectric constant gate insulating film is formed continuously from the lower side of
the gate electrode to the lower sides of the first insulating sidewall and the second insulating sidewall. The
thickness of the lower region of the first insulating sidewall in the high dielectric constant gate insulating film is
smaller than the thickness of the lower region of the gate electrode in the high dielectric constant gate insulating
film. The thickness of the lower region of the second insulating sidewall in the high dielectric constant gate
insulating film is smaller than the thickness of the lower region of the first insulating sidewall in the high
dielectric constant gate insulating film.

In the semiconductor device of the present invention, the insulating sidewalls are composed of a first
insulating sidewall and a second insulating sidewall. The first insulating sidewall is formed on the side of the
gate electrode, and the second insulating sidewall is formed on the side of the gate electrode, sandwiching the
first insulating sidewall. The high constant gate insulating film is formed continuously from the lower side of
the gate electrode to the lower side of the first insulating sidewall. The thickness of the high constant gate
insulating film below the first insulating sidewall may be smaller than the thickness of the high constant gate
insulating film below the gate electrode.

When the insulating sidewall is composed of the first insulating sidewall and the second insulating sidewall,
the high dielectric constant gate insulating film may not be formed on the lower side of the second insulating
sidewall.

When the insulating sidewalls are composed of the first insulating sidewalls and the second insulating
sidewalls, the high constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower side of the second insulating sidewall. The thickness of the lower region of the second
insulating sidewall in the high constant gate insulating film may be equal to the thickness of the lower region of
the first insulating sidewall in the high constant gate insulating film.

When the insulating sidewalls are composed of the first insulating sidewalls and the second insulating
sidewalls, the high constant gate insulating film is formed continuously from the lower side of the gate
electrode to the lower side of the second insulating sidewalls. The thickness of the lower region of the second
insulating sidewall in the high constant gate insulating film may be smaller than the thickness of the lower
region of the first insulating sidewall in the high constant gate insulating film.

In the semiconductor device of the present invention, the insulating sidewall is composed of a first insulating
sidewall and a second insulating sidewall, the first insulating sidewall is formed on the side of the gate
electrode, and the second insulating sidewall is formed on the side of the gate electrode sandwiching the first
insulating sidewall. The high dielectric constant gate insulating film is formed continuously from the lower side
of the gate electrode to the lower side of the second insulating sidewall. The thickness of the lower region of the
first insulating sidewall in the high dielectric constant gate insulating film is equal to the thickness of the lower
region of the gate electrode in the high dielectric constant gate insulating film. The lower region of the second
insulating sidewall in the high dielectric constant gate insulating film is equal to the thickness of the lower
region of the gate electrode in the high dielectric constant gate insulating film. The thickness of the side region
may be smaller than the thickness of the lower region of the gate electrode in the high dielectric constant gate
insulating film.

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

In the semiconductor device of the present invention, a buffer insulating film may be provided between the
substrate and the high dielectric constant gate insulating film. In this case, the buffer insulating film may be a
silicon oxide film or a silicon oxynitride thin film.

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

The method for manufacturing a semiconductor device according to the present invention comprises: step a,
forming a high dielectric constant gate insulating film on an active region of a substrate; step b, forming a gate
electrode on the high dielectric constant gate insulating film; step c, after step b, etching a portion of the high
dielectric constant gate insulating film located outside the gate electrode to reduce the thickness of the portion;
and step d, after step c, forming insulating sidewalls on the side surfaces of the gate electrode. The above-
mentioned insulating side wall is composed of a first insulating side wall and a second insulating side wall; the
above-mentioned step d includes a step d1 and a step d2, in which the above-mentioned first insulating side

Page 13 of 61



wall is formed on the side of the above-mentioned gate electrode, and in the above-mentioned step d2, the
above-mentioned second insulating side wall is formed on the side of the above-mentioned gate electrode with
the above-mentioned first insulating side wall sandwiched therebetween. Between the above-mentioned step d1
and the above-mentioned step d2, the process includes etching the portion of the above-mentioned high
dielectric constant gate insulating film located outside the above-mentioned first insulating side wall to make
the portion thinner; after the above-mentioned step d2, the process also includes removing the portion of the
above-mentioned high dielectric constant gate insulating film located outside the above-mentioned second
insulating side wall.

The method for manufacturing a semiconductor device of the present invention may further include, after
step d, a step of removing a portion of the high dielectric constant gate insulating film located outside the
insulating sidewall.

