Docket No.: 085393-0941

REQUEST FORM FOR CONTINUATION
APPLICATION UNDER 35 USC 111(a)

Prior Application: International Application No. PCT/JP2011/002868
Art Unit: (Unassigned)
Examiner: (Unassigned)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

This is a Request for filing a continuation application, entitted SEMICONDUTOR DEVICE,

under 35 U.S.C. 111(a) of pending prior International Application No. PCT/JP2011/002868, filed on

May 24, 2011, by the following named inventors:

INVENTOR RESIDENCE CITIZENSHIP POST OFFICE ADDRESS

Satoru ITO Hyogo, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

Yoshiya MORIYAMA Toyama, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

Hiroshi OHKAWA Toyama, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

Susumu AKAMATSU Toyama, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi,
Osaka, Japan 571-8501

1. X [ hereby verify, to the best of my knowledge, that the enclosed copy of this prior
application is a true copy of the above-identified prior application, including the oath or
declaration as originally filed.

2. [ Preliminary Amendment is enclosed.

3. XX An Information Disclosure Statement and PTO1449 Form are submitted herewith.
4. [] Cancel claims

5. Applicant is entitled to claim Small Entity status.
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6. The filing fee is calculated on the basis of the claims existing in the prior application as amended

above:
NO. OF EXTRA
CLAIMS CLAIMS RATE AMOUNT
Total Claims 16 -20 0 $60.00 $0.00
Independent Claims 1 -3 0 $250.00 $0.00
Multiple Dependent Claim(s) $0.00
Sheets of specification and drawing ($310.00 for each 50 sheets in excess of 100) $0.00
Basic Filing Fee $390.00
Patent Search Fee $620.00
Patent Examination Fee $250.00
Total of Above Calculations $1,260.00
Less 5 for Small Entity $0.00
Assignment & Recording Fee $0.00
Total Fee $1,260.00

1. [X] 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 or credit any overpayment to Deposit Account

No. 500417.

2. [] Amend the specification by inserting before the first line the sentence:

3. [X] Priority of Japanese Application No. 2010-205599 filed September 14, 2010, in Japan and
International Application No. PCT/JP2011/002868 filed May 24, 2011 designating the U.S. is
claimed under 35 USC 119, 120 and/or 365.

4, The prior application is assigned of record to:

W

PANASONIC CORPORATION

Osaka, Japan

. [X] The power of attorney in the prior application is to:

MAEDA & PATNERS

Osaka, Japan
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6. Also enclosed:

Executed Declaration and Power of Attorney
Front Page of International Publication

PCT Request

International Search Report

PCT/IB/301,304

PCT/ISA/220,237

YVVVYY

7. [ A petition, fee and response has been filed to extend the term in the pending prior application
until

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

McDERMOTT WILL & EMERY LLP

500 North Capitol Street, N.W.

Washington, D. C. 20001

Respec‘gﬁuliy submitted,

Mi elEFogarty
Registration No. 36,139

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

(202) 756-8000 MEF:gj

Facsimile: (202) 756-8087

Date: October 31,2012
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Doc Code: PA.. PTO/AIA/82B (07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0035
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.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number Not Yet Assigned

Filing Date October 31, 2012

First Named Inventor Satoru ITOU

Title SEMICONDUCTOR DEVICE
Art Unit N/A

Examiner Name Not )(e’t’ﬁtsgsﬁ{gned
Attorney Docket Number 048‘?;\393

10/31/12

Signature Date

Name (202) 756-8372

Michael E. Fogarty

Telephone

36,139

Registration Number

NOTE: This form must be signed in accordanceiwitl};%? CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

D *Total of 1 forms are submitied.
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PTO/AIA/82B(07-12)
Approved for use through xx/xx/xxxx. OMB 0651-0035
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.

POWER OF ATTORNEY BY APPLICANT

I hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter.

I hereby appoint Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and to
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced

in the attached transmittal letter (form PTO/AIA/82A or equivalent):
o 53080

D | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and to transact all business in the
United States Patent and Trademark Office connected therewith for the application referenced in the attached

transmittal letter (form PTO/AIA/82A or equivalent):

Name Registration Number Name Registration Number

Please recognize or change the correspondence address for the above-identified patent to:
@ The address associated with the above-mentioned Customer Number.
OR
D The address associated with Customer Number:
OR

Firm or
individual Name

Address

City | state | | zip ]

Country
Telephone
I am the Applicant:
D Inventor or Joint Inventor
DLegal Representative of a Deceased or Legally Incapacitated Inventor
@Assignee or Person to Whom the Inventor is Under an Obligation to Assign
Person Who Otherwise Shows Sufficient Propriefary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was
granted in the application or is concurrently being filed with this document)
- SIG URE of Applicant for Patent
Signature e -~ Date Sep. /. 2°r2
Name HIROKI NAITO Telephone i

Title and Company | Director, Authorized Signing Officer for Applicant, Panasonic Corporation

NOTE: Signature - This form must be signed by the applicant or applicant's representative in accordance with 37 CFR 1.33. See 37 CFR 1.4 for
signature requirements and certifications. Submit multiple forms for more than one signature, see below *.

l Email I

@ *Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. 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 3 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. Departiment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

) ) Attorney Docket Number | 0853983-0941
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTOR DEVICE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
biblicgraphic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may net be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Satoru ITO
Residence Information (Select One) (O US Residency  {(8) Non US Residency () Active US Military Service
City  |Hyogo Country of Residence Jp

Mailing Address of Inventor:

Address 1 ¢/o Panasonic Corporation
Address 2 1006, Oaza Kadoma, Kadoma-shi
City Osaka ‘ State/Province |
Postal Code 571-8501 | Country | | JP
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Yoshiya MORIYAMA
Residence Information {Select One) () US Residency  (®) Non US Residency () Active US Military Service
City |Toyama Country of Residence Jp

Mailing Address of Inventor:

Address 1 ¢/fo Panasonic Corporation

Address 2 1006, Oaza Kadoma, Kadoma-shi

City Osaka ‘ State/Province |
Postal Code 571-8501 | Country | JP

Remoaove
Inventor 3

Legal Name

EFS Web 2.2.3
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

) ) Attorney Docket Number | 085393-0941
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention | SEMICONDUCTCR DEVICE
Prefix| Given Name Middle Name Family Name Suffix
Hiroshi OHKAWA
Residence Information (Select One) (O US Residency  {s) Non US Residency () Active US Military Service

City  |Toyama Country of Residence Jp
Mailing Address of Inventor:

Address 1 ¢/o Panasonic Corporation

Address 2 1006, Oaza Kadoma, Kadoma-shi

City Osaka ‘ State/Province |

Postal Code 571-8501 | Country 1 JP

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

Susumu AKAMATSU

Residence Information {Select One) () US Residency (&) Non US Residency () Active US Military Service
City | Toyama Country of Residence Jp
Mailing Address of Inventor:

Address 1 c/fo Panasonic Corporation

Address 2 1006, Oaza Kadoma, Kadoma-shi

City Osaka ‘ State/Province |

Postal Code | 571-8501 | Country | | JP

All Inventors Must Be Listed - Additional Inventor Information blocks may be ==

generated within this form by selecting the Add button.
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 53080

Email Address Washington_IP_Docket@mwe.com | AddEmail | |Remove Email
EFSWeb223
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 085393-0941

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTCR DEVICE

Application Information:

Title of the Invention SEMICONDUCTCR DEVICE

Attorney Docket Number| 085393-0941 Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) Sub Class (if any) |

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 13 Suggested Figure for Publication (if any)
Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

[] 35US.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral internaticnal agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (&) Customer Number (O US Patent Practitioner | (1 Limited Recognition {37 CFR 11.9)
Customer Number 53080

Domestic Benefit/National Stage Information:

This section allows for the applicant te either claim benefit under 35 U.S.C. 119(e), 120, 121, cr 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Continuation of PCT/JP2011/002868 2011-05-24

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

Foreign Priority Information:

EFS Web 2.2.3
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 085393-0941

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTCR DEVICE

This section allows for the applicant to ¢laim henefit of foreign priority and to identify any prior foreign application for which priority is

not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

[ Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed
2010-205599 JP 2010-09-14 ® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office {(JPQ), the Korean Intellectual Property Office (KIPC}, the World Intellectual Property Office (WIPQO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-{d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U_S_ application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

EFS Web 2.2.3
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 085393-0941

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTCR DEVICE

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(® Assignee () Legal Representative under 35 U.S.C. 117

O Person to whom the inventor is obligated to assign. ‘O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authcrity to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Assignee is an Organization check here.

Organization Name | paNASONIC CORPORATION

Mailing Address Information:

Address 1 1006, Oaza Kadoma, Kadoma-shi

Address 2

City Osaka State/Province

Country i| JP Postal Code 571-8501
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
cerlifications

Signature |/Michael E. Fogarty! Date (YYYY-MM-DD)| 2012-10-31

First Name | Michael Last Name Fogarty Registration Number | 36139

Additional Signature may be generated within this form by selecting the Add button. Add
EFSWeb223
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 085393-0941

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention SEMICONDUCTCR DEVICE

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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 TQ THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.3

Page 11 of 339



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.8.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 (b U.S.C. 552)
and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

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.8.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.5.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., G8A 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 pursuani|
to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.8.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 inspections 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
USPTC becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.3
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Panasonic Ref: P611097-01 Page 1 of 4
1st Partner Name: _MAEDA & PARTNERS 1st Partner Ref (if needed): M11-182U81-TB
Route: [OPCT/ OParis/ [JUS First

[OCA/ ODIv/ CICIP/ MBypass

PTO/AIAO1 (0B-12)
Approved for use through 01/31/2014. OMB 0651-0032
U. 8. Patent and Trademark Office; U. §. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1885, no persons are required to respond o a collection of information unisss it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76}

Title of SEMICONDUCTOR DEVICE
invention

As the below named inventor, | hereby declare that:

This declaration The attached application, or
is directed to:
[T] united States application or PCT intemnational application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
confribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted fo the USPTO,
petitioners/applicants should consider redacfing such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Satoru ITO Date (Optional) : Oct. 9, 20/t

Signature: 4(%“/‘" OZF

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/01 form for each additional inventor.

This coliection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 caliection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the compieted application form to the USFTO. Time will vary depending upon the individual case. Any
comments on the amount of time you reguire to complete this form and/or suggestions for reguging this burden, shouid be sent to the Chief information Officer, U.S.
Patent and Trademark Office, U.S. Depariment 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, calt 1-800-PTQ-9199 and sefsct option 2.
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Panasonic Ref: P611097-01 Page2of4
1st Partner Name: _MAEDA & PARTNERS 1st Partner Ref (if needed): M11-182US1-TB
Route: [OPCT/ [JParis/ [JUS First

LCA/ ODIv/ (OCIP/ MBypass

PTO/AIA/D1 (08-12)

Approved for use through 01/31/2014.  OMB 0851-0032

U. 8. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE

Under the Papemork Reduction Act of 1995, no persons are required to respond to & colisction of information unless |t displays a valid OMB control rumber.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of SEMICONDUCTOR DEVICE

Invention

As the below named inventor, | hereby declare that:

This declaration The attached application, or
is directed to:
[ united States application or PCT intemational application number

filed on

The above-identified application was made or authorized to be made by me,

| believe that ! am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal infarmation is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be availatle to the public if the application is

referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR
inventor: Yoshiya MORIYAMA Date (Optional) : % C’.év 2, 20/2

Signature: Wﬂl %ﬂ%{'m

Note: An application data sheet (PTO/SB/14 or equivalent}, including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 356 U.S.C. 115 and 37 CFR 1.63. The Information is reguired to obtain or retain a benefit by the public which is to fite (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 coflection is estimated 10 t2ke 1 minute to
complete, including gathering, preparing, and submitling 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 TQ
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you nead assistance in completing the form, call 1-800-PTO-9198 and sefect option 2.
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Panasonic Ref. P611097-01 Page 3 of 4
1st Partner Name: _MAEDA & PARTNERS 1st Partner Ref (if needed): M11-182US1-TB
Route: DPCT/ [IParis/ CJUS First

OCA/ ODIV/ [OCIP/ MBypass
PTO/AIADT (08-12)
Approved for use through 01/31/2014,  OMB 0851-0032
1. 8. Patent and Trademark Office; U. 8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a caliection of information untess it displays a valid OMB control number.

( DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 CFR 1.76)

Title of SEMICONDUCTOR DEVICE
Invention

As the below named inventor, | hereby declare that:

This declaration The attached application, or
is directed to:
D United States application or PCT intemational application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants shouid consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Hiroshi OHKAWA Date (Optional): _ Oct. 3. 20/2

signature: __ Ximuhs, (Ghuwo

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.8.C. 115 and 37 CFR 1.83. The information is required ta 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.5.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submilting the compieted 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 andfor suggestions for raducing this burden, should be sent to the Chief Information Officer, U.S,
Patent and Trademark Office, U.S. Depariment 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,

i you need assistance in completing the form, cail 1-800-PT0O-9199 and select aption 2.
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Panasonic Ref: P611097-01 Page 4 of 4
1st Partner Name: _MAEDA & PARTNERS 1st Partner Ref {if needed): M11-182US1-TB
Route: [OPCT/ OParis/ [3US First

QOCA/ ODIV/ CICIP/ MBypass

PTOIAIAO1 (068-12)
Approved for use through 01/31/2014.  OMB 0651-0032
U. 8. Patent and Trademark Office; U. §. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required fo respond to a collection of information uniess it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of SEMICONDUCTOR DEVICE
Invention

As the below named inventor, | hereby declare that:

This declaration The attached application, or
is directed to:
[ United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| befieve that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punighable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. {f this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal informaticn from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application} or issuance of a
patent. Furthermore, the record from an abandoned application may aiso be available to the public if the application is

referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Susumu AKAMATSU Date (Optional) : . 3, >o/2

Signature: )ﬁﬁ&m /%”“7“7

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.83. 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 fo take 1 minute fo
complete, Including gathering, preparing, and submitling the completed application form to the USPTO. Tima 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. Depariment 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.0O. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, catl 1-800-PT0-9199 and select option 2.
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PATENT COOPERATION TREATY PCT/JP2011/002868

From the INTERNATIONAL BUREAU

PCT "

NOTIFICATION OF RECEIPT OF MAEDA, Hiroshi
RECORD COPY Osaka-Marubeni Bldg.,5-7 Hommachi 2-chome,
Chuo-ku, Osaka-shi, Osaka
5410053
(PCT Rule 24.2(a)) JAPON

Date of mailing (dayymonth/vear)

21 June 2011 (21.06.2011) [MPORTANT NOTIFICATION
Applicant's or agent's file referem;e ~y International application No.

P811097P0 (A i §2C -2 PCT/AP2011/002868
The applicant is hereby netified that the International Bureau has received the record copy of the mtematwmaLapplmaﬁan asdetaﬂad_____}
below, '

s s e .Jf“

Name(s) of the applicant(s) and State(s) for which they are applicants:

PANASONIC CORPORATION (for all designated States except US) o

ITO, Satoru et al {for US c ey

( ) f.:.;-;:u"i . th? C’rri E

International filing date: 24 May 2011 (24.05.2011)
Priofity date(s) claimed: 14 September 2010 (14.09.2010)
Date of receipt of the record copy by the International Bureau: 08 June 2011 (08_05_201 1)
List of designated Offices:

AP: BW, GH, GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW
EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM
EP: AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT,
NL, NO, PL, PT, RO, RS, SE, SL, SK, SM, TR
A: BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG
ational: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, KE, KG,
KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

ATTENTION: The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these
data and the indications in the international application, the applicant should immediately inform the International Bureau. In
addition, the applicant's attention is drawn to:

- time limits for entry into the national phase (see www.wipo.int/pet/en/texts/time_limits htmland PCT Applicant’s Guide, National
Phase, especially Chapters 3 and 4)
- requirements regarding priority documents (if applicable) (see PCT Applicant's Guide, International Phase, paragraph 5.070)

A copy of this notification is being sent to the receiving Office and to the International Searching Authority.