In the semiconductor device manufacturing method of the present invention, the insulating sidewalls are
composed of first and second insulating sidewalls. Step d includes step d1, in which the first insulating
sidewalls are formed on the side surfaces of the gate electrode, and step d2, in which the second insulating
sidewalls are formed on the side surfaces of the gate electrode with the first insulating sidewalls interposed
therebetween.

When the step d includes the step d1 and the step d2, it may further include a step of removing a portion of
the high dielectric constant gate insulating film located outside the first insulating side wall between the step d1
and the step d2.

When the step d includes the step d1 and the step d2, the step d1 and the step d2 include etching the portion
of the high dielectric constant gate insulating film located outside the first insulating sidewall to make the
portion thinner. After the step d2,
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Claims

1. A semiconductor device, characterized in that:

the invention comprises: a high dielectric constant gate insulating film formed on the active region of the
substrate,

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

an insulating sidewall comprising a first insulating sidewall and a second insulating sidewall, wherein the
first insulating sidewall is formed on a side surface of the gate electrode, and the second insulating sidewall is
formed on a side surface of the gate electrode with the first insulating sidewall sandwiched therebetween;

the high dielectric constant gate insulating film is continuously formed from the lower side of the gate
electrode to the lower sides of the first insulating side wall and the second insulating side wall;

the thickness of first insulating sidewall in the high dielectric constant gate insulating film is smaller than the
thickness of the lower region of the gate electrode in the high dielectric constant gate insulating film; and

the thickness of a lower region of the second insulating sidewall in the high dielectric constant gate
insulating film is smaller than the thickness of a lower region of the first insulating sidewall in the high
dielectric constant gate insulating film.
2. The semiconductor device according to claim 1, wherein:

a notch is provided at a side end portion of the high dielectric constant gate insulating film.
3. The semiconductor device according to claim 1 or 2, wherein:

a buffer insulating film is provided between the substrate and the high dielectric constant gate insulating film.
4. The semiconductor device according to claim 3, wherein:

the buffer insulating film is a silicon oxide film or a silicon oxynitride film.
5. The semiconductor device according to claim 1, wherein:

the gate electrode is a fully silicided gate electrode in which the entire region has undergone solicidation.
6. A method for manufacturing a semiconductor device, characterized in that:

the method comprises: step a, forming a high dielectric constant gate insulating film on the active region of
the substrate;

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

step c, after step b, etching a portion of the high dielectric constant gate insulating film located outside the
gate electrode to reduce the thickness of the portion; and

step d, after step c, forming insulating sidewalls on the side of the gate electrode,

the insulating side wall is composed of a first insulating side wall and a second insulating side wall;

the step d includes a step d1 and a step d2. In the step d1, the first insulating sidewall is formed on the side
of the gate electrode. In the step d2, the second insulating sidewall is formed on the side of the gate electrode
with the first insulating sidewall interposed therebetween,

the steps d1 and d2, a step of etching a portion of the high dielectric constant gate insulating film located
outside the first insulating sidewall to make the portion thinner is included; and

the above step d2, the method further includes removing a portion of the high dielectric constant gate
insulating film located outside the second insulating side wall.
7. The method for manufacturing a semiconductor device according to claim 6, wherein:

the high dielectric constant gate insulating film is selectively removed by wet etching.
8. The method for manufacturing a semiconductor device according to claim 6, wherein:

the step b includes forming a protective film covering the upper surface of the gate electrode; and

after the step d, the method further includes removing the protective film after silicideing the surface of the
active region located outside the insulating sidewall, and then silicideing the entire gate electrode.
9. The method for manufacturing a semiconductor device according to claim 6, wherein:

the above step a, further comprising the step of forming a buffer insulating film on the active region; and

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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Text of the first examination opinion notice

Application number: 200610093872.2

After review, the specific opinions are as follows:

1. Claim 1 seeks protection for a semiconductor device. Reference document 1 (JP-A-2005-64190A) has
disclosed a semiconductor device and specifically has disclosed the following technical characteristics (see
paragraphs 0076-0083 and Accompanying drawings 22-23 of reference document 1):

HfO2 gate insulating film 5 (equivalent to a high constant gate insulating film) is formed on the active region
of substrate 1;

the gate electrode 6 is formed on the gate insulating film 5.

insulating sidewalls 10 are formed on the sides of the gate electrode 6;

the HfO2 gate insulating film 5 is continuously formed from the lower side of the gate electrode 6 to the
lower side of the insulating side wall 10;

the thickness of at least a portion of the lower region of the insulating sidewall 10 in the HfO2 gate insulating
film 5 is smaller than the thickness of the lower region of the gate electrode 6 in the HfO2 gate insulating film 5.