The International Bureau of WIPO Authorized officer
34, chemin des Colombettes . .
1211 Geneva 20, Switzerland Landicho Remedios
e-mail pt08.pct@wipo.int
Facsimile No. +41 22 338 70 10 Telephone No. +41 22 338 74 08
Form PCI/B/301 (July 2010) T/TISPVA4KO
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PATENT COOPERATION TREATY PCT/JP2011/002868

From the INTERNATIONAL BUREAU

PCT b
NOTIFICATION CONCERNING SUBMISSION, MAEDA, Hiroshi
OBTENTION OR TRANSMITTAL Osaka-Marubeni Bldg.,5-7,Hommachi 2-chome,
OF PRIORITY DOCUMENT Chuo-ku, Osaka-shi, Osaka
5410053
(PCT Administrative Instructions, Section 411) JAPON
Date of mailing (day/monthvyear)
04 July 2011 (04.07.2011)
Applicant's or agent's file reference
- IMPORTANT NOTIFICATION
P611097P0 H((v(S')CTf’%
International application No. International filing date (day/month/year)
PCT/JP2011/002868 24 May 2011 (24.05.2011)
.naﬁona! publication date (day/month/year) Priority date (day/month/year)
Not yet published 14 September 2010 (14.09.2010)
Applicant

PANASONIC CORPORATION et al

The applicant is hereby notified of the date of receipt (or of obtaining by the International Bureau) of the priority document(s) relating
to all earlier application{s) whose priority is claimed. Unless otherwise indicated by the letters "NR", in the right-hand column or by an
asterisk appearing next to the date of receipt, the priority document concerned was submiitted or transmitted to or obtained by the
International Bureau in compliance with Rule 17.1(a), (b) or (b-bis). This Form replaces any previously issued notification
concerning subimission, transmittal or obtaining of priority documents.

Briority date Priority application No. Country or regional Office Date of receipt
» or PCT receiving Office of priority document
14 September 2010 (14.09.2010) 2010-205599 B 29 June 201 (29.06.2011)

Q\e letters "NR" denote a priority document which, on the date of mailing of this Form, had not yet been received or obtained by the

ternational Bureau in compliance with Rule 17.1(a), (b} or (b-bis). Where the applicant has failed to either submit, request to prepare
and transmit or obtain and transmit, or to request the International Bureau to obtain the priority document within the applicable time
limit under that Rule, the attention of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard
the priority claim concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority
docoment within a time limit which is reasonable under the circomstances.

An asterisk ™" next to a date of receipt, denotes a priority document submitted or transmitted to or obtained by the International Bureau
but not in compliance with Rule 17.1(a), (b) or (b-bis) (the priority document was received after the time limit prescribed in Rule
17.1(a); the request to prepare and transmit the priority document was subrnitted to the receiving Office after the applicable time limit
under Rule 17.1(b) or the request to the receiving Office or the international Bureau to obtain the priority document was made after the
applicable time limit under Rule 17.1(b-bis)). Even though the priority document was not furnished in compliance with Rule 17.1(a), (b)
or (b-bis), the Interational Bureau will nevertheless transmit a copy of the document to the designated Offices, for their consideration.
In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c) provides that no designated Office

may disregard the priority claim concerned before giving the applicant an opportunity, upon entry into the - }
priority docurnent within a time limit which is reasonable under the circumstances. {E m

i
i

1

e
il
‘I'he International Bureau of WIPO Authorized officer ;
34, chemin des Colombettes .
1211 Geneva 20, Switzerland Masashi Honda
e-mail ptO8.pct@wipo.int

Facsimile No. +41 22 338 70 10 Telephone No. +41 22 338 74 08
Form PCIAB/304 (July 2010) T/TUSIYPVGO
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1) ERSHE
HOIL 21/8234 (2006.01)
HOIL 21/3238 (2006.01)
HOIL 27/088 (2006.01)

HOIL 27/092 (2006.01)
HOIL 29/423 (2006.01)
HOIL 29/49 (2006.01)

Id

(1) BERHEES. PCT/IP2011/002868
(22) ERRHELS: 2011 EE5 A 24 é(24.05.2ou)
5 ERHEOERE BAE
26 ERALMOES: BAE
(30 BEET—3:/ /

58 2010-205599 2010 % 9 B 14 B(14.09.2010) P

HEA CKEER<2TOERRIZDNT) /Y
F Vv 2 HR £ PANASONIC CORPORA-
TION) [JP/IP}, T5718501 ARFFEETAREME

100 6%HiM Osaka (JP).

M) BAF LU /
(15) %Eﬁ%fﬁiﬁ&(ﬂ‘:@kamrma) ﬁEE(ITo,
Satoru). vmﬁiﬂ(MORIYAMA, Yoshiys). jcm

Q]

(OHKAWA, Hireshl) # # & (AKAMATSU,

Susumu).

(74) LB A BIEEA, % (MAEDA, Hiroshi ¢t al); T
5410053 AR AR AN REEZEI2 TESE 7
5 ARALLEI Osaka(p).

@n HEE(EFROZVLRY., 2TOEEORAR
EAEIER): AE, AG, AL, AM, A, AT, AU, AZ, BA,
BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO,
CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, ,FI,
GB, GD, GE, GH, GM, GT, HN,

PT, RO,
SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
VN, ZA, ZM, ZW.

84 BHEE (EROLZLEY, £ TOHBSOEER
58 H 5] BE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, SD, SL, $Z, TZ, UG, ZM, ZW), 2—F L F
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), I —R w s
(AL, AT, BE, BG, CH, CY, CZ, DE, DK, FE, ES, F1, FR,

KRR

S, RU, SC, 8D, SE, 8G, SK, SL,
UG, Us, UZ,

(54) Title: SEMICONDUCTOR DEVICE AND PRODUCTION METHOD FOR SAME

64 RROEH  FBEZBRUEOHESL -

(9]
AA BB
E20nMIS B1OnMIS
RSLUANES PILUASER

CC

F20oMS
FELURNRR

DD

$E1DpMIS
LA RERR

AA Second nMIS transistor area
BB First nMiS transistor area
CC Second pMIS transistor area
DD First pMIS transistor area

(57) Abstract: The present invention provides a first MIS transistor and a second MIS transistor of the same conductivity type
disposed on top of the same semiconductor substrate (50). The thickness of an interface layer (2A) for a gate insulating film (52a)
in the first MIS transistor is greater than the thickness of an interface layer (2b) for a gate insulating film (52b) in the second MIS

transistor.

N EH: RLBBEOFEIOMIS FSUIRFIRUE2OMIS FF23 JASHECERESIER

(50) LIZBIHSATWNEG, BI1OMIS F5VIREICEIIDSF— MEBE (52a) ORERE

éiﬁ)ﬁg{’!ém %zwmxs}- VUARIC a‘sﬁ-é‘f— FERIE (52b) OFRERE (2b) OF
\0
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Docket No.: 085393-0941
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Customer Number: 53080
Satoru ITOU et al.

Application No.: Not Yet Assigned Confirmation No.: N/A
Filed: October 31, 2012 Art Unit: N/A

For: SEMICONDUCTOR DEVICE Examiner: Not Yet Assigned

INFORMATION DISCLOSURE STATEMENT (IDS)

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office is hereby
directed to the references listed on the attached PTO/SB/08. It is respectfully requested that the
information be expressly considered during the prosecution of this application, and that the

references be made of record therein and appear among the “References Cited” on any patent to

issue therefrom.
This Information Disclosure Statement accompanies the new patent application submitted herewith.

In accordance with 37 CFR 1.98(a)(2)(ii), Applicant has not submitted copies of U.S. patents and
U.S. patent applications. Applicant submits herewith copies of foreign patents and non-patent

literature in accordance with 37 CFR 1.98(a)(2).
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Application No.: Not Yet Assigned Docket No.: 085393-0941

A concise explanation of relevance of the items listed on form PTO/SB/08 is in the form of an
English language copy of a Search Report from a foreign patent office, issued in a counterpart

application, which refers to the relevant portions of the references.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to be filed or
which should have been filed herewith (or with any paper hereafter filed in this application by this

firm) to our Deposit Account No. 50-0417, under Order No. 085393-0941.

Respeq:gfa};ly submitted,

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

Phone: (202) 756-8372 MEF:gj

Facsimile: (202) 756-8087

Date: October 31,2012
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(54) SEMICONDUCTOR DEVICE HAVING HIGH DIELECTRIC CONSTANT FILM AND ITS
MANUFACTURING METHOD

(57)Abstract: R B A
PROBLEM TO BE SOLVED: To form a thin gate
insulating film in terms of SiO2 thickness of different film
thickness in a simple process concerning a
semiconductor device having a high dielectric constant
film and its manufacturing method.

SOLUTION: A device part having a plurality of insulating
films mutually different in film thickness comprising a
laminated structure having a high dielectric constant film
5 whose dielectric constant is 10-40 in uniform film
thickness on the insulating films 2—-4 of a plurality of the
film thicknesses whose dielectric constant is less than P Hivios B
10 is provided.
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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD

(57)Abstract:

PROBLEM TO BE SOLVED: To reduce GIDL which is
caused by a high electric field in a semiconductor device
without decreasing its driving capability.

SOLUTION: A gate electrode 108 includes a first
conductive part 108A which is positioned in the center
of the direction of channel length of the gate electrode
108 and contacts a high permittivity film 107, namely a
gate insulating film and a second conductive parts 108B
which are positioned at both ends of the direction of

channel length of the gate electrode 108 and contacts [t

the high permittivity film 107, namely the gate insulating
film. A first work function of the first conductive part
108A and a second work function of the second
conductive part 108B are different.
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RMEEMLELERE2LNTES, £/, GFBEEBR 1 O0TORFERLEL4O0KRELED
CINKERLST, MmmEEREE (YYD VEBERE) 106 0kFEEE (3. 9) Kbk
EVHEOBEICHRET R CLATES., M. 5AEREHE1 07 LT, S8ULDLFEE
RrHEdrMgEBtBEErAVZcEREE L., flxd, A1, O, B, Zr O, B
.HfO, B, HfSiO, B, ZrSi0O, B, Y, O, B, La, O, BE. Pr O,
BErElr2RWAI ENTES,

(0037]

/e, BH1IOEMBEEEBLBVLWT., Y~ FEM108DHE1OHBHIH1 08 ADTEEEK
A4, 4 e VIKRELEDY, ChKEST, FE20EEH 1 08BOTHEMBEHEKID L pil
YA YOHEBRRICAEVWEEOBEICRET ALV TES, COLE, F10EHEBH I
OBADKERMBRELERTE-TEEBTHA-> T &V, ¥/, Y¥—FE®EILI 08DHE
2POEBEMIOSBOMABBEEZ 4. 2 e VILBELEN, ZhICHELT., BE10EER
I10OBADHEMALIY»EnNE Y AVOLEBRICEVEEDOEICRET A ENTE
5, COELE, B2OEEN 1 0SBOBAMAIYEKRTH->TELEEBTH>TELL
s AW, B1OEER1I1O08ADEMMELLT, TiN, Mo, MoS iN, Ta,
WXELaOBERAVWARZIENTE, FE2O0EEHF108SBOEEMHE L TE., nER
Vo) aYR2HWAILNTES,

(003 8]

T, BIOEMEELCLBVWT, nBMOMI SFETOF - EEENRELUTHEHAL
e, ARBAZIpEOMI SFETOF—MRECLERTRETDHS. COFE. V¥ — 1
BER1IO0O8DE1IDEEMIOSADEBMEBICKE., BE20BEMI 08BIOE R
DaYOHRBEEBECOIVWHEEEREEZE TS ERXIEBESEEZH V., Y~ FEB1 08D
FB2OEBEH 1 OSBOBEMEICE., B1OBEH108AKEpHIYYIOYDOLE
EBIGEWHEBEREBE T ALEAXRESEESZEH VS, i, B1OEEH 108 A
OfRMEELLT., TiN, MoSiN, RuO, . Ta, TaN, TaC. W. PtW
NEPtREAVBIENTE, E2O0EEH10SBOBRMBEELTE., pHEHFRY >
VaYEZRHWRIENTES, pEOMISFETOYF—FEEBEENRETEIEE. Fv
FNVBEH1O03W@nBIY)aAYrOoEREN, T7AF Yy yayEE104@3pAE Y
VhOHEHEEN, VX FLAVEHE 105 p" BV aYhASEEEN5,
(0039]

UF. M1 RIAEBMEROLEREBENpHOMISFETTHBELT. ADFR
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LAVBERERCAEDY - FEEEHMULEBACA - N—Fy THEEBAICEUCZEE AR
DBRICDVWT, Blc,. Y¥— FEB108ICBIAE20EES108BOE20HEMHS
eI A7y ayEB1 0420 p YV YOEIOHBEBHEICEDITTYE L
EWIEDL, N =Ty THBEALBUY2EEFAOEROBMELZEB TERHEABAKDL
THET 5,

(o0040]

K4 (a) BV EpEMISFETOWAEKTHS., K4 (a) KRTpAEMI S
FETW,. Y= FPEBEY - BEEn Oy V#EEEp OV —-ABEBELp
BMORLAVEB LR E, . HEZHEBLIZZHDIC. F—FPEBRIZHE DML EH
BEEOHMBERE->TERINATVLE280ELT 3, R4 (b)) RUK4 (c) BFNFh
M4 (a) FOA—~A" BICH->ENVYFEBEBEOBRAKTSHD., K4 (b) BV —+ERE
5. 2e VOLHEBEE (p' HOXKI YV a o FERCHEY) 2HEDODEEDONVE
BEOHMAKTHED, M4 (c) BFX—VrEBEN4. 6 e VOMLTHEEH W EBEIK
) EHFDOBEBONY FEBEOBEARTH S, M. M4 (b) RUKA4 (c) KBWVWT. p
FREIORLA CVEBOAEBREBS. 2eVTHBELTWE, £/, K4 (b)) RUK
4 (c) WRINYFEBERVWINE, Y FEXEVgRUFLAVEEVINHEBICO
VTHHIHEDEDTHS, £ M4 (b) RUK4 (c) BWVWT, EBEEMDOK
X (FAERZE) 2EL., BBRNUEBEEZEL, NVFE2RITHBROBEBZIEABREALRT
s M4 (b)) ICRT LS, ¥—FEENS., 2e VOLEERZEDES, FLAVH
HotFEEHEL Y —rEROGHEBHRLEOMCEN ZVED, p' BHORFL s vEEHEY
—FHBELOBMICBWLWTARAY FOWMMPD A LRV, —/H. B4 (c) IKRT X3,
F—rEBPNEOLEEBEER (4. 6eV) ZHEDODEA. Y¥—FEBOTEBEES L A
CVHEBOTEERIDE SIS EEZED, F—FEEVEgRURLAVEZEVIH LB
OVTH-ELTE, ZORKCHYTZEODERE (BLXF4. 6—-5. 2=—0. 6V
) BEWKREMF EHIMENREBICHE, TOHER, M4 (c) WIrdT 3k, p' #OD
RLAVHEBEY—rEBEBRLOBICBEWVTAY RICEHADARELTWVWS,

(o004 1]

K5 (a) RUKS (b)) B3FNRFRGCIDLAIBFEZBILAZEELZHTONY FEE (
M4 (a) FOA~-A" BICH->T=NRVIFEE) OBEXRKTHDL. 5 (a) 75— FE
A5, 2e VOLEEK (p" ORIV VIO FEBRBICHY) 2HO2BE03Y
FEEOHEAKTHD, M5 (b)) Yy —+FEEN 4. 6 e VOLHEMBE UhNTWVLHEERSE
) ZEOEEONVIFEBEOBEAKTH S, M. K5 (a) RUTKS5 (b)) KBWT.
p' MORLAVHEBOLEERES., 2eVTHAHELELTWVS, k., W5 (a) RU
K5 (b)) RRINYIFEBSEIVWTNE, GIDLIPBEEZERLAZEEZGAXFERLEES
VEBEENICRT - FEBEVEHAOV. FLAYEEVIN—-1. 2VTHE3HBEHADLEDT
HaH, T, ®W5 (a) RUES (b)) LBV T., M3z EMNMo ke (FRErE) %
ZL,. MBRINELZRL, NJFERIBOEEZAPERARELRT. W5 (a) KRT &K
AW, F—FPEBMNS., 2e VOREMEHEEDES, — 1. 2VOFLAYEREVIH
BpmEhnsclicdd, p' BOFLAYEHLY—MEERELOBICBWVWT—1. 2V
DRELAYEREVIOSEIRNYEREP>TWVWE, — A, K5 (b)) KT &3, ¥
— FEBESNTOLEEBEE (4. 6eV) ZEODES. MTBROISKK. Y~ FEBOLSE
HBEEPFLAVHEBOLERHLEOZCHEYTZIEDOEL (-0, 6 V) BNEICEMT
FHEmEAEZREICBVWT—1. 2VORLAVEFEVIIVPEBNICHMENS D, 7
—FEMEFLASACHEBLEOMICE., K5 (a) CRTHFEELDEREABTENAMEI N
TW3Zkilhs, 20D, p' BEORLAVHEBEY - MEBBELOBIIBY 21N Y
Fo#hbes, M5 (a) RITBEIDEREL AL, ZOBE., NVFAERTHOME
ZHYTAERMESL, N5 (a) KRTHALHANTKREL A S,

(004 2]

LEWwWHEHLEELES K, pBEMISFETOERES, Y¥—FERBOLEBEHBNNETL< %3
K-> TEEAMOEROBENKRKEL XS, >T. Y— FEM1 08 DHMmMITHR
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ENEE2O0EBH 1 08BOE 2 OHBEBEHAEZRESLTCpROIIAT V¥ a YEE
104 2FE0pAR Y YA VDEIOHBEERIEITITRBIEICED, —NR=F v 7
BEHALKBIL2EEFAOEROBMELZBBRITZ LN TES,

(004 3]

¥, B1IOEREEKCBVLT, Y—FEBI1O0S8IKBUSHE1OEERN108ADML
HEH (4. 4eV) LE2OEEH108BOHHEBEH (4. 2eV) EoE (UTF,
HICAEBERELHRTS) 20, 2e VIERELEN, THhICBLT, ¥FEZ 1 O0me
VEEMSS500me VEEETOHHBEOHLEBEDODHEIKBERET A I EMNTES. LT,
nBEMISFETARBELT, HEBEHEZN1 Ome VEEM L NWE., KEHOGID
LEBRDRZERCELENTEZCLRLDVTHBET S, RERHEER., 1K RTEAER
FEOFEHREBOBEZNK L L THMESESIELCIDLOERZELEZ2ERY —7ER (
CGIDLARZEVWEEERY—IVERIPEMTS) LOBEBIKODVWTT NS AT I 2L —
YarvEFok, TRAARAYIal—yaviiBWTld, FLAYEEVIREL. 2V,
F—FPEEVgEOV, ERELE (V—REHE) 20V, F—NR—=S v FTHHBEADEZI %R
2nm, F20EEH108BOEBCEZS5Snm. TEEHEZ200meV, 1 50me
V, 100meV, 50meV, 30meV, 20meV, 10meV, Ome VIEHE
L. MW, TNAAYZIal—varyOERERLTVWS., B6IKRT XS5, E—
ORMEEETCHBELLEA, B1OEEHM1 08 AOHEBEN (B 1OAEFEBEE) LHE
LTHEZ2OEES 1 08BOHTEMEHR (F20FEBEEH) NS EZE->T, DD
HEEEREIREL GBS T, BV — VBRI NEL E>TWB, TTT., L%
EHEDN 1 Ome VOBEAETE, HEHEEPRVESELBLTERY - BHRSVNE
L TEoTWwWabCelDhb, nBMISFETIRBLTIE., AEEKEEN L Ome VU EH N
., ARPHOEWETSC IDLILERUEEBZCEENTEBZIEN NS,

{004 4]

M7, Y~ FPESAOSEMHE LT EERLEOBEERT., ITIKRT LI, nH#
MISFETO Y- EBILARBPEEZEHAITAHEA. Y~ FPEMW108DEHE1 ODEER I
O8ADERMELELT, TIiN, Mo, MoSiN, Ta, W, LaOXREZHWVWBZE&
MTE, B2O0HBH1OSBOEEAMKHELTR., nBERVIVIVEHNVBIENT
X%, ¥/ HTWRT &S, pEMISFETOY -+ RBELAHPLEEHT 256
CF—FEBI1O08OE20EEH 1 0SBOERMELELLT, TiN, MoSiN, R
w0, ., Ta, TaN, TaC., W, PtW., PthBAEHWVWBZLEMNTE, B20EER
l1OSBOEMBLELTE., pEKRIVYVAEHVWEILENTES,

(004 5]

BT, NIRRT AEBIEROLEXREBLHETZIDOHED I DODVTHBAT
5, B8 (a) ~(c) ., W9 (a) ~(c) RUK10 (a) ~ (c) WAREHWEED
YEREBOUEFFEOZIEEZ RIHMERTH 5.

{00 46]

FF,K8 (a) RT3, MIZETYVAVERKEOREBEHEERIL O LICAL Y
FAEZAVOTCVVER1O0OZ22ER LR, YEEAER1O01OEHEBICAFT VEA
EFHOVTCFy 2 NVEBE1032E/RT S, nBEMISFETOY 2 )VHEEKLO2KRUTF v
FINVEH1O0O3EZERTAESCE., AAERa YR pHARMHOAF U FEAERTS
o E72. pEMISFETOYZNVHEEKIO2RUFYy X NVEKIOIAERT Z2HHIC
. ARV HEOn B RM O >EAET S,

(004 7]

XK, B8 (b)) WrRdT Lok, YEXEEKR1O0L Lic, FIZAEABELECIDVDESZO
Ll ~5. 0nmOB{E YV aYEMNNLLZHEEERERB L O ZERLEE, HEKER
WEL1O06 Lic, IZIEH IO, BAhoh2EFBERB107TA2EHT S5, Hf O, ED
BRE., IAEHTFCl, ENH,; ZHW/*ZCVD (chemical vapor deposition ) &
XEEBROHIARAZHEVWECVDEILEDITS, BV, NTZ T LEYD X —
FwbrrzRWEXARRw )y 7FEICLED, N7V LBEZERLZE, SZEBENT
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U LEEBETACLICED, HIO, BEERLTEXL, 20Kk, BFEEBE1 0
7EIC, MAECVDEREODRY YV IAVIBTENLNTI 7AYVAUNLREBET20
OnmBEIXTOEER]I 40ZEHT 5,

(0048]
RIS, W8 (c¢) KART L3I, BEBR 14027 - PEBRERICREZ—=2T7 35
ECEST, ¥ -7 —bPEBIS0ZERT S, COELE, I —FEBIS500

NBUOEFRBLEBR 1O TRUHEBEEREB 1O EBRELTEEL,

[0049]

Ric, M9 (a) WRT LI, F2—= -1+ ERMIS50E2FAT7E LTALTVYEAE
Fo5CLkicE&n, FR—-F—1+EBIS500HBOFEERERIOIDEEBICZ Y AT
Yy avEEH1042ERT S, nEMISFETOIL ATy g YiE104%2ER
THHBWCE, FIAEREXZIY VA EOnBARMYOALT EALRITS, £/, pEM
ISFETOIZIZVAF>yYaYERI 043 FBRTIBEICIE. mzﬁﬁuyﬁg@p%
REHOA AV EARITS, M. THVAF o a VYEEKLIOO4D -5 3EEA (LT,
A—=N—=F vy THEALVS) TBVWIEXI—F—1F+EB]1500F vy 2VEHBO@EER
HEA—N—F v TTEII3KERTNTV S,

[0050]

R, M9 (b)) WRT XS, FI—F—1+EBIS500mATIKEREY 7 FY
—VAR—=H109%2EHKTE., BEAENICE, 9. HlAECVDEIRIEHIAI—»—1L
BEMIS5028BTA2XCEREEICEBLLY I VEEHBELZG, Y& oY
WAEAIZYF RN 2T 32L&, FR—F—F+ERIS500mMAUEICEEEY A FY 2
—WVAR—=H109%2EHKT S, Ric, #aEHEI A P T+ —VAX—=H 109 RUTXI—
F—b+rBEBIS50E2RATELTALTYEAETS LKLY, FE—F—FEBE150
PORTHEBET AR —VAR—F 1 090N RICHBTAELERERLIO1DED
Hic, T7R7FYyayBHE104K0DEBVEAEZETSBY—RXA - FLAVHEEL10S5
EEBRLEB, EASHERMT A EEEETE2ED07 - )VIEEHT. nfM
ISFETOYV—R+ RUAVHEILIOSEERTZIEAKCE., HIAXMEXRZY Vi

nBMAMMOAFTEAETS, £/, pEMISFETOY—Z« FLAVHEELO
S5EERTAERKCR. ARy 280 pBAHMOAF > EAETS,

[005 1]

K, W9 (c) WRT K5I, FI—F—1+EB15028> KS5ICFEEENRLO
LEC, flZECVDEIRIVEBELLYYVIUVILOEZEBEMBBREL 1L OEERT S, L
T. W2 CMP (chemical mechanical polishing ) EIC KD EI—-FV—1+ERE150
OLHEABHTA2ETEBREBREL 1 0ERET S, RIK, M1 0 (a) KRTKIIC,
BEERE 1 1 O0ODPSBHR LEFEI Y- EBRIS50ZT v F 7 ICEOBRELT, &
FEEBEI1O0TDFEDS—MaBEEZZEHIE S,

[o05 2]

R, W10 (b)) KRTEIIKC, FE—F7Y—1+EBIS500BECIDEREINTZM
HO(UF, Y= bPEBERAMBELVLS) 2EOEREEIC,. IAECVDEICKDEY
2~20nmoORYY O ELl 5 1 5HETS, 2T, nBEMISFETRZERT 3
BHEWKCE., KYVYYVaryBEI1I 5 1 En® A ER—TL., pBEMISFETEZERT S
ek, Buv Iy arBEL1Ls5 1KpEARMIE F—TF %,

(005 3]

KIZ, M10 (c) RT3 IZ, KUY YVarvEIS1EHLTIZYF NNy 7%FTS
CEIED, Y PEBERAMBOERBHICEREINTVWRHE2ERVWTRY Y aVE
151 Z2ZKBRETS. ChILEkD, Y= rEBEPRHAMEOBEEIC, NIRRTy —+EE
10OBDE2OEEHHIOSBIHERINS,

{005 4]

R, MIRKARTTY—FEBLIOSOEIODEEI108ALAZEBRICK>TY —
FPEBERAMBZEDAALLE, YZMHBALALEHFH YR EEELHAZECMPER
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Ko THETZICLIEED, MIKRFETF— T+ EBEENERT S, CTT. BE1OESE
H108AARAEEROMBLELTR., HeRB., A XE2BLAMEZAVE LN
TE%, BUHRME, FIZEA v R2) Y PHEICED, E10OESBE1 08 ALEZLEEE
LT, nBMISFETA2ERTAEASICIE. TIiNE, MoE. MoS i N, Ta
B, WEEXELaOBAaEZERL, pBEMISFETA2E®RTZEEICE., T i N,
MoSiNMB, RuO, B, Taflg, TaNB, TaCBE, WHE, PtWEXIEPtExX
EZEHKT 5.

(005 5]

DECHBLE, AEBEHEBICRIFELREBOMEAEE, Y— FEMHE1 08DFE?2
DEEHM1IOSBORABICE1IDEENL 1 08AZFERTACLEERLETZLOTH
D, UTOXIBMRE2ETS., §4h4bb, ¥ —FPEBI 502y F 7D
BRELTYY—FPEBERBMBRZERL., ¥EMERICT - MoGERE (BEFELE 107
) EEH IR %R, B20EEHI08BEABZERYIYaVEIS1IAEY— NEBER
AMEBRICHEBLTHERYV VYOI VELIS512IZyvF NNy 7T 332XV E2OESE
M1IO08BAEERLTWVWS, FLT, BE1OEEHR108ALALZEEBICE>THY—F
EMERAMEEZEDIAAR, TORBEHEDAEACMPEICE>THET R LICED, B
ODEBEH1OSAZFERLTVS, COXIKERIhEZYF—FEE1 08K, Y— &
M1OSDODFvyRXILVEFAOFRFLIMBELADE 1 DL EEHREZET A E 1 OEFH I
08AL, Y¥—F+ERBIOSOF YR NVEAAOBEBMBICMHABELAEDE 1 OTEEKLR
RE2F20HFEBZEITZ2E20EEN1 08BEIMLERINDS, o T, M1
R AEMPEOVEEREBILCIZ2GE, D0, F—FEFKERELTEEFMAMICEL
ZEBAOBER, A—N—Fy THBAKLBVWTERNICEBK TS EICE>TGIDL
EBRBTEBZEVIHMENBELNS,

(00 56]

o, AEBBECRILEREBOME KKK B L, ¥V —1+ZEB1 5008
EWLEOFERLEY - FEBRERAMBICE2OEEN 1 0O8SBRUE1IOEEHN1O0 8
AZIEREBDAGS, REPBOF—- PP EBEBEERNZ—Z VI IKE>TERTEZHED
KO3 ULEDLEALVDPELBELEEWHILET B ENTE S,

005 7]

Tl AEBPEBCHEAILEFEBOHSEAEICBVWT, M8 (b)) WRTITRERTY—
MEBRR X2 EERTB LI O RUEFEEH 10T EERLED., TR X T,
PlZABIELECEDEEO. 1 ~5. OnmOBILYIVIAVENMNLGEBEXTI—F— i
BEZERKL., K10 (a) CGRITETHEANI T - MaBEEXI - —MERE I
S50 RHRICBELER. Y- FPEBERAMBEOKES I, fIZREEBEROBRUEFEE
EWEhLRZ7 - FPEBEEEERLTE RV,

[o058]

(B1OEHmEEOERH)

LT, AHEOBE 1 OEHBLEOEEHCEHFEELEBICODVT. n®OMI SFE
TZHE LT, KuESBLANLHHEAT 3.,

(0059]

Hl11d, E10RBEREEOEREFHCEI LERLEBORELX R ITWHENTH S, M.
K1 lieBWT, RIKRITE1IOEMEELA-OBEREBERCIA—DOFEEZRNT &
&b, ERHTHHPEEKT 5.,

[0060]

M11ERTES>IE, AEEHACHEIHLEAEBIR IR TE I OEBEHRELRA >
TWaald, XOBOTHB, bbb, E1OEBEETE., Y¥—FEE108DF ¥
FIVEAHOBBTICMNETAE20EERL108BLN, Y¥—FEBE108DF ¥ 2IVE
FHOFRIMICMABIAZE I DEEEH 1 08ARZHDISCERENAT VR, EVHEZ 3
L EB20EBESH108BRY—rEHI O8DEHEKIc (F¥—FPEE108DLE
Mo FEET) ERENAT VR, ZHhAICHLT, AEEFTE., Y—FPEE1080DF v
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ANVEFAOBBHBICMUEBETAZE 20EBH 1 08BAEAERE107TDFEOTF— il
BECEBIZEISCEBRINTV 2EE, B1O0EBEELALTHEIH., E20EER
108BAHY—FEHRIOSDODLEHBICREREINTELT., HIDODEEH 108 ANE?2
DEBEHN108BLECEYINDBIILERINTVSIAN, B1LOEHRMERELEL ST
W3,