From here, it can be seen that all the technical characteristics of claim 1 have already been disclosed in D1.
The technical solution claimed in claim 1 is identical to the technical solution disclosed in D1, is in the same
field of semiconductor devices, solves the same technical problems, and is expected to achieve the same effect
of preventing a decrease in the dielectric constant and insulation properties of the high constant gate insulating
film in the gate electrode extreme portion. Therefore, the technical solution claimed in claim 1 does not possess
novelty as provided for in Paragraph 32 of Article 22 of the Patent Law.

2. Claims 2 and 4 directly or indirectly refer to claim 1. It is a common practice in the art that the sidewall
insulating film located on the sidewall of the gate, which is used to isolate the gate and the source and drain, is
composed of two or three layers. On the basis of the technical solution disclosed in Figure 22 of the reference
document 1, for certain practical needs of the process, those skilled in the art can, through conventional means
(such as limited experiments), set the sidewall insulating film 10 in Figure 22 of the reference document 1 into
two sidewall insulating films, that is, they can obtain the additional technical characteristics of claims 2 and 4:
the sidewall insulating film 10 is set to be composed of a first insulating sidewall and a second insulating
sidewall (the third insulating sidewall is replaced by the second insulating sidewall by the HfO2 insulating film
10), the first insulating sidewall is formed on the side of the above-mentioned gate electrode 6, and the second
insulating sidewall is formed on the side of the above-mentioned gate electrode 6 by sandwiching the above-
mentioned first insulating sidewall; at the same time, the HfO2 gate insulating film 5 (equivalent to the high
constant gate insulating film) is continuously formed from the lower side of the gate electrode to the lower side
of the first insulating side wall; the thickness of the lower region of the first insulating side wall of the HfO2
gate insulating film 5 (this thickness is equal to the thickness of the lower region of the insulating side wall 10
in the HfO2 gate insulating film 5) is smaller than the thickness of the lower region of the gate electrode 6 in
the HfO2 gate insulating film 5 (equivalent to the additional technical characteristics of claim 2); the HfO2 gate
insulating film 5 is continuously formed to the lower side of the second insulating side wall; the thickness of the
lower region of the second insulating side wall in the HfO2 gate insulating film 5 is equal to the thickness of the
lower region of the first insulating side wall in the HfO2 gate insulating film 5 (equivalent to the additional
technical characteristics of claim 4).

When claim 1, directly or indirectly cited, lacks novelty, it is obvious to those skilled in the art that the
technical solutions claimed in claims 2 and 4 can be obtained by combining conventional means with reference
document 1 and conventional methods in the art. Therefore, the technical solutions claimed in claims 2 and 4
lack outstanding substantive characteristics and significant advancements, and do not possess the inventive step
required by Paragraph 3 of Article 22 of the Patent Law.

3. Claims 2 and 3 directly or indirectly refer to claim 1. It is a common practice in the art that the sidewall
insulating film located on the sidewall of the gate, which is used to isolate the gate and the source and drain, is
composed of two or three layers. On the basis of the technical solution disclosed in Figure 22 of the reference
document 1, for certain practical needs of the process, those skilled in the art can form another sidewall
insulating film on the sidewall of the insulating sidewall 10 through conventional means (such as limited
experiments), that is, they can obtain the additional technical characteristics of claims 2 and 3: that is, the
insulating sidewall of the semiconductor device is composed of the insulating sidewall 10 (the first insulating
sidewall) and another sidewall insulating film (the second insulating sidewall) located on the first insulating
sidewall, the first insulating sidewall is formed on the side of the above-mentioned gate electrode 6, and the
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second insulating sidewall is formed on the side of the above-mentioned gate electrode 6 by sandwiching the
above-mentioned first insulating sidewall; at the same time, the HfO2 gate insulating film 5 (equivalent to a
high constant gate insulating film) is continuously formed from the lower side of the above-mentioned gate
electrode to the lower side of the above-mentioned first insulating side wall; the thickness of the lower side
region of the above-mentioned first insulating side wall of the above-mentioned HfO2 gate insulating film 5
(the thickness is equal to the thickness of the lower side region of the above-mentioned insulating side wall 10
in the above-mentioned HfO2 gate insulating film 5) is smaller than the thickness of the lower side region of
the above-mentioned gate electrode 6 in the above-mentioned HfO2 gate insulating film 5 (equivalent to the
additional technical characteristics of claim 2); the above-mentioned HfO2 gate insulating film 5 is not formed
on the lower side of the above-mentioned second insulating side wall (equivalent to the additional technical
characteristics of claim 3).