(o006 1]

Thbbt, BE1IOEMBETBERNEZAERICIAHRER, YF¥—rElRTROFE 1 OEFE
H1O8ALYF—FEBBETOE20EEBEH 1 08BERFAFNTY - MEGHEEELT
WhiE, B30 TH-> T, Y~ FPEBEBICBLWTIZREERNLEOISKEREINT
VWAERLEBEREEVDOTH B,

[o06 2]

M1 1KRTAEEAICHES FEREBLZHETI2H5E6. B1OERBEORLT O (c
) WRTTET., Y~ FPEBERHMAOBHE EMICERLETATVWERY Y ELS5
l3BFELTLEZAR IV, ThiCEh, KL 2RI &2, F—rPEBERBMED
BHOBE LHEEZBOT. F¥— FPEMRIO0OSDODE2OEERLI OSBAIERENS,
(006 3]

KEEMCHAILEERLEBOME AEILE S, 23— —+rEH1 502y F2 7
KEOVBELTY—-FPEHBBERAAMBEERL., YZMTBRKCTyY— MEBRE (5FELHE
107) ZEHEIREEB, E20EEM108BEAZRYYYaVEIS 1 AEY—FE
BMERBFAMERNICHEBLTYEZRY U aVE1I 5 12Ty F N N 7T B2 LICXDE?2
DEBH1OSBEEHR LEBECBLT, Y-~ EBEREMBOEEZZOMOEEET
IR TR EeHNTES, o T, ¥ZMBEFIODEEHT108ALEIHEBEBRICEL->T
HOAOEIC, YZEEHROEDAANEXBETZ LN TES, TOHER, Ry 2Y
VITEBREDANL Y VOBVWKBAEZAVWTE I OEENR1 08 ALRIEEREZE
WMETBBAICE, RAREZREIRZ AL, Y= FERBERBMEBIKE 1 OEELR 1
08ALLZZEBHEEHEDALTLENTES,

(006 4]

(B2 DEMEE)

LT, ARBOF2O0EMIBEICESI FEREFBICLDODVWT, nBOMISFETZHl &
LT, MEZSRBLADPLHET S,

(006 5]

K13, BE2O0OLEMPRLUEFEIVEREBOBEZ RIHANTSH S, M. K1 31
BLVT,. MIKFRTHEIOEBERRELEA -OBREZICRIA-OFEENT I LITkD,
EHETAHBHEEKT 5,

{006 6]

B13WKRTEIK, AEBMIBEBICHFLILEXKEBEIKIKRTE L OEBREELREL
STWVWa2HRE. ROBOTHB., §h8bb, BE1OERMEETWE., Y—PFPEHEL08DF
YRNVEAMOMKHICNETS2E208FEM108BRIERREZEL TV, T1
LT, RERPETR. BE208FHM1 08BAY—FEMMIOSDODF ¥ RNVEAM
OMBHBICMBLTVSRE. BE1OERBHERERLEALCTHAH. E2O0HEEHH1 08 BN
F—rEBR1O08DLEHA—FT—WKBLVTHOLLNTWVEEADN, F1OEMBRELEL -
TW3, MW, B2OEEH1IO0SBOEKRKOBVWIIERL T, EEY A FIYt+— AR
—H 1090 REFIOEHBERELETRELZ> T3,

[o06 7]

M1I3WKRITEREHBBVEOLEEREBIL I > TLE I ORBHRELEABRONREESC
LT E S,

[o06 8]

PF. B13ERTALEMIBEOLERLEELZHESTSZHDDHFED—FICTD W TEHRB
T5. 14 (a) ~(c) RUEL15 (a) ~ (c) BAEBBEOLEKEBOHE
FHEOBZR TLREZRITHEXRTH 5.
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(006 9]

¥, K14 (a) KRT I, FIZRYYVIAVERREOXEERERL O 1LITAF
VHEANEEZHOVTYIVER LI O22FRLEE, YEKEKRIOIOEEFHCA 4 T
AEZHOVWTF ¥y 2 )NVEE103ZERTS., nBMISFETOY x )VEEL102KRUTF
vy XANVEH 1 03FERTAEAICE, AIAER Y20 pBAMBOAF > ART
5, ¥/, pEMISFETO Y2 VEE I O2RUF vy X VERIO0OIEERT 284
i, B2 Y 2 onB Ry OL L EAETI .,

[o070]

K, W14 (b)) Wmd ki, ¥EEER1 01 Lic, IR EEABIELELCIDEX
0. 1 ~5. OnmOBYIAVEINCAIHEBERBBIOEER LZER., ik
HFmE1o6tLic, flAEHIO, BAhoAh2BFABBEEIOOTAEERT S, Hf 0, &
DERIZ, IAEHIC], ENH, L2 V/ZCVDE, XREBZROHTI AAZHAL
ECVDEIREDTI:, V. "NTJZOLENIORZR—F v rE2HVWERANNY 2Y 5
BEiLEb, ENToULBEEZERLEZE, SZEMNT U LBEEBILT ST LickD
HfO, BEERLTEL V., 20%, @FERHE 107 LI, I3 KRTIT—1+&E
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(21)Application number : 2001-291768 (71)Applicant : TOSHIBA CORP
(22)Date of filing : 25.09.2001 (72)Inventor : FUJIWARA IKUO
NISHIYAMA AKIRA
(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD
(57)Abstract:
PROBLEM TO BE SOLVED: To provide a semiconductor
device which mounts a plurality of transistors in which
gate insulating films having different characteristics are
formed differently formed according to the
characteristics without using a complicated process.
SOLUTION: A method for manufacturing the mey ¥
semiconductor device comprises a step of respectively ,

forming transistors Q1, Q2 of different gate insulating
film structures on regions A, B of a silicon substrate 51.

54 &
e ; o
? e ’;/ é
The gate insulating films of the transistors Q1, Q2 have g L A f’ g

a highly dielectric film 81, and interface layers 82a,83a [™ | e
formed by a reaction of the film 81 with the substrate o fos
51. The method further comprises a step of forming a
nitrogen ion implanting layer 64 on the surface of the
region A of the substrate before the film 81 is formed.
Thus, the growth of the layer 82a is suppressed so as to
be thinned as compared with the layer 83a of the region
B side.
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(54) FABRICATION OF SEMICONDUCTOR DEVICE

(57)Abstract:

PURPOSE: To deposit a gate oxide having two kinds of
thickness by forming an anti—oxidation layer covering
only a semiconductor substrate in a first forming region
and a gate electrode and forming a bird’s beak between
a second forming region and the gate electrode by wet
oxidation.

CONSTITUTION: Gate electrodes 12, 12’ are formed in
regions A, B. Insulating oxide layers 14, 14" are also
formed around the gate electrodes 12, 12'. After
depositing nitride 15 by about 100nm as an anti-
oxidation layer, the nitride is removed selectively from
the region B. Silicon oxide is then deposited on a
semiconductor substrate 11 in the region B by wet
oxidation. Consequently, the insulating oxide layer 14’
becomes thick on the surface and side face of the gate
electrode 12’ but a bird’'s beak is formed between the
gate electrode 12’ and the semiconductor substrate 11
and thereby a gate oxide layer 16" has a thickness of
12-16nm. With such method, semiconductor elements
having gate oxide layer of different thickness can be fabricated on a same semiconductor
substrate.
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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This is a continuation of PCT International Application PCT/JP2011/002868 filed
on May 24, 2011, which claims priority to Japanese Patent Application No. 2010-205599
filed on September 14, 2010. The disclosures of these applications including the
specifications, the drawings, and the claims are hereby incorporated by reference in their
entirety.

BACKGROUND

The present disclosure relates to semiconductor devices and methods for fabricating
the same, and more particularly, to a metal insulator semiconductor (MIS) device including a
gate insulating film formed on a semiconductor substrate and a gate electrode formed on the
gate insulating film, and a method for fabricating the MIS device.

In order to meet the demands for increased speed and reduced power consumption
of semiconductor integrated circuit devices, in respect of metal insulator semiconductor
field-effect transistors (MISFET, hereinafter referred to as MIS transistors), progress has been
made in reducing the thicknesses of gate insulating films. When silicon dioxide which has
been conventionally used is formed into a thin film for the purpose of reducing the thickness
of a gate insulating film, a gate leakage current caused by a tunnel current increases.
Consequently, an attempt to prevent depletion of a gate electrode has been made.
Specifically, the attempt has been carried out by reducing an equivalent oxide thickness
(EOT) by means of use of, instead of the silicon dioxide film, a so-called high dielectric
constant insulating film such as an HfO; film as the gate insulating film, and by employing a
so-called metal inserted poly silicon (MIPS) structure in which a polysilicon film serving as a

gate electrode and a gate insulating film sandwich a metal-containing film as part of the gate
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electrode (see, for example, T. Schram, et al., Novel Process To Pattern Selectively Dual
Dielectric Capping Layers Using Soft-Mask Only, Symp. On VLSI technology, 44 (2008)).
Note that the high dielectric constant insulating film refers to an insulating film having a
relative dielectric constant of, for example, 8 or more, which is higher than that of a silicon
nitride film.

A method for fabricating a conventional semiconductor device will be described
below with reference to FIGS. 11-13. This conventional semiconductor device includes a
complementary metal insulator semiconductor (CMIS) device composed of an n-type MIS
transistor and a p-type MIS transistor which are provided on an identical substrate. In this
device, a gate insulating film is made of an HfO; film, and a gate electrode has a MIPS
structure. FIGS. 11-13 are cross-sectional views (taken along a gate length direction)
illustrating sequential steps of the method for fabricating the conventional semiconductor
device. In FIGS. 11-13, “nMIS transistor region” shown at the left refers to a region where
the n-type MIS transistor is formed, and “pMIS transistor region” shown at the right refers to
a region where the p-type MIS transistor is formed.

First, as shown in FIG. 11, a pMIS transistor region and an nMIS transistor region
are defined by selectively forming a shallow trench isolation 101 in an upper portion of a
semiconductor substrate 100 of p-type silicon. Here, a portion of the semiconductor
substrate 100 surrounded by the shallow trench isolation 101 and located in the pMIS
transistor region serves as an active region 100a, and a portion of the semiconductor substrate
100 surrounded by the shallow trench isolation 101 and located in the nMIS transistor region
serves as an active region 100b.

Next, an n-type well region 121N is formed in the pMIS transistor region of the
semiconductor substrate 100, and a p-type well region 121P is formed in the nMIS transistor

region of the semiconductor substrate 100. Thereafter, photolithography and dry etching are
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performed to form a gate electrode 123a on the active region 100a in the pMIS transistor
region with a gate insulating film 122a interposed between the gate electrode 123a and the
active region 100a. The photolithography and the dry etching also form a gate electrode
123b on the active region 100b in the nMIS transistor region with a gate insulating film 122b
interposed between the gate electrode 123b and the active region 100b.

The gate insulating film 122a includes an interface layer 102a made of a silicon
dioxide film, a high dielectric constant insulating film (hereinafter, referred to as a high-k
film) 103a formed on the interface layer 102a and made of an HfO, film, and a pMIS cap film
104a formed on the high-k film 103a. The gate insulating film 122b includes an interface
layer 102b made of a silicon dioxide film, a high-k film 103b formed on the interface layer
102b and made of an HfO,; film, and an nMIS cap film 104b formed on the high-k film 103b.
The pMIS cap film 104a and the nMIS cap film 104b enable control of a work function of
each of the gate electrodes 123a and 123b.

The gate electrode 123a includes a metal film 106a and a polysilicon film 107a
formed on the metal film 106a. The gate electrode 123b includes a metal film 106b and a
polysilicon film 107b formed on the metal film 106b.

Next, as shown in FIG. 12, extension regions 108a are formed at both sides of the
gate electrode 123a by introducing a p-type impurity into the pMIS transistor region of the
semiconductor substrate 100, and extension regions 108b are formed at both sides of the gate
electrode 123b by introducing an n-type impurity into the nMIS transistor region of the
semiconductor substrate 100.

After a silicon dioxide film and a silicon nitride film are sequentially deposited on
the entire surface of the semiconductor substrate 100, the deposited silicon nitride film and
the deposited silicon dioxide film are subjected to anisotropic etching. Consequently, as

shown in FIG. 13, sidewall spacers 111a including a silicon dioxide film 109a and a silicon
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nitride film 110a are formed on both side surfaces of the gate electrode 123a, and sidewall
spacers 111b including a silicon dioxide film 109b and a silicon nitride film 110b are formed
on both side surfaces of the gate electrode 123b. Thereafter, source/drain regions 112a are
formed at both sides of the gate electrode 123a sandwiched between the sidewall pacers 111a
by introducing a p-type impurity into the pMIS transistor region of the semiconductor
substrate 100, and source/drain regions 112b are formed at both sides of the gate electrode
123b sandwiched between the sidewall pacers 111b by introducing an n-type impurity into the
nMIS transistor region of the semiconductor substrate 100. In this manner, the CMIS device
is formed through the foregoing steps.

SUMMARY

Using the above CMIS device, transistors different in threshold voltage (Vth) can
be formed in a semiconductor integrated circuit, and a semiconductor integrated circuit device
with improved performance can be produced by employing a low-Vth transistor in a circuit
requiring high-speed performance and a high-Vth transistor in a circuit requiring a reduced
standby leakage current.

FIG. 14 shows a relationship between an effective work function and a saturation
current in transistors. Specifically, in each transistor, an impurity in a transistor channel is
adjusted to allow the saturation current to be maximized at each value of the effective work
function which is varied. In FIG. 14, the dashed lines indicate the saturation cﬁrrents of the
transistors corresponding to each of two different source off leakage currents.

As shown in FIG. 14, the effective work function wvalue at which a maximum
saturation current is obtained in the nMIS transistor is different from the effective work
function value at which a maximum saturation current is obtained in the pMIS transistor.
FIG. 14 also shows that, even between transistors of the same conductivity type, a difference

in the source off leakage current causes the saturation currents to be maximized at different
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effective work function values.

Note that the “effective work function” is a work function obtained from electrical
characteristics of a MIS transistor. Specifically, the effective work function is obtained by
incorporating influence such as a level in an insulating film into a work function related to
physical properties and representing a difference between a vacuum level and an energy level
of a metal.  The “saturation current” shown in FIG. 14 corresponds to a driving current per
gate width unit, and represents a driving force of each transistor.

Meanwhile, when an effective work function of an nMIS transistor is too low and
an effective work function of a pMIS transistor is too high relative to desired source off
leakage current and threshold voltage (Vth), a concentration of an impurity in a channel needs
to be increased, and accordingly, a saturation current decreases. When an effective work
function of an nMIS transistor is too high and an effective work function of a pMIS transistor
is too low relative to desired source off leakage current and Vth, an insufficient amount of an
impurity for regulating the Vth can be introduced into a channel. In such a case,
subthreshold characteristic deteriorates, and accordingly, a saturation current decreases under
conditions with a constant source off leakage current.

Accordingly, in a semiconductor integrated circuit device requiring two or more
threshold voltages, gate structures having different work functions need to be formed in a
single chip in order to maximize a transistor driving force at each threshold voltage.

However, the above-discussed method for fabricating the conventional
semiconductor device allows nMIS transistors to have only one work function and pMIS
transistors to have only one work function.

It is therefore an object of the present disclosure to enable formation of a plurality
of transistors of the same conductivity type having different work functions in a

semiconductor device having a MIS structure in which a high-k film is used as a gate
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insulating film.

To achieve the object, the inventors of the present application studied methods for
forming gate structures (a gate structure includes a stack of a gate insulating film and a gate
electrode) having different work functions. Specifically, the inventors studied a method in
which the thicknesses of an nMIS cap film and pMIS cap film are changed, and a method in
which transistors were designed to have metal electrodes of different types. However, these
methods were found not to be practical because they consisted of significantly increased
number of steps.

As a result of further studies, the inventors have found the following. Thus, gate
structures are allowed to have different work functions by increasing the thickness of an
interface layer constituting the lowest layer of a gate insulating film by means of selective
oxidation which is performed after formation of the gate structures.

Specifically, a semiconductor device of the present disclosure includes a first MIS
transistor and a second MIS transistor of an identical conductivity type provided on an
identical semiconductor substrate, wherein the first MIS transistor includes a first gate
insulating film formed on a first active region in the semiconductor substrate and a first gate
electrode formed on the first gate insulating film, the second MIS transistor includes a
second gate insulating film formed on a second active region in the semiconductor substrate
and a second gate electrode formed on the second gate insulating film, the first gate
insulating film includes a first interface layer being in contact with the semiconductor
substrate and a first high dielectric constant insulating film formed on the first interface
layer, the second gate insulating film includes a second interface layer being in contact with
the semiconductor substrate and a second high dielectric constant insulating film formed on
the second interface layer, and the first interface layer has a thickness larger than that of the

second interface layer.
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In the semiconductor device of the present disclosure, the interface layer included in
the gate insulating film of the first MIS transistor has a thickness larger than that of the
interface layer included in the gate insulating film of the second MIS transistor which is of the
same conductivity type as the first MIS transistor. Accordingly, since an EOT of the gate
insulating film of the first MIS transistor increases, an effective work function of the first MIS
transistor increases. Therefore, according to the present disclosure, a plurality of transistors
of an identical conductivity type having different effective work functions can be formed in a
semiconductor device having a MIS structure in which a high-k film is used as a gate
insulating film.

In the semiconductor device of the present disclosure, the first gate electrode
may include first sidewall spacers formed on side surfaces thereof and first insulating
spacers interposed between the first gate electrode and the first sidewall spacers, the
second gate electrode may include second sidewall spacers formed on side surfaces
thereof and second insulating spacers interposed between the second gate electrode
and the second sidewall spacers, and the first insulating spacers may be thinner than
the second insulating spacers. In this structure, after formation of the gate structures and
before formation of the side spacers, the thickness of the interface layer included in the gate
insulating film of the first MIS transistor can be increased by performing selective oxidation.
In such a case, the first insulating spacers may be offset spacers each having an I-shaped
cross section, and the second insulating spacers may be underlying spacers each
having an L-shaped cross section. In addition, the first gate electrode may include
a first metal-containing film formed on the first high dielectric constant insulating
film and a first silicon film formed on the first metal-containing film, the second gate
electrode may include a second metal-containing film formed on the second high

dielectric constant insulating film and a second silicon film formed on the second
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metal-containing film, a silicon dioxide film may be interposed between the first
silicon film and the first insulating spacers, and the second silicon film may be in
contact with the second insulating spacers. Here, a first metal silicide layer may be
formed on the first silicon film, and a second metal silicide layer may be formed on
the second silicon film. Further, a silicon dioxide film may also be interposed
between the first active region and the first sidewall spacers. Furthermore, each of
the first insulating spacers and the second insulating spacers may be made of a
silicon nitride film.

In the semiconductor device of the present disclosure, the first and second MIS
transistors may be pMIS transistors, and the first and second high dielectric constant
insulating films may contain aluminum. In such a case, the first gate insulating film
may further include a first cap film formed on the first high dielectric constant insulating
film and containing aluminum, and the second gate insulating film may further include a
second cap film formed on the second high dielectric constant insulating film and
containing aluminum.

In the semiconductor device of the present disclosure, the first and second MIS
transistors may be nMIS transistors, and the first and second high dielectric constant
insulating films may contain lanthanum. In such a case, the first gate insulating film
may further include a first cap film formed on the first high dielectric constant insulating
film and containing lanthanum, and the second gate insulating film may further include a
second cap film formed on the second high dielectric constant insulating film and
containing lanthanum. The first and second high dielectric constant insulating films
and the first and second cap films may contain, instead of lanthanum, dysprosium
(Dy), scandium (Sc), or gadolinium (Gd).

In the semiconductor device of the present disclosure, each of the first and second
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high dielectric constant insulating films may contain hafnium or zirconium.

In the semiconductor device of the present disclosure, each of the first and second
interface layers may be made of a silicon dioxide film.

In the semiconductor device of the present disclosure, the first and second high
dielectric constant insulating films may be substantially equal in thickness. The
first and second gate electrodes may be made of a substantially identical material.
Thus, in the semiconductor device of the present disclosure, the first and second MIS
transistors may have a substantially identical gate structure except for the thicknesses of the
interface layers.

In the semiconductor device of the present disclosure, an effective work function of
the first MIS transistor may be higher than an effective work function of the second MIS
transistor.

A method for fabricating the semiconductor device of the present disclosure
includes: a step (a) of forming an interface layer, a high dielectric constant insulating film,
and a gate electrode material film in a sequential manner on a semiconductor substrate
including a first active region and a second active region; a step (b) of patterning the gate
electrode material film, the high dielectric constant insulating film, and the interface layer to
form a first gate electrode of the gate electrode material film on the first active region with a
first gate insulating film including the interface layer and the high dielectric constant
insulating film and interposed between the first gate electrode and the first active region, and
to form a second gate electrode of the gate electrode material film on the second active region
with a second gate insulating film including the interface layer and the high dielectric constant
insulating film and interposed between the second gate electrode and the second active
region; and the step (c) of increasing the thickness of the interface layer of the first gate

insulating film in a selective manner, after the step (b).
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According to the method for fabricating the semiconductor device of the present
disclosure, the thickness of the interface layer of the first MIS transistor is selectively
increased. Consequently, the EOT of the gate insulating film of the first MIS transistor
increases, and the effective work function of the first MIS transistor increases. Therefore, a
plurality of transistors of an identical conductivity type and different from each other in
effective work function can be formed in a semiconductor device having a MIS structure in
which a high-k film is used as a gate insulating film.

In the method for fabricating the semiconductor device of the present disclosure, the
step {c) may include a step where, after covering the first and second gate electrodes with an
insulating film, a portion of the insulating film covering the first gate electrode is selectively
etched, and then, the interface layer of the first gate insulating film is selectively oxidized to
increase in thickness. This step ensures that the thickness of the interface layer included in
the gate insulating film of the first MIS transistor is selectively increased. In such a case, the
insulating film covering the first and second gate electrodes may be a silicon nitride film, for
example. A heat treatment or a plasma treatment may be performed in an oxygen-containing
atmosphere to increase the thickness of the interface layer included in the gate insulating film
of the first MIS transistor in a selective manner. In addition, the gate electrode material film
may include a metal-containing film formed on the high dielectric constant insulating film
and a silicon film formed on the metal-containing film. In the step (c¢), a silicon dioxide film
may be formed to be interposed between the insulating film remaining on the side surfaces of
the first gate electrode and the silicon film of the first gate electrode.

The method for fabricating the semiconductor device of the present disclosure may
include a step of forming a cap film containing a metal for adjusting a threshold voltage (Vth)
on the high dielectric constant insulating film between formation of the high dielectric

constant insulating film and formation of the gate electrode material film.
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As described above, the present disclosure enables formation of a plurality of
transistors of the same conductivity type and different from each other in work function in a
semiconductor device having a MIS structure in which a high-k film is used as a gate
insulating film. Therefore, the present disclosure is useful as a semiconductor device having
a CMIS structure including a plurality of MIS transistors different in threshold voltage (Vth),
and for fabricating the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view (taken along a gate length direction) illustrating a
step of a method for fabricating a semiconductor device according to an embodiment of the
present disclosure.

FIG. 2 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 3 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 4 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 5 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 6 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of

the present disclosure.
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FIG. 7 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 8 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 9 is a cross-sectional view (taken along a gate length direction) illustrating a
step of the method for fabricating the semiconductor device according to the embodiment of
the present disclosure.

FIG. 10 is a graph showing a relationship between an equivalent oxide thickness
(EOT) and a transistor effective work function of a semiconductor device of an embodiment.

FIG. 11 shows a cross-sectional view (taken along a gate length direction)
illustrating a steps of a method for fabricating a conventional semiconductor device.

FIG. 12 shows a cross-sectional view (taken along a gate length direction)
illustrating a steps of the method for fabricating the conventional semiconductor device.

FIG. 13 shows a cross-sectional view (taken along a gate length direction)
illustrating a steps of the method for fabricating the conventional semiconductor device.

FIG. 14 is a graph showing a relationship between an effective work function and a
saturation current of a transistor in which a channel dose is changed whereas a source off
leakage current is kept constant.

DETAILED DESCRIPTION

A semiconductor device according to an embodiment of the present disclosure and a
method for fabricating the same are described with reference to the drawings.

FIGS. 1-9 are cross-sectional views (taken along a gate length direction) illustrating

steps of the method for fabricating a semiconductor device of this embodiment. Note that
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each of FIGS. 1-9 shows, in the order from right to left, the following regions: “First pMIS
transistor region” referring to a region where a first pMIS transistor is to be formed, “Second
pMIS transistor region,” referring to a region where a second pMIS transistor is to be formed,
“First nMIS transistor region” referring to a region where a first nMIS transistor is to be
formed, and “Second nMIS transistor region” referring to a region where a second nMIS
transistor is to be formed.

In this embodiment, for example, the first pMIS transistor and the second nMIS
transistor are used as low-Vth (e.g., 0.1-0.25 V) transistors which are required for high-speed
performance, and the second pMIS transistor and the first nMIS transistor are used as
high-Vth (e.g., 0.35-0.5 V) transistors which are required for reducing a standby leakage
current.

First, as shown in FIG. I, pMIS transistor regions and nMIS transistor regions are
defined by selectively forming an isolation region 1 made of, for example, a shallow trench
filled with a silicon dioxide film in an upper portion of a semiconductor substrate 50 of, for
example, p-type silicon. Here, a portion of the semiconductor substrate 50 surrounded by
the isolation region 1 and located in the first pMIS transistor region serves as an active region
50a, and a portion of the semiconductor substrate SO surrounded by the isolation region 1 and
located in the second pMIS transistor region serves as an active region 50b. A portion of the
semiconductor substrate 50 surrounded by the isolation region 1 and located in the first nMIS
transistor region serves as an active region 50c, and a portion of the semiconductor substrate
50 surrounded by the isolation region 1 and located in the second nMIS transistor region
serves as an active region 50d.

Next, an n-type well region 51N is formed by introducing an n-type impurity such
as arsenic into the first and second pMIS transistor regions of the semiconductor substrate 50

by means of ion implantation. A p-type well region 51P is formed by introducing a p-type
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impurity such as boron into the first and second nMIS transistor regions of the semiconductor
substrate 50 by means of ion implantation. The concentrations of the n-type impurity may
be different between the pMIS transistor region and the second pMIS transistor region. The
concentration of the p-type impurity may be different between the first nMIS transistor region
and the second nMIS transistor region.

Thereafter, an interface layer 2 with a thickness of about 0.8 nm of, for example, a
silicon dioxide film and a high dielectric constant insulating film (a high-k film) 3 with a
thickness of about 1.2 nm including, for example, Hf or Zr and O are sequentially formed on
the semiconductor substrate 50 including the MIS transistor regions.

A pMIS cap film 4 including, for example, aluminum (Al) and oxygen (O) is
formed on the high-k film 3, and then, a portion of the pMIS cap film 4 covering the first and
second nMIS transistor regions is removed. Subsequently, an nMIS cap film 4’ including,
for example, lanthanum (La) and O is formed on the high-k film 3 and the pMIS cap film 4,
and then, a portion of the nMIS cap film 4’ covering the first and second pMIS transistor
region is removed. The pMIS cap film 4 includes, for example, Al as a regulator metal
capable of increasing effective work functions of the pMIS transistors. The nMIS cap film
4’ includes, for example, La as a regulator metal capable of increasing effective work
functions of the nMIS transistors.

A metal-containing film 6 with a thickness of about 5 nm including, for example, N
and a metal such as Ti, Ta or Ru, and a silicon film 7 with a thickness of about 60 nm of, for
example, polysilicon are sequentially formed on the pMIS cap film 4 and the nMIS cap film
4.

Next, the silicon film 7, the metal-containing film 6, the pMIS cap film 4, the nMIS
cap film 4°, the high-k film 3, and the interface layer 2 are subjected to photolithography and

dry etching to be patterned. The photolithography and dry etching form the structure shown
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in FIG. 2. Specifically, a gate electrode 53a is formed on the active region 50a in the first
pMIS transistor region with a gate insulating film 52a interposed between the gate electrode
53a and the active region 50a. A gate electrode 53b is formed on the active region 50b in the
second pMIS transistor region with a gate insulating film 52b interposed between the gate
electrode 53b and the active region 50b. A gate electrode 53c is formed on the active region
50c in the first nMIS transistor region with a gate insulating film 52c¢ interposed between the
gate electrode 53¢ and the active region 50c. A gate electrode 53d is formed on the active
region 50d in the second nMIS transistor region with a gate insulating film 52d interposed
between the gate electrode 53d and the active region 50d.

The gate insulating film 52a includes an interface layer 2a, a high-k film 3a, and a
pMIS cap film 4a. The gate insulating film 52b includes an interface layer 2b, a high-k film
3b, and a pMIS cap film 4b. The gate insulating film 52c includes an interface layer 2c, a
high-k film 3c, and an nMIS cap film 4c. The gate insulating film 52d includes an interface
layer 2d, a high-k film 3d, and an nMIS cap film 4d.

The gate electrode 53a includes a metal-containing film 6a and a silicon film 7a.
The gate electrode 53b includes a metal-containing film 6b and a silicon film 7b. The gate
electrode 53¢ includes a metal-containing film 6¢ and a silicon film 7c. The gate electrode
53d includes a metal-containing film 6d and a silicon film 7d.

Next, as shown in FIG. 3, an insulating film 8 with a thickness of about 6 nm of, for
example, a silicon nitride film is formed on the entire surface of the semiconductor substrate
50 inclusive of the upper surfaces of the gate electrodes 53a, 53b, 53¢ and 53d.

Using a resist pattern (not shown) which exposes the second pMIS transistor region,
a p-type impurity such as boron is introduced into the semiconductor substrate 50 by means of
ion implantation. Consequently, as shown in FIG. 4, p-type extension regions 9b are formed

under both sides of the gate electrode 53b in the active region 50b. The resist pattern is
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removed after formation of the p-type extension regions 9b. Here, concerning conditions of
the ion implantation, an implantation energy is 0.8 keV and a dose is 1x10" em™, for
example. Germanium (Ge) and carbon (C) may be implanted in the second pMIS transistor
region of the semiconductor substrate 50 before the ion implantation of the p-type impurity
such as boron. In such a case, Ge may be implanted, for example, at an implantation energy
of 5 keV and a dose of 5x10'* ¢cm™, and C may be implanted, for example, at an implantation
energy of 2 keV and a dose of 5x10" cm

Next, using a resist pattern (not shown) which exposes the second nMIS transistor
region, an n-type impurity such as arsenic is introduced into the semiconductor substrate 50
by means of ion implantation. Consequently, n-type extension regions 9d are formed under
both sides of the gate electrode 53d in the active region 50d. The resist pattern is removed
after formation of the n-type extension regions 9d. Here, concerning conditions of the ion
implantation, an implantation energy is 1.2 keV and a dose is 1x10"> em™, for example. Ge
and C may be implanted in the second nMIS transistor region of the semiconductor substrate
50 before the ion implantation of the n-type impurity such as arsenic. In such a case, Ge
may be implanted, for example, at an implantation energy of 5 keV and a dose of 5x10"
cm™2, and C may be implanted, for example, at an implantation energy of 2 keV and a dose of
5%10" em™.