When claim 1, directly or indirectly cited, lacks novelty, it is obvious to those skilled in the art that the
technical solutions claimed in claims 2 and 3 can be obtained by combining conventional means with reference
document 1 and conventional methods in the art. Therefore, the technical solutions claimed in claims 2 and 3
lack outstanding substantive characteristics and significant advancements, and do not possess the inventive step
required by Paragraph 3 of Article 22 of the Patent Law.

4. Claim 7 is a dependent claim of claim 1. Reference document 2 (CN1610129A) has disclosed a
semiconductor device in the technical solution of Figure 2, in which notches 8 and 9 are formed in the
insulating layer 2 to reduce the overlap between the gate 3 and the source and drain 4, 5, so as to achieve the
purpose of reducing parasitic capacitance (see pages 4-7 of the specification, Figure 2). It can be seen that
reference document 2 provides the inspiration for further applying the technical means of setting notches in the
side walls of the gate insulating layer to the technical solution of reference document 1. On the basis of this
inspiration, those skilled in the art will certainly be able to obtain the characteristics of setting notches in the
side ends of the HfO2 gate insulating film 5 (equivalent to the high constant gate insulating film) in reference
document 1. When the cited claim 1 does not have novelty, on the basis of reference document 1, it is obvious
to those skilled in the art to obtain the technical solution claimed in claim 7 by combining the above with
reference document 2. Therefore, the technical solution claimed in claim 7 does not possess outstanding
substantive characteristics or significant advancements, and does not possess the inventive step required by
Paragraph 3 of Article 22 of the Patent Law.

5. Claim 8 is a dependent claim of claim 1. Reference document 3 (JP-A-2004-356576A) has disclosed a
semiconductor device in the technical solution of Figure 1, wherein a buffer insulating film 6 is disposed
between a substrate and a high constant gate insulating film 7. This indicates that the additional technical
characteristics of this claim have already been disclosed in reference document 3, and that these characteristics
serve the same function in reference document 3 as in this application, both preventing degradation of the
interface between the substrate and the gate insulating film. In other words, reference document 3 suggests
applying these characteristics to the technical solution of reference document 1 to further address its technical
problem. When the cited claim 1 lacks novelty, it is obvious to those skilled in the art that the technical solution
claimed in claim 8 can be derived by combining reference document 1 with reference document 3. Therefore,
the technical solution claimed in claim 8 lacks outstanding substantive characteristics and significant
advancements, and does not possess the inventive step required by Paragraph 3 of Article 22.

6. Claim 9 is a dependent claim of claim 8. Its additional technical characteristics have been disclosed in
Reference document 3 (see paragraph 0030): namely, buffer insulating film 6 is a cinnabar oxide film. When
the cited claims lack inventive steps, the technical solution claimed in claim 9 lacks inventive steps as provided
for in Paragraph 3 of Article 22 of the Patent Law.

7. Claim 10 is a dependent claim of claim 1. Forming a metal cinnamate layer on the surface of the source,
drain, and gate to reduce contact resistance is a common practice in the art; that is, this additional technical
characteristic is a common practice in the art. If the cited claim 1 lacks novelty, the technical solution claimed
in claim 10 lacks the inventive step required by Paragraph 3 of Article 22 of the Patent Law.

8. Claim 11 seeks protection for a method for manufacturing a semiconductor device. Reference document 1
(JP-A-2005-64190A) has disclosed a method for manufacturing a semiconductor device and specifically has
disclosed the following technical characteristics (see paragraphs 0076-0083 and accompanying drawings 19-23
of reference document 1): including:

step a: forming a HfO2 gate insulating film 5 (equivalent to a high constant gate insulating film) on the active
region of the substrate 1;

step b, forming a gate electrode 6 on the gate insulating film 5;
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step c, after step b, etching a portion of the gate insulating film 5 located outside the gate electrode 6 to
reduce the thickness of the portion;

step d: After step c, forming insulating sidewalls 10 on the side surfaces of the gate electrode 6.

It can be seen that all the technical characteristics of claim 11 have been disclosed in the reference document
1, and the technical solution claimed is the same as the technical solution disclosed in the reference document 1,
and is in the same field of semiconductor device manufacturing method. The technical problems they solve are
the same, and their expected effects of preventing a decrease in the dielectric constant and insulation properties
of high constant gate insulating films in the gate electrode extremes are the same. Therefore, the technical
solution claimed in claim 11 does not possess the novelty required by Paragraph 2 of Article 22 of the Patent
Law.

9. Claim 12 is a dependent claim of claim 11. Its additional technical characteristics have been disclosed in
Figure 22 of Reference document 1: namely, after step d, it includes a step of removing the portion of HfO2
gate insulating film 5 located outside the insulating sidewall 10. If the cited claim 11 lacks novelty, the
technical solution claimed in claim 12 does not possess novelty as provided for in Paragraph 32 of Article 22 of
the Patent Law.

10. Claims 13-14 directly or indirectly refer to claim 11. It is a common practice in the art that the sidewall
insulating film located on the sidewall of the gate, which is used to isolate the gate and the source and drain, is
composed of two or three layers. On the basis of the technical solution disclosed in Figure 22 of the reference
document 1, for certain practical needs of the process, a person skilled in the art can form another sidewall
insulating film on the sidewall of the insulating sidewall 10 by conventional means (such as a limited number
of experiments), that is, the additional technical characteristics of claim 13 can be obtained: that is, the
insulating sidewall of the semiconductor device is composed of the insulating sidewall 10 (the first insulating
sidewall) and the other sidewall insulating film (the second insulating sidewall) located on the first insulating
sidewall, and the above-mentioned step d of forming the insulating sidewall includes step d1 and step d2. In
step d1, the first insulating sidewall is first formed on the side of the gate electrode 6, and then in step d2, the
above-mentioned second insulating sidewall is formed on the side of the gate electrode 6 by sandwiching the
above -mentioned first insulating sidewall; and the reference document has disclosed in paragraph 0079 that the
insulating sidewall 10 is first etched to form the insulating sidewall. After the first insulating sidewall is formed,
the portion of the HfO2 gate insulating film 5 located outside the insulating sidewall 10 is etched away. A
person skilled in the art can obtain the step d2 (the additional technical characteristics of claim 14) of forming
the second insulating sidewall after the portion of the HfO2 gate insulating film 5 located outside the insulating
sidewall 10 is etched away by conventional means (such as a limited number of experiments).

When claim 11, directly or indirectly cited, lacks novelty, it is obvious to those skilled in the art that the
technical solutions claimed in claims 13-14 can be obtained by combining conventional means with reference
document 1 and conventional methods. Therefore, the technical solutions claimed in claims 13-14 lack
outstanding substantive characteristics and significant advancements, and do not possess the inventive step
required by Paragraph 3 of Article 22 of the Patent Law.

11. Claim 16 refers to claim 12, 14, or 15. Wet etching is a conventional etching method, meaning that this
additional technical characteristic is a customary method in the art. If the reference document claim 12 lacks
novelty or the reference document claim 14 lacks inventive steps, the technical solution claimed in claim 16
lacks inventive steps as defined in Paragraph 3 of Article 22 of the Patent Law.

12. Claim 17 is a dependent claim of claim 11. Part of the additional technical characteristics thereof is "the
above-mentioned step b includes the step of forming a protective film covering the upper surface of the above-
mentioned gate electrode, and after step d, the process of also including the step of halogenating the surface of
the above-mentioned active region located outside the above-mentioned insulating side wall" has been
disclosed in accompanying drawings 19-23 of the reference document 1: that is, the above-mentioned process b
includes the process of forming a protective film 13 covering the upper surface of the above-mentioned gate
electrode 6, and after step d, it also includes the process of halogenating the surface of the above-mentioned
active region located outside the above-mentioned insulating side wall 10; as for the other characteristics of the
additional technical characteristics "removing the protective film, including the process of halogenating the
entire gate electrode", these can be obtained by those skilled in the art through logical reasoning and analysis,
because in order to reduce contact resistance, forming a halogenated layer on the gate is a common means, and
in order to form the halogenated layer, the protective film located on the gate must be removed first.