As shown in FIG. 5, after forming a resist pattern 11 covering the second pMIS
transistor region and the second nMIS transistor region by photolithography, the insulting
film 8 is subjected to dry etching with the resist pattern 11 used as a mask. This dry etching
forms offset spacers 8a each having an I-shaped cross-section on the side surfaces of the gate
electrode 53a located in the first pMIS transistor region, and offset spacers 8c each having an
I-shaped cross-section on the side surfaces of the gate electrode 53c located in the first nMIS

transistor region. In this step, each of the offset spacers 8a and 8c has a thickness of about
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2.5 nm, which is smaller than the original thickness (e.g., about 6 nm) of the insulating film 8.

After removing the resist pattern 11, the semiconductor substrate 50 is subjected to
an oxidation treatment in, for example, plasma composed of a gas containing oxygen and at,
for example, about 400°C. Consequently, as shown in FIG. 6, the thickness of the interface
layer 2a of the gate insulating film 52a in the first pMIS transistor region increases, from both
sides thereof, by about 0.3 nm, and the thickness of the interface layer 2c of the gate
insulating film 52c in the first nMIS transistor region increases, from both sides thereof, by
about 0.3 nm. These interface layers with the increased thickness are denoted by reference
characters 2A and 2C, respectively. Even after the thick interface layers 2A and 2C are
formed, the thicknesses of the high-k films 3a and 3¢ remain substantially unchanged. Thus,
each of the high-k films 3a, 3b, 3¢, and 3d continues to have substantially the same thickness
after the thick interface layers 2A and 2C are formed.

Further, in the step shown in FIG. 6, a silicon dioxide film 13a with a thickness of
about 0.3 nm is formed on the upper surface and the side surfaces of the silicon film 7a of the
gate electrode 53a located in the first pMIS transistor region. A silicon dioxide film 13c
with a thickness of about 0.3 nm is also formed on the upper surface and the side surfaces of
the silicon film 7¢ of the gate electrode 53c located in the first nMIS transistor region.
Specifically, the resultant silicon dioxide film 13a is interposed between the silicon film 7a of
the gate electrode 53a located in the first pMIS transistor region and the offset spacers 8a, and
the resultant silicon dioxide film 13c is interposed between the silicon film 7c¢ of the gate
electrode 53c located in the first nMIS transistor region and the offset spacers 8c. In
addition, a silicon dioxide film 13a with a thickness of about 0.3 nm is also formed on the
surfaces of portions of the active region 50a located at both sides of the gate electrode 53a,
and a silicon dioxide film 13c with a thickness of about 0.3 nm is also formed on the surfaces

of portions of the active region 50c located at both sides of the gate electrode 53c.
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The interface layer 2a of the gate insulating film 52a and side portions of the silicon
film 7a of the gate electrode 53a are oxidized by oxygen having passed through the offset
spacers 8a, and the interface layer 2c of the gate insulating film 52c¢ and side portions of the
silicon film 7c of the gate electrode 53¢ are oxidized by oxygen having passed through the
offset spacers 8c.

On the other hand, in the step shown in FIG. 6, since the gate structures of the
second pMIS transistor region and the second nMIS transistor region are covered by the
insulating film 8 having a thickness of about 6 nm, the interface layer 2b of the gate insulating
film 52b located in the second pMIS transistor region and the interface layer 2d of the gate
insulating film 52d located in the second nMIS transistor region do not increase in thickness.

The interface layers 2a and 2c are oxidized through the treatment carried out using
plasma in an oxygen-containing atmosphere in this embodiment. Alternatively, a heat
treatment at about 600°C in an oxygen-containing atmosphere may be performed.

Using a resist pattern (not shown) which exposes the first pMIS transistor region, a
p-type impurity such as boron is introduced into the semiconductor substrate 50 by means of
ion implantation. Consequently, as shown in FIG. 7, p-type extension regions 9a are formed
under both sides of the gate electrode 53a in the active region 50a. The resist pattern is
removed after formation of the p-type extension regions 9a. Here, concerning conditions of
the ion‘implamation, an implantation energy is 0.8 keV and a dose is 1x10" cm™, for
example. Ge and C may be implanted in the first pMIS transistor region of the
semiconductor substrate 50 before the ion implantation of the p-type impurity such as boron.
In such a case, Ge may be implanted, for example, at an implantation energy of 5 keV and a
dose of 510" ¢cm™, and C may be implanted, for example, at an implantation energy of 2
keV and a dose of 5x10"* cm™.

Next, using a resist pattern (not shown) which exposes the first nMIS transistor
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region, an n-type impurity such as arsenic is introduced into the semiconductor substrate 50
by means of ion implantation. Consequently, n-type extension regions 9c¢ are formed under
both sides of the gate electrode 53¢ in the active region 50¢. The resist pattern is removed
after formation of the n-type extension regions 9c. Here, concerning conditions of the ion
implantation, an implantation energy is 1.2 keV and a dose is 1x10'7 cm™, for example. Ge
and C may be implanted in the first nMIS transistor region of the semiconductor substrate 50
before the ion implantation of the n-type impurity such as arsenic. In such a case, Ge may

2

be implanted, for example, at an implantation energy of 5 keV and a dose of 5x10'* cm™, and

C may be implanted, for example, at an implantation energy of 2 keV and a dose of 5x10"
cm 2.

A silicon dioxide film and a silicon nitride film are sequentially deposited on the
entire surface of the semiconductor substrate 50, and then, the deposited silicon nitride film
and the deposited silicon dioxide film are etched back. Consequently, as shown in FIG. 8,
sidewall spacers 18a, 18b, 18c, and 18d are formed on both sides of the gate electrodes 53a,
53b, 53¢, and 53d, respectively. Each of the sidewall spacers 18a includes an inner sidewall
spacer 16a of a silicon dioxide film with an L-shaped cross section and an outer sidewall
spacer 17a of a silicon nitride film formed on the inner sidewall spacer 16a. Each of the
sidewall spacers 18b includes an inner sidewall spacer 16b of a silicon dioxide film with an
L-shaped cross section and an outer sidewall spacer 17b of a silicon nitride film formed on the
inner sidewall spacer 16b. Each of the sidewall spacers 18c includes an inner sidewall
spacer 16c¢ of a silicon dioxide film with an L-shaped cross section and an outer sidewall
spacer 17c of a silicon nitride film formed on the inner sidewall spacer 16c. Each of the
sidewall spacers 18d includes an inner sidewall spacer 16d of a silicon dioxide film with an

L-shaped cross section and an outer sidewall spacer 17d of a silicon nitride film formed on the

inner sidewall spacer 16a
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In the step shown in FIG. 8, the insulating film 8 remaining in the second pMIS
transistor region and the second nMIS transistor region is also etched back. Consequently,
an underlying spacer 8b with an L-shaped cross section is formed between the gate electrode
53b and an associated one of the sidewall spacers 18b (the inner sidewall spacers 16b). At
the same time, an underlying spacer 8d with an L-shaped cross section is formed between the
gate electrode 53d and an associated one of the sidewall spacers 18d (the inner sidewall
spacers 16d). The underlying spacers 8b are in contact with the silicon film 7b of the gate
electrode 53b. The underlying spacers 8d are in contact with the silicon film 7d of the gate
electrode 53d. The thicknesses of the underlying spacers 8b and 8d are approximately the
same as the original thickness (e.g., about 6 nm) of the insulating film 8, and larger than the
thicknesses (e.g., about 2.5 nm) of the offset spacers 8a and 8c.

In the step shown in FIG. 8, the silicon dioxide film 13a present on the upper face
of the gate electrode 53a and on the active region 50a and the silicon dioxide film 13c present
on the upper face of the gate electrode 53¢ and on the active region 50c are also etched back.
Consequently, the offset spacers 8a and the remaining silicon dioxide film 13a are interposed
between the side surfaces of the gate electrode 53a and the sidewall spacers 18a, and the
remaining silicon dioxide film 13a is also interposed between the active region 50a (the
p-type extension regions 9a) and the sidewall spacers 18a. The offset spacers 8c and the
remaining silicon dioxide film 13c are interposed between the side surfaces of the gate
electrode 53¢ and the sidewall spacers 18c, and the remaining silicon dioxide film 13c is also
interposed between the active region 50c (p-type extension regions 9c) and the sidewall
spacers 18c.

Using a resist pattern (not shown) which exposes the first and second pMIS
transistor regions, a p-type impurity such as boron is introduced into the semiconductor

substrate 50 by means of ion implantation. Consequently, as shown in FIG. 9, p-type
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source/drain regions 19a are formed under the outer sides of the sidewall spacers 18a in the
active region 50a, and p-type source/drain regions 19b are formed under the outer sides of the
sidewall spacers 18b in the active region 50b. The resist pattern is removed after formation
of the p-type source/drain regions 19a and 19b. Here, concerning conditions of the ion
implantation, an implantation energy is 1.6 keV and a dose is 1x10" em™, for example. Ge
may be implanted in the first and second pMIS transistor regions of the semiconductor
substrate 50 before the ion implantation of the p-type impurity such as boron. In such a
case, Ge may be implanted, for example, at an implantation energy of 10 keV and a dose of
5%10" cm™.

Next, using a resist pattern (not shown) which exposes the first and second nMIS
transistor regions, an n-type impurity such as arsenic is introduced into the semiconductor
substrate 50 by means of ion implantation. Consequently, n-type source/drain regions 19¢
are formed under the outer sides of the sidewall spacers 18c in the active region 50c, and
n-type source/drain regions 19d are formed under the outer sides of the sidewall spacers 18d
in the active region 50d. The resist pattern is removed after formation of the n-type
source/drain regions 19c and 19d. Here, concerning conditions of the ion implantation, an
implantation energy is 10 keV and a dose is 1x10" cm™?, for example.

Thereafter, annealing is performed at about 1000°C, thereby activating the
impurities which have been introduced by means of ion implantation. In this step, Al
contained in the pMIS cap films 4a and 4b diffuses into the high-k films 3a and 3b.
These Al-containing high-k films are denoted by reference characters 3A and 3C,
respectively. At the same time, La contained in the nMIS cap films 4c¢ and 4d
diffuses into the high-k films 3¢ and 3d. These La-containing high-k films are
denoted by reference characters 3C and 3D, respectively.

After a metal film of, for example, Ni is deposited on the entire surface of the
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semiconductor substrate 50, annealing is performed at about, for example, 260°C. The
surface portions of the silicon films 7a, 7b, 7c, and 7¢ of the gate electrodes 53a, 53b, 53¢,
and 53d, the surface portions of the p-type source/drain regions 19a and 19b, and the surface
portions of the n-type source/drain regions 19c and 19d are caused to react with the deposited
metal film to form metal silicide layers 20a, 20b, 20c, and 20d. Thereafter, unreacted
portions of the metal film are removed. A CMIS structure is formed through the above
steps.

FIG. 10 shows the relationship between an equivalent oxide thickness (EOT) and an
effective work function of each of the transistors of this embodiment. As shown in FIG. 10,
the first pMIS transistor and the first nMIS transistor, because of the thick interface layers 2A
and 2C, show an increase in equivalent oxide thickness and an increase in effective work
function, compared to the second pMIS transistor and the second nMIS transistor. Reason
for the increases in equivalent oxide thickness and effective work function will be discussed
below.

For example, a heat treatment performed in a step causes oxygen contained in a
high-k film including, for example, HfO; to diffuse and escape from the high-k film.
Accordingly, an interface dipole is formed between the high-k film and an interface layer.
Formation of the dipole is considered to cause effective work functions to decrease in the both
of a pMIS transistor and an nMIS transistor.

On the other hand, as described in the step shown in FIG. 6, in respect of the first
pMIS transistor and the first nMIS transistor, the gate electrodes 53a and 53c are exposed to
an oxidation atmosphere with both sides surfaces covered with the thin offset spacers 8a and
8c. Accordingly, the interface layers 2a and 2c¢ increase in thickness to be denoted by
reference characters 2A and 2C. The interface layers 2A and 2C containing sufficient

oxygen supply a sufficient amount of oxygen to the high-k films 3a and 3c (in which the
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metal have not yet diffused from the cap films), thereby reducing detachment of oxygen from
the high-k films 3a and 3c. As a result, the dipole is unlikely to be formed, and the effective
work function of each of the first pMIS transistor and the first nMIS transistor can be set high.

In the first nMIS transistor with a high etfective work function, a source off leakage
current is reduced since a threshold voltage (Vth) increases. Thus, the first nMIS transistor
can be used for reducing a leakage current. In the first pMIS transistor with a high effective
work function, a driving force increases since a threshold voltage (Vth) decreases. Thus, the
first pMIS transistor can be used for increasing the driving force.

As described above, in this embodiment, the interface layer 2a included in the gate
insulating film 52a of the first pMIS transistor and the interface layer 2¢ included in the gate
insulating film 52c¢ of the first nMIS transistor are selectively increased in thickness.
Accordingly, the EOT of the gate insulating film 52a of the first pMIS transistor and that of
the gate insulating film 52c¢ of the first nMIS transistor increase, thereby causing the effective
work functions of the first pMIS transistor and the first nMIS transistor to increase. As a
result, a plurality of MIS transistors of the same conductivity type and different from each
other in work function can be provided in a semiconductor device with a MIS structure in
which a high-k film is used as a gate insulating film. In an integrated circuit which is thus
allowed to include a plurality of MIS transistors having different work functions, a driving
force can be maximized in each of the low-Vth MIS transistors and the high-Vth transistors,
thereby enabling the integrated circuit to operate at a high speed with a low leakage current.

In this embodiment, a silicon dioxide film is formed as the interface layer 2a (2A),
2b, 2¢ (2C), and 2d. Alternatively, a silicon oxynitride film may be formed.

In this embodiment, the pMIS cap films 4a and 4b and the nMIS cap films 4¢ and
4d are allowed to remain in the final structure of the semiconductor device. However, the

Al-containing high-k films 3A and 3B and the La-containing high-k films 3C and 3D are
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essential for the final structure, and it is not always necessary to allow the pMIS cap films 4a
and 4b and the nMIS cap films 4c¢ and 4d to remain in the final structure. For example, if an
Al-containing film and a La-containing film are formed before formation of the
metal-containing film 6 in the step shown in FIG. 1, the pMIS cap film 4 and the nMIS cap
film 4" do not need to remain when the metal-containing film 6 is formed.

In this embodiment, a cap film containing La is used as the nMIS cap film 4",
Alternatively, a cap film containing, for example, dysprosium (Dy), scandium (Sc), or
gadolinium (Gd) may be used.

The MIS transistors of this embodiment have substantially the same gate structure
(except for the thicknesses of the interface layers). Alternatively, the MIS transistors may
have cap films with different thicknesses or gate electrodes made of different materials, for

example.
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CLAIMS

What is claimed is:
1. A semiconductor device comprising:

a first MIS transistor and a second MIS transistor of an identical conductivity type
provided on an identical semiconductor substrate,
wherein

the first MIS transistor includes a first gate insulating film formed on a first active
region in the semiconductor substrate and a first gate electrode formed on the first gate
insulating film,

the second MIS transistor includes a second gate insulating film formed on a second
active region in the semiconductor substrate and a second gate electrode formed on the second
gate insulating film,

the first gate insulating film includes a first interface layer being in contact with the
semiconductor substrate and a first high dielectric constant insulating film formed on the first
interface layer,

the second gate insulating film includes a second interface layer being in contact
with the semiconductor substrate and a second high dielectric constant insulating film formed
on the second interface layer, and

the first interface layer has a thickness larger than that of the second interface layer.

2. The semiconductor device of claim I, wherein

the first gate electrode includes first sidewall spacers formed on side
surfaces thereof and first insulating spacers interposed between the first gate
electrode and the first sidewall spacers,

the second gate electrode includes second sidewall spacers formed on side
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surfaces thereof and second insulating spacers interposed between the second gate
electrode and the second sidewall spacers, and

the first insulating spacers are thinner than the second insulating spacers.

3. The semiconductor device of claim 2,

the first insulting spacers are offset spacers each having an I-shaped cross
section, and

the second insulating spacers are underlying spacers each having an

L-shaped cross section.

4. The semiconductor device of claim 2, wherein

the first gate electrode includes a first metal-containing film formed on the
first high dielectric constant insulating film and a first silicon film formed on the
first metal-containing film,

the second gate electrode includes a second metal-containing film formed
on the second high dielectric constant insulating film and a second silicon film
formed on the second metal-containing film,

a silicon dioxide film is interposed between the first silicon film and the
first insulating spacers, and

the second silicon film is in contact with the second insulating spacers.

5. The semiconductor device of claim 4, wherein
a first metal silicide layer is formed on the first silicon film, and

a second metal silicide layer is formed on the second silicon film.
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6. The semiconductor device of claim 4, wherein
a silicon dioxide film is also interposed between the first active region and

the first sidewall spacers.

7. The semiconductor device of claim 2, wherein
each of the first insulating spacers and the second insulating spacers is

made of a silicon nitride film.

8. The semiconductor device of claim [, wherein
the first and second MIS transistors are pMIS transistors, and
the first and second high dielectric constant insulating films contain

aluminum.

9. The semiconductor device of claim 8, wherein

the first gate insulating film further includes a first cap film formed on the first
high dielectric constant insulating film and containing aluminum, and

the second gate insulating film further includes a second cap film formed on the

second high dielectric constant insulating film and containing aluminum.

10. The semiconductor device of claim 1, wherein
the first and second MIS transistors are nMIS transistors, and
the first and second high dielectric constant insulating films contain

lanthanum.

11. The semiconductor device of claim 10, wherein
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the first gate insulating film further includes a first cap film formed on the first
high dielectric constant insulating film and containing lanthanum, and
the second gate insulating film further includes a second cap film formed on the

second high dielectric constant insulating film and containing lanthanum.

12. The semiconductor device of claim 1, wherein
each of the first and second high dielectric constant insulating films

contains hafnium or zirconium.

13. The semiconductor device of claim 1, wherein
each of the first and second interface layers is made of a silicon dioxide

film.

14. The semiconductor device of claim 1, wherein
the first and second high dielectric constant insulating films are

substantially equal in thickness.
15. The semiconductor device of claim 1, wherein
the first and second gate electrodes are made of a substantially identical
material.
I6. The semiconductor device of claim 1, wherein

an effective work function of the first MIS transistor is higher than an effective

work function of the second MIS transistor.
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ABSTRACT
A first MIS transistor and a second MIS transistor of the same conductivity type are
formed on an identical semiconductor substrate. An interface layer included in a gate

5 insulating film of the first MIS transistor has a thickness larger than that of an interface layer

included in a gate insulating film of the second MIS transistor.
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CONFIRMATION NO. 6981
53080 FILING RECEIPT
MCDERMOTT WILL & EMERY LLP
The McDermott Building LR T
500 North Capitol Street, N.W. 000000057727593

WASHINGTON, DC 20001
Date Mailed: 11/27/2012

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

Inventor(s)

Satoru ITO, Hyogo, JAPAN;

Yoshiya MORIYAMA, Toyama, JAPAN,;

Hiroshi OHKAWA, Toyama, JAPAN;

Susumu AKAMATSU, Toyama, JAPAN;
Applicant(s)

Panasonic Corporation, 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 CON of PCT/JP2011/002868 05/24/2011

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 2010-205599 09/14/2010

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

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
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Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 11/20/2012

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/665,305

Projected Publication Date: 03/07/2013
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE
Preliminary Class
257

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

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

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
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| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/665,305 10/31/2012 Satoru ITO 085393-0941
CONFIRMATION NO. 6981
53080 POA ACCEPTANCE LETTER
MCDERMOTT WILL & EMERY LLP
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500 North Capitol Street, N.W.

WASHINGTON, DC 20001
Date Mailed: 11/27/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 10/31/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/bto/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Detailed Action

1. This non-final Office action is responsive to Applicants’ application filed
10/31/2012. Claims 1-16 are presented for examination and claims 1-16 are rejected

for the reasons indicated herein below.

Claim Rejections - 35 USC § 112

2. The following is a quotation of 35 U.S.C. 112(b):

(B) CONCLUSION.— The specification shall conclude with one or more claims
particularly pointing out and distinctly claiming the subject matter which the
inventor or a joint inventor regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out
and distinctly claiming the subject matter which the applicant regards as his
invention.

3. Claims 14 & 15 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AlA the

applicant regards as the invention.

4. The term “substantially” in claims 14 & 15 is a relative term which renders the

claims indefinite. The term “substantially” is not defined by the claims, the
specification does not provide a standard for ascertaining the requisite degree, and one

of ordinary skill in the art would not be reasonably apprised of the scope of the
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invention. At what degree will it counts as “substantially identical material™?

5.

Claim Rejections - 35 USC § 102(b)

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:

6.

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a
foreign country or in public use or on sale in this country, more than one year
prior to the date of application for patent in the United States.

Claims 1-12 & 14-16 are rejected under 35 U.S.C. 102(b), as being anticipated

by Ishikawa et al., (8492230 B2, hereinafter Ishikawa).

In reclaim 1, in FIG. 3, Ishikawa teaches a semiconductor device comprising:

a. a first MIS transistor(Bulk Type MISFET) and a second MIS
transistor(Partial-Depletion MISFET) of an identical conductivity type provided

on an identical semiconductor substrate(1S), wherein

i. the first MIS transistor(Bulk Type MISFET) includes a first gate
insulating film(GOX3 & BOX) formed on a first active region in the
semiconductor substrate(1S) and a first gate electrode(G3) formed on the

first gate insulating film,

ii. the second MIS transistor(Partial-Depletion MISFET) includes a

second gate insulating film(GOX2 & BOX) formed on a second active
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region in the semiconductor substrate(1S) and a second gate

electrode(G2) formed on the second gate insulating film(GOX2 & BOX),

iii. the first gate insulating film(GOX3 & BOX) includes a first interface
layer(GOX3 & BOX) being in contact with the semiconductor
substrate(1S) and a first high dielectric constant insulating film formed on

the first interface layer(GOX3 & BOX),

iv. the second gate insulating film(GOX2 & BOX) includes a second
interface layer(GOX2 & BOX) being in contact with the semiconductor
substrate(1S) and a second high dielectric constant insulating film formed

on the second interface layer(GOX2 & BOX), and

V. the first interface layer(GOX3 & BOX) has a thickness larger than

that of the second interface layer(GOX2 & BOX) (See Col 13 lines 50-63).

8. In reclaim 2, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein the first gate electrode includes first sidewall spacers formed on side surfaces
thereof and first insulating spacers interposed between the first gate electrode and the
first sidewall spacers, the second gate electrode includes second sidewall spacers
formed on side surfaces thereof and second insulating spacers interposed between the
second gate electrode and the second sidewall spacers, and the first insulating spacers

are thinner than the second insulating spacers (See Col 13 lines 50-63).

9. In reclaim 3, in FIG. 3, Ishikawa teaches a semiconductor device of claim 2, the
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first insulting spacers are offset spacers(OX2) each having an I-shaped cross section,
and the second insulating spacers(OX1) are underlying spacers each having an L-

shaped cross section (See Col 13 lines 10-16).

10. Inreclaim 4, in FIG. 3, Ishikawa teaches a semiconductor device of claim 2,
wherein the first gate electrode includes a first metal-containing film formed on the first
high dielectric constant insulating film and a first silicon film formed on the first metal-
containing film, the second gate electrode includes a second metal-containing film
formed on the second high dielectric constant insulating film and a second silicon film
formed on the second metal-containing film, a silicon dioxide film is interposed between
the first silicon film and the first insulating spacers, and the second silicon film is in

contact with the second insulating spacers (See Col 16 lines 22-36).

11.  Inreclaim 5, in FIG. 3, Ishikawa teaches a semiconductor device of claim 4,
wherein a first metal silicide layer is formed on the first silicon film, and a second metal

silicide layer is formed on the second silicon film (See Col 25 lines 30-42).

12.  Inreclaim 6, in FIG. 3, Ishikawa teaches a semiconductor device of claim 4,
wherein a silicon dioxide film is also interposed between the first active region and the

first sidewall spacers (See Col 13 lines 10-16).

13. Inreclaim 7, in FIG. 32, Ishikawa teaches a semiconductor device of claim 2,
wherein each of the first insulating spacers and the second insulating spacers is made

of a silicon nitride film (See Col 28 lines 1-5).
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14. Inreclaim 8, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein the first and second MIS transistors are pMIS transistors, and the first and

second high dielectric constant insulating films contain aluminum (See Col 27 lines 31-

44).

15.  Inreclaim 9, in FIG. 3, Ishikawa teaches a semiconductor device of claim 8,
wherein the first gate insulating film further includes a first cap film(IL1) formed on the
first high dielectric constant insulating film and containing aluminum, and the second
gate insulating film further includes a second cap film(IL1) formed on the second high

dielectric constant insulating film and containing aluminum (See Col 27 lines 31-44).

16. Inreclaim 10, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein the first and second MIS transistors are nMIS transistors, and the first and
second high dielectric constant insulating films contain lanthanum (See Col 18 lines 44-

63).

17.  Inreclaim 11, in FIG. 3, Ishikawa teaches a semiconductor device of claim 10,
wherein the first gate insulating film further includes a first cap film formed on the first
high dielectric constant insulating film and containing lanthanum, and the second gate
insulating film further includes a second cap film formed on the second high dielectric

constant insulating film and containing lanthanum (See Col 18 lines 44-60).

18. Inreclaim 12. in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein each of the first and second high dielectric constant insulating films contains

hafnium or zirconium (See Col 18 lines 44-60).
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19. Inreclaim 14, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,

wherein the first and second high dielectric constant insulating films are substantially

equal in thickness (See Col 13 lines 50-63).

20. Inreclaim 15, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein the first(G3) and second(G2) gate electrodes are made of a substantially

identical material (See Col 19 lines 56-67 Col 20 lines 1-12).

21.  Inreclaim 16, in FIG. 3, Ishikawa teaches a semiconductor device of claim 1,
wherein an effective work function of the first MIS transistor is higher than an effective

work function of the second MIS transistor (See Col 24 lines 18-24 & Col 28 lines 27-

37).
Claim Rejections - 35 USC § 103

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

obviousness rejections set forth in this Office action:

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

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103(a) are summarized as follows: (See MPEP
Ch. 2141)

Determining the scope and contents of the prior art;
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Ascertaining the differences between the prior art and the claims in issue;
Resolving the level of ordinary skill in the pertinent art; and Evaluating evidence
of secondary considerations for indicating obviousness or nonobviousness

23. Claims 13 is rejected under 35 U.S.C. 103(a) as being unpatentable by Ishikawa

in view of Forbes et al., (US20090294924 A1, hereinafter Forbes).

24. Inreclaim 13, Ishikawa fails to teach a semiconductor device of claim 1, wherein

each of the first and second interface layers is made of a silicon dioxide film.

25.  Butin the same field of endeavor of invention, Forbes teaches a semiconductor
device of claim 1, wherein each of the first and second interface layers is made of a

silicon dioxide film.

26. Forbes is evidence that ordinary workers skilled in the art would find reasons,
suggestions or motivations to modify the device of Forbes with Ishikawa. Therefore, at
the time the invention was made, it would have been obvious to use the teaching of
Forbes in the device of Ishikawa since the electrical isolation is due to the relatively
large band gap of SiO.sub.2, making it a good insulator from electrical conduction.
Significant reductions in its band gap may eliminate it as a material for a dielectric

region in an electronic device (See § [0026]).
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Conclusion

27.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone

number is (571) 272-6267. The examiner can be reached on M-F (8AM - 4PM EST).

28. If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando Toledo can be reached on (571) 272-1867. The fax phone
number for the organization where this application or proceeding is assigned is (571)

272-8300.

29. 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.

/Lawrence-Linh T Nguyen/ /Fernando L. Toledo/
Examiner, Art Unit 2897 Supervisory Patent Examiner, Art
Unit 2897
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NMIS adj transistor with (high adj (k -k 17:29
dielectric))) i
S20 14 S15 and ((first second third multipl$3) adj USPAT OR ON 2013/08/13§
NMIS ) 17:30 :
S$23 #6663 MIS near transistor US-PGPUB; OR ON 2013/08/13§
USPAT; 17:31
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB ;
S24 40 S15 and ( (first second third multipl$3) adj US-PGPUB; OR ON 2013/08/13§
transistor near (high adj (k -k dielectric))) USPAT; 17:31
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB :
S25 §{111810 iipanasonic US-PGPUB; OR ON 2013/08/13§
USPAT; 17:32 :
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB i
S27 #96 S23 and ((high near k) or "high k") near (gate {jUS-PGPUB; OR ON 2013/08/13§
near (dielectric or insulat$4)) USPAT; 17:33 i
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
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Machine Translation of

Japanese Patent Publication No. 2003-100896

* NOTICES *

JPO and INPIT are not responsible for any

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.
2. ##%* shows the word which can not be translated.

3. In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]JA semiconductor device, wherein it has a second transistor
characterized by comprising the following, said 2nd and 4th insulator layers are
high dielectric films formed simultaneously and said 1st and 3rd insulator layers
are volume phases from which composition or thickness differs mutually.

A semiconductor substrate.

A first transistor to which a first insulator layer formed in a first region
partitioned by the aforementioned semiconductor substrate and a second insulator
layer have first gate dielectric film of structure where it laminated sequentially
from [ this ] the aforementioned semiconductor substrate.

Second gate dielectric film with silicon oxide conversion thickness thick
compared with said first gate dielectric film which is the structure formed in a

second region partitioned by the aforementioned semiconductor substrate where
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the 3rd insulator layer and 4th insulator layer were laminated sequentially from

[ this ] the aforementioned semiconductor substrate.

[Claim 2]A volume phase which constitutes said first insulator layer is an oxide
film containing nitrogen formed by reaction of a nitrogen ion injection layer and
the aforementioned high dielectric film which were selectively formed in the first
region surface of the aforementioned semiconductor substrate, The
semiconductor device according to claim 1, wherein a volume phase which
constitutes said 3rd insulator layer is the oxide film formed by reaction of the
second region surface and the aforementioned high dielectric film of the
aforementioned semiconductor substrate.

[Claim 3]A volume phase which constitutes said first insulator layer is a nitride
or a oxynitriding film selectively formed in the first region surface of the
aforementioned semiconductor substrate by radical nitriding, The semiconductor
device according to claim 1, wherein a volume phase which constitutes said 3rd
insulator layer is the oxide film formed by reaction of the second region surface
and the aforementioned high dielectric film of the aforementioned semiconductor
substrate.