When the cited claim 11 does not possess novelty, the technical solution sought to be protected by claim 17
does not possess the inventive steps stipulated in Paragraph 3 of Article 22 of the Patent Law.
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13. Claim 18 is a dependent claim of claim 11. Reference document 3 (JP-A-2004-356576A) has disclosed a
method for manufacturing a semiconductor device in the technical solution shown in Figure 1, wherein, before
forming a high constant insulating film 7 in the active region of a substrate (equivalent to step a), a buffer
insulating film 6 is formed on the active region. In the step of forming the high constant insulating film 7, the
high constant insulating film 7 is formed on the active region, sandwiching the buffer insulating film 6. Clearly,
the additional technical characteristics of this claim have been disclosed in reference document 3, and the
function of this characteristic in reference document 3 is the same as in the present application, both preventing
degradation of the interface between the substrate and the gate insulating film. In other words, reference
document 3 provides a suggestion for applying this characteristic to the technical solution of reference
document 1 to further address its technical problem. If the cited claim 11 lacks novelty, it would be obvious to
those skilled in the art to combine reference document 1 with reference document 3 to arrive at the technical
solution claimed in claim 18. Therefore, the technical solution sought to be protected in claim 18 does not
possess outstanding substantive characteristics and significant progress, and does not possess the creativity
required by Paragraph 3 of Article 22 of the Patent Law.

14. "According to any one of claims 12, 14, or 15" appearing in claim 16 is unclear and does not comply
with Paragraph 1 of Article 20 of the Implementing Regulations of the Patent Law. If it is intended to be a
selective reference document, consideration may be given to amend it to "according to any of claims 12, 14, or
15" or "according to any one of claims 12, 14, and 15."

Based on the above reasons, this application cannot be granted a patent as currently drafted. If the applicant
amends the application in accordance with the examination opinions set forth in this notice within the four-
month response period specified in this notice and overcomes the existing deficiencies, this application may be
granted a patent. Applicants are advised that amendments to the application must comply with the provisions of
Article 33 of the Patent Law and must not exceed the scope of the original specification and claims.

The amended documents submitted by the applicant should include: an amended reference document page
with revision marks and a newly printed replacement page (in duplicate), ensuring the consistency of the
contents of the two parts. The applicant should also explain the basis for the amendment.

Examiner: Shao Ye Code:

974K
Phone: (010) 62413923
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Electronic scan 8
Amended reference pages (a total of 6 pages)

Claims

1. A semiconductor device, characterized in that:

compriseing: a high dielectric constant gate insulating film formed on the active region of the
substrate,

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

insulating sidewalls, comprising a first insulating sidewall and a second insulating sidewall, the
first insulating sidewall being formed on the side of the gate electrode, the second insulating
sidewall being formed on the side of the gate electrode sandwiching the first insulating sidewall;

the high dielectric constant gate insulating film is continuously formed from the lower side of
the gate electrode to the lower sides of the first insulating sidewall and the second insulating
sidewall insulating-stdewall;

the thickness of atleast-a-pertion-of the lower region of the first insulating sidewall in the high
dielectric constant gate insulating film is smaller than the thickness of the lower region of the gate
electrode in the high dielectric constant gate insulating film,

the thickness of a lower region of the second insulating sidewall in the high dielectric constant
gate insulating film is smaller than the thickness of a lower region of the first insulating sidewall in
the high dielectric constant gate insulating film.
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72. The semiconductor device according to claim 1, characterized in that:

a notch is provided at a side end portion of the high dielectric constant gate insulating film.

83. The semiconductor device according to claim 1 or 2, characterized in that:

a buffer insulating film is provided between the substrate and the high dielectric constant gate
insulating film.

94. The semiconductor device according to claim 1, wherein:

the buffer insulating film is a silicon oxide film or a silicon oxynitride film.

105. The semiconductor device according to claim 1, wherein:

the gate electrode is a fully silicided gate electrode in which the entire region has undergone
solicidation.

H6. A method for manufacturing a semiconductor device, characterized in that:

compriseing: step a, forming a high dielectric constant gate insulating film on the active region
of the substrate;

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

step C, after step b, etching a portion of the high dielectric constant gate insulating film located
outside the gate electrode to reduce the thickness of the portion; and

step d, after step C, forming insulating sidewalls on the side surfaces of the gate electrode,

wherein the insulating sidewalls are composed of a first insulating sidewall and a second
insulating sidewall;

the step d includes a step d1 and a step d2. In the step d1, the first insulating sidewall is formed
on the side of the gate electrode. In the step d2, the second insulating sidewall is formed on the side
of the gate electrode with the first insulating sidewall interposed therebetween,

the steps d1 and d2, a step of etching a portion of the high dielectric constant gate insulating film
located outside the first insulating sidewall to make the portion thinner is included; and

the above step d2, the method further includes removing a portion of the high dielectric constant
gate insulating film located outside the second insulating side wall.
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167. The method for manufacturing a semiconductor device according to claim 6 any-ene-of
clamms1214-or-15, which is characterized in that:

the high dielectric constant gate insulating film is selectively removed by wet etching.

1+78. The method for manufacturing a semiconductor device according to claim 1, which is
characterized in that:

the step b includes forming a protective film covering the upper surface of the gate electrode;

after the step d, the method further includes the step of silicideing the surface of the active
region located outside the insulating sidewall, removing the protective film, and then silicideing the
entire gate electrode.

189. The method for manufacturing a semiconductor device according to claim 1, which is
characterized in that:

before the step a, it also includes a step of forming a buffer insulating film on the active region;
and

in step a, forming the high dielectric constant gate insulating film on the active region with the
buffer insulating film interposed therebetween.

Page 24 of 61



on insulating film; and insulating sidewalls are composed of a first insulating sidewall and a second
insulating sidewall, the first insulating sidewall being formed on the side of the gate electrode, and
the second insulating sidewall being formed on the side of the gate electrode with the first
insulating sidewall sandwiched therebetween formed-on-the-side-of the-gate-eleetrode. The high
dielectric constant gate insulating film is formed continuously from the lower side of the gate
electrode to the lower sides of the first insulating sidewall and the second insulating sidewall
insulating-sidewall. The thickness of atleast-a-pertion of the lower region of the first insulating
sidewall in the high dielectric constant gate insulating film is smaller than the thickness of the
lower region of the gate electrode in the high dielectric constant gate insulating film. The thickness
of the lower region of the second insulating sidewall in the high dielectric constant gate insulating
film is smaller than the thickness of the lower region of the first insulating sidewall in the high
dielectric constant gate insulating film.

In the semiconductor device of the present invention, the insulating sidewalls are composed of a
first insulating sidewall and a second insulating sidewall. The first insulating sidewall is formed on
the side of the gate electrode, and the second insulating sidewall is formed on the side of the gate
electrode, sandwiching the first insulating sidewall. The high constant gate insulating film is
formed continuously from the bottom of the gate electrode to the bottom of the first insulating
sidewall. The thickness of the high constant gate insulating film below the first insulating sidewall
may also be smaller than the thickness of the high constant gate insulating film below the gate
electrode.

When the insulating sidewall is composed of the first insulating sidewall and the second
insulating sidewall, the high dielectric constant gate insulating film may not be formed on the lower
side of the second insulating sidewall.

When the insulating sidewalls are composed of the first insulating sidewalls and the second
insulating sidewalls, the high constant gate insulating film is continuously formed from the lower
side of the gate electrode to the lower side of the second insulating sidewall. The thickness of the
lower region of the second insulating sidewall in the high constant gate insulating film may be
equal to the thickness of the lower region of the first insulating sidewall in the high constant gate
insulating film.

When the insulating sidewalls are composed of the first insulating sidewalls and the second
insulating sidewalls, the high constant gate insulating film is formed continuously from the lower
side of the gate electrode to the lower side of the second insulating sidewalls. The thickness of the
lower region of the second insulating sidewall in the high constant gate insulating film may be
smaller than the thickness of the lower region of the first insulating sidewall in the high constant
gate insulating film.

In the semiconductor device of the present invention, the insulating sidewall is composed of a
first insulating sidewall and a second insulating sidewall, the first insulating sidewall is formed on
the side of the gate electrode, and the second insulating sidewall is formed on the side of the gate
electrode sandwiching the first insulating sidewall. The high dielectric constant gate insulating film
is formed continuously from the lower side of the gate electrode to the lower side of the second
insulating sidewall. The thickness of the lower region of the first insulating sidewall in the high
dielectric constant gate insulating film is equal to the thickness of the lower region of the gate
electrode in the high dielectric constant gate insulating film. The lower region of the second
insulating sidewall in the high dielectric constant gate insulating film is equal to the thickness of the
lower region of the gate electrode in the high dielectric constant gate insulating film. The thickness
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of the side region may be smaller than the thickness of the lower region of the gate electrode in the
high dielectric constant gate insulating film.

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

In the semiconductor device of the present invention, a buffer insulating film may be provided
between the substrate and the high dielectric constant gate insulating film. In this case, the buffer
insulating film may be a silicon oxide film or a silicon oxynitride thin film.

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

The method for manufacturing a semiconductor device according to the present invention
comprises: step a, forming a high dielectric constant gate insulating film on an active region of a
substrate; step b, forming a gate electrode on the high dielectric constant gate insulating film; step c,
after step b, etching a portion of the high dielectric constant gate insulating film located outside the
gate electrode to reduce the thickness of the portion; and step d, after step c, forming insulating
sidewalls on the side surfaces of the gate electrode, the insulating sidewalls being composed of a
first insulating sidewall and a second insulating sidewall; step d comprises step d1 and step d2, in
which the first insulating side wall is formed on the side of the gate electrode in step d1, and the
second insulating side wall is formed on the side of the gate electrode with the first insulating side
wall sandwiched therebetween, and between step d1 and step d2. a process is included for etching a
portion of the high dielectric constant gate insulating film located outside the first insulating side
wall to make the portion thinner; and after step d2, a process is also included for removing a
portion of the high dielectric constant gate insulating film located outside the second insulating side
wall.

The method for manufacturing a semiconductor device of the present invention may further
include, after step d, a step of removing a portion of the high dielectric constant gate insulating film
located outside the insulating sidewall.

In the semiconductor device manufacturing method of the present invention, the insulating
sidewalls are composed of first and second insulating sidewalls. Step d includes step d1, in which
the first insulating sidewalls are formed on the side surfaces of the gate electrode, and step d2, in
which the second insulating sidewalls are formed on the side surfaces of the gate electrode with the
first insulating sidewalls interposed therebetween.

When the step d includes the step d1 and the step d2, it may further include a step of removing a
portion of the high dielectric constant gate insulating film located outside the first insulating side
wall between the step d1 and the step d2.

When the step d includes the step d1 and the step d2, between the step d1 and the step d2, a step
is included to etch the portion of the high dielectric constant gate insulating film located outside the
first insulating sidewall to make the portion thinner. After the step d2,
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Statement of opinion

The applicant received the examiner's first office action dated March 20, 2009 regarding this
application (Application No. 2006100938722). In response to the examiner's opinion, the applicant
conducted an in-depth study of its application documents and references, amended the
corresponding portions of its claims and specification (see the amendment reference page for
details), and presents its opinions as follows.

Regarding the opinion of the examiner that claims 1 and 11-12 of this application lack novelty,
and that claims 2-4, 7-10, 13-14, and 16-18 lack inventiveness, the applicant has amended its
claims by adding the additional technical characteristics from the original claim 2 and claim 5,
which the examiner did not identify as having an inventiveness problem, to the original claim 1,
forming a new claim 1. Similarly, the applicant added the additional technical characteristics from
the original claim 13 and claim 15, which the examiner did not identify as having an inventiveness
problem, to the original claim 11, forming a new independent method claim 6. At the same time,
the applicant has deleted original claims 2-6 and 12-15, and reordered the remaining claims (see the
amendment reference page for details). The applicant believes that these amendments do not
exceed the original claims and description and comply with the provisions of Article 33 of the
Patent Law.

Through amendments to the claims, the applicant argues that at least the additional technical
characteristics of original claim 5 in the technical solution of amended claim 1, as well as the
technical solution as a whole, are not disclosed or implied in any of the references 1-3 identified by
the examiner. Furthermore, the combination of references 1-3 is unlikely to achieve the technical
effects achievable by the aforementioned technical solution. Therefore, the amended claim 1 of the
present invention possesses outstanding substantive characteristics and significant advancements
relative to these references and their combinations. It possesses novelty as provided for in
Paragraph 2 of Article 22 of the Chinese Patent Law relative to reference 1, and inventive step as
provided for in Paragraph 3 of Article 22 of the Patent Law relative to references 1-3 and their
combinations.

By the same token, the amended claim 6 possesses novelty as provided for in Paragraph 2
of Article 22, of the Patent Law relative to reference 1, and possesses inventiveness as provided for
in Paragraph 3 of Article 22 of the Patent Law relative to references 1-3 and their combination.
Furthermore, since the remaining claims of this invention are all dependent claims that reference
claim 1 or claim 6, if claims 1 and 6 possess inventiveness, the remaining claims naturally also
possess inventiveness.

Furthermore, in response to the examiner's comments regarding the original claim 16
(amended claim 7), the applicant modified its reference relationship, overcoming the issues
identified by the examiner.

I hope the examiner will continue to examine this application based on the above amendments
and hope that it will be granted a patent as soon as possible.
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1A063392 — Amended Electronic scan 7

Amendment Notes

Pursuant to Article 51 of the Implementing Regulations of the Chinese Patent Law, the
applicant has proactively amended the claims. The specific amendments are as follows: The phrase
"partial thickness" in line 8 of claim 1 has been amended to read "thickness of a part." The above
amendments do not exceed the scope of the original disclosure and are acceptance by the examiner
is requested.

The above amendments shall be submitted in the form of replacement pages.
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