[Claim 4]The semiconductor device according to claim 1, wherein said first
insulator layer is removed in regions other than directly under [ gate electrode ]
and at least one copy of said 3rd insulator layer is left behind to regions other
than directly under [ gate electrode ].

[Claim 5]The aforementioned semiconductor device is DRAM and in said first
region, The semiconductor device according to claim 1, wherein a DRAM
peripheral circuit is formed by making said first transistor into a constituent child
and a DRAM cell array is formed in said second region by using said second
transistor as a cell transistor.

[Claim 6]The semiconductor device according to claim 1, wherein the

aforementioned semiconductor device is logic LSI, a logical circuit is formed in
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said first region by making said first transistor into a constituent child and an I/O
circuit is formed in said second region by making said second transistor into a
constituent child.

[Claim 7]The aforementioned semiconductor device is DRAM mixed-loading
LSI, and in said first region, The semiconductor device according to claim 1,
wherein a logical circuit is formed by making said first transistor into a
constituent child and a DRAM cell array is formed in said second region by
using said second transistor as a cell transistor.

[Claim 8]it being the structure formed in the 3rd region partitioned by the
aforementioned semiconductor substrate where a fifth insulator layer and a sixth
insulator layer were laminated by this order, and. Silicon oxide conversion
thickness has the 3rd transistor that has gate dielectric film thinner than said
second gate dielectric film thicker than said first gate dielectric film, and it in
said first region, It is formed by logical circuit by making said first transistor into
a constituent child, and in said second region, The semiconductor device
according to claim 7, wherein a DRAM cell array is formed by making said
second transistor into a constituent child and an 1/O circuit is formed in said 3rd
region by making said 3rd transistor into a constituent child.

[Claim 9]The semiconductor device according to claim 1, wherein said first
transistor is a n-channel transistor and said second transistor is a p channel
transistor.

[Claim 10]In a manufacturing method of a semiconductor device containing a
transistor which has a different gate-dielectric-film structure,

A manufacturing method of a semiconductor device characterized by comprising
the following.

A process of forming an oxygen barrier layer in the surface of a first region of a
semiconductor substrate selectively.

Form a high dielectric insulator layer in the aforementioned semiconductor

substrate, and a volume phase which consists of the aforementioned oxygen
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barrier layer or a reaction layer of this and the aforementioned high dielectric
film in said first region is included, A process of carrying out pattern formation of
the gate electrode to the aforementioned semiconductor substrate and a process
of forming gate dielectric film containing a volume phase by a reaction of the
aforementioned high dielectric film, on the aforementioned gate dielectric film in

a second region.

[Claim 11]In a manufacturing method of a semiconductor device containing a
transistor which has a different gate-dielectric-film structure,

A manufacturing method of a semiconductor device characterized by comprising
the following.

A process of forming a high dielectric insulator layer in a semiconductor
substrate.

A process of forming an oxidation-resistant low material film selectively on the
aforementioned high dielectric insulator layer, Perform crystallization heat
treatment of the aforementioned high dielectric insulator layer, and a volume
phase by which growth was inhibited between the aforementioned high dielectric
insulator layer and the aforementioned semiconductor substrate in a first region
covered by the aforementioned material film is included, A process of forming
the aforementioned high dielectric insulator layer and gate dielectric film
containing a volume phase grown-up by the reaction of the aforementioned
semiconductor substrate in a second region which is not covered by the
aforementioned material film, and a process of carrying out pattern formation of

the gate electrode on the aforementioned gate dielectric film.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]
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[Field of the Invention]This invention relates to the semiconductor device which
has an MIS type field effect transistor (only henceforth a transistor) with the gate
dielectric film consisting of a high dielectric.

[0002]

[Description of the Prior Art]In recent years, in the semiconductor integrated
circuit, in order to obtain quicker working speed, micronized scaling of the
transistor is pushed. Development of the transistor which cuts 5 nm of especially
gate-dielectric-film thickness is made. However, if gate-dielectric-film thickness
cuts 3 nm, the direct tunneling current of the gate dielectric film which was not
seen conventionally will flow, and the problem that power consumption increases
will arise.

[0003]As the technique of inhibiting the direct tunneling current of gate dielectric
film, the trial which uses high dielectric films, such as Ta,Os whose dielectric
constant is higher than silicon oxide, and TiO,, as gate dielectric film is made. If
a high dielectric film is used as gate dielectric film, electric thickness (silicon
oxide conversion thickness) can be set constant, and physical thickness can be
made to increase.

[0004]About the conventional manufacturing method of a transistor using Ta,Os
as gate dielectric film, it describes with reference to Drawings. First, as shown in
the field oxide 13 is formed in an isolation region using LOCOS process etc.
Thereby, the active region 14 which forms a transistor is partitioned.

[0005]Next, as shown in Fig.2, after forming the 15-nm oxidizing film 21 as a
sacrificing oxide film, it covers except active region 14 with the resist mask 22,
the ion implantation of the boron for adjusting threshold value voltage is carried
out, and the channel ion implantation layer 23 is formed. And after removing the
resist 22, heat treatment for activating boron in the channel ion implantation layer
23 is performed in 1000 degrees C and RTA for 10 seconds (Rapid Thermal

Anneal).
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[0006]Next, washing processing for fluoric acid removing the oxidizing film 21
and removing contamination of a substrate surface is performed. Then, as shown
in Fig.3, the Ta,Os film of 5 nm of physical thickness is formed as the gate
dielectric film 31, and heat treatment for heat-treatment-temperature [ of 800
degrees C ] and heat-treating-time 30 minutes performs post-oxidation in ozone
atmosphere. Since the dielectric constant of Ta,Os is about 25, a 5-nm Ta,Os film
serves as 0.8 nm of silicon oxide conversion thickness. Then, a 200-nm
polysilicon film is formed with a CVD method, a patterning is performed, and
the gate electrode 32 is formed.

[0007]Since the next side wall process, the source / drain formation process, the
wiring process, etc. are the same as usual, a description is omitted.
[0008]Generally, when the high dielectric film of a metallic-oxide system is
formed on a silicon substrate, thin silicon oxide is formed in the interface of a
high dielectric film and a silicon substrate by the reaction of a high dielectric film
and a silicon substrate as a volume phase. This is for a silicon substrate to oxidize
by diffusion of the oxygen plasma atmosphere at the time of high dielectric film
film formation, and oxygen at the time of subsequent heat treatment. Also in the
above-mentioned conventional example, it is checked that about 2.1-nm volume
phase 33 is formed after gate electrode 32 formation. By such existence of a
volume phase, the substantial silicon oxide conversion thickness of gate
dielectric film increases to 2.9 nm. Thus, the volume phase 33 is silicon oxide,
although the metal in a metallic oxide is mixed in a minute amount, since it is a
lower dielectric constant, makes the dielectric constant of the whole gate
dielectric film be deteriorated, and causes increase of silicon oxide conversion
thickness.

[0009]On the other hand, the method of not growing up a volume phase is also
proposed. One of them is the method of inhibiting growth of a volume phase by
performing a nitrogen ion injection at the time of channel ion implantation,

introducing nitrogen into a substrate, and considering it as the oxygen barrier
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(refer to JP,2000-106432,A). As specifically shown in Fig.4 after formation of the
channel ion implantation layer 23 shown in Fig.2.Using the resist mask 22 for
channel ion implantation as it is, the ion implantation of the nitrogen is carried
out on condition of injection dose 5x10'¥/injection accelerating voltage SkeV and
cm’, and the nitrogen introduction region 41 is formed in a substrate surface.
[0010]Diffusion of oxygen is inhibited as a result of the nitrogen introduction to
the substrate surface by the nitrogen ion injection to such channel regions.
Thereby, the volume phase thickness of a Ta,Os film / silicon substrate interface
is suppressed to 0.7 nm, and can attain 1.4-nm reduction in thickness by oxide
film conversion thickness compared with the case where a nitrogen ion injection
is not performed.

[0011]

[Problem to be solved by the invention]Now, in many integrated circuit chips,
two or more type of transistors with the purpose of differing are loaded together.
For example, in the case of the 0.25-micrometerDRAM mixed-loading CMOS
logic LSI chip, the transistor for DRAM cell arrays, the transistor for logical
circuits, and the transistor for I/O circuits are mounted by different specifications,
such as reliability, driving force, and pressure-proofing. In order to fill such
different specifications, the gate dielectric film of different thickness to each
transistor is formed, and this has caused the complexity of a process, and the rise
of the manufacturing cost. In the case of an above-mentioned
0.25-micrometermDRAM mixed-loading CMOS logic LSI chip, as for the
gate-dielectric-film thickness of the transistor for DRAM cells, said Snm and the
transistor for I/O circuits of 8 nm and the transistor for logical circuits are said
Tnm.

[0012]An object of this invention is to provide the semiconductor device which
mounted two or more transistors which made and divided a different
gate-dielectric-film structure, without having been made in consideration of the

above-mentioned situation, and using a complicated process.
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[0013]

[Means for solving problem]The semiconductor device concerning this invention
was formed in the first region partitioned by the semiconductor substrate and the
aforementioned semiconductor substrate, The first transistor to which a first
insulator layer and second insulator layer have first gate dielectric film of the
structure laminated sequentially from [ this ] the aforementioned semiconductor
substrate, it being the structure formed in the second region partitioned by the
aforementioned semiconductor substrate where the 3rd insulator layer and 4th
insulator layer were laminated sequentially from [ this ] the aforementioned
semiconductor substrate, and. Compared with the above-mentioned first gate
dielectric film, silicon oxide conversion thickness has a second transistor which
has thick second gate dielectric film, and it the 2nd and 4th above-mentioned
insulator layers, It is the high dielectric film formed simultaneously, and the 1st
and 3rd insulator layers are characterized by being a volume phase from which
composition or thickness differs mutually. The 1st and 3rd insulator layers shall
be the volume phases of mutually different composition formed by the reaction
with the thin film formed in the 2nd and 3rd insulator layers, a semiconductor
substrate, or its surface, respectively especially preferably.

[0014]The process of this invention being a manufacturing method of the
semiconductor device containing the transistor which has a different
gate-dielectric-film structure again, and forming an oxygen barrier layer in the
surface of the first region of a semiconductor substrate selectively, Form a high
dielectric insulator layer in the aforementioned semiconductor substrate, and the
volume phase which consists of the aforementioned oxygen barrier layer or a
reaction layer of this and the aforementioned high dielectric film in the
above-mentioned first region is included, In a second region, it has the
aforementioned semiconductor substrate, the process of forming the gate
dielectric film containing the volume phase by the reaction of the aforementioned

high dielectric film, and the process of carrying out pattern formation of the gate
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electrode on the aforementioned gate dielectric film.

[0015]in this invention -- the film-forming time of the high dielectric film (a
metallic oxide or its silicate) as gate dielectric film -- or, the time of a subsequent
crystallization annealing -- a substrate -- or, About the volume phase formed
between the thin films formed on the substrate, the different characteristic and
the gate dielectric film which has structure are formed on the same substrate by
controlling the electric thickness of a volume phase, and membraneous quality by
methods, such as nitrogen introduction to a substrate surface, and insertion of a
thin film nitride. By in other words, realizing the volume phase which were a
high dielectric film and one until now to be the laminated structure which gave
the function independently, and forming the high dielectric film of sufficient
thickness to prevent direct tunneling, While inhibiting gate leakage current, gate
dielectric film can be properly used by changing the state of a substrate interface
according to a transistor region for every transistor of which different
specification is required.

[0016]

[Mode for carrying out the invention]Hereafter, this embodiment of the invention
is described with reference to Drawings.

[Embodiment 1] A high dielectric film is used for gate dielectric film in this
embodiment 1, And the thickness of the volume phase formed by the reaction
between a high dielectric film and a substrate is selectively controlled by the
nitrogen introduction to the substrate surface using a nitrogen ion injection, and
the transistor of a different use is made to form on the same substrate.
[0017]Fig.5 - Fig.12 show the manufacturing process of this embodiment.First,
as shown in Fig.5, transistor region A which needs the thin gate dielectric film of
silicon oxide conversion thickness on the silicon single crystal substrate 51, and
transistor region B which needs the thick gate dielectric film of silicon oxide
conversion thickness compared with this region A are partitioned. The regions A

and B are partitioned by forming the P wells 52 and 53 required for each region A
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and B, and embedding the element isolation insulation film 54 by the STI
(Shallow Trench Isolation) method specifically.

[0018]Next, as shown in Fig.6, the 25-nm sacrificing oxide film 61 is formed by
heat treatment by the heat treatment temperature of 900 degrees C, and O,
atmosphere. Then, the 1-micrometer-thick resist mask 62 is formed on the region
B, and the ion implantation of the boron for adjusting threshold value voltage to
the region A is carried out on condition of injection accelerating voltage 10keV -
30kev, and injection dose 5x10'*/cm” - 1x10"*/cm®. Then, the ion implantation of
the nitrogen is carried out on condition of injection dose 5x10'*/injection
accelerating voltage SkeV and cm® using the same resist mask 62. Thereby, the
nitrogen introduction region 64 used as the thin channel ion implantation layer 63
and oxygen barrier layer is formed in the region A.

[0019]Then, after exfoliating the resist mask 62, as shown in Fig.7, the wrap
resist mask 71 is formed for the region A, The ion implantation of the boron for
adjusting threshold value voltage to the region B is carried out on condition of
injection accelerating voltage 10keV - 30kev, and injection dose 5x10'*/cm® -
1x10"*/cm®. Thereby, the thin channel ion implantation layer 72 is formed in the
region B.

[0020]Then, after performing pretreatment which removes the resist 71 and
removes contamination of a substrate surface, RTA for treatment temperature [ of
1000 degrees C ] and processing time 10 seconds performs the channel ion
implantation layer 63, the nitrogen introduction region 64, and the annealing that
activates the impurity of the channel ion implantation layer 72.

[0021]Next, after rare-fluoric-acid processing removing the sacrificing oxide film
61 and performing hydrogen termination processing of the silicon substrate 51
surface, as shown in Fig.&, the TiO, film 81 which is a high dielectric film is
formed. Specifically, by DC sputtering method using a TiO, sintering target, it is
the sputtering conditions of the electric power 300W, the pressure of 1 Pa, and
Ar/O, flow rate 22 / 1.2sccm, and the 5-nm-thick TiO, film 81 is formed. At this
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time, of the oxygen plasma atmosphere at the time of a TiO, film sputtering, the
silicon substrate surface of the regions A and B oxidizes, and the volume phases
82 and 83 are formed. The volume phase 82 of the region A serves as thin silicon
oxide, as a result of the nitrogen introduction region 64 inhibiting diffusion into
the substrate of oxygen, and the volume phase 83 of the region B serves as
silicon oxide thicker than this.

is formed 175 nm in thickness with a CVD method, and the gate electrode 91 is
formed by patterning. The TiO, film 81 and the volume phases 82 and 83 which
serve as gate dielectric film under it with the gate electrode 91 are also patterned.
Then, RTA for heat-treatment-temperature [ of 900 degrees C ] and
heat-treating-time 30 seconds is performed for crystallization of the TiO, film 81.
At this time, by diffusion of oxygen from the TiO, film 81 by RTA to the silicon
substrate 51, the silicon substrate surface of the region B oxidizes, and the
volume phase 83 grows and turns into the about 2-nm volume phase 83a
eventually. In the region A, diffusion into the substrate of oxygen is inhibited by
the nitrogen introduction region 64, and growth of the volume phase 82 is
inhibited and serves as about 0.7-nm volume phase 82a eventually.

[0023]The TiO, film 81 will be in a micro crystallite state by RTA processing,
and about [ therefore ] about 20 and the oxide film conversion thickness of this
portion of that dielectric constant are about 1 nm. By physical mixing of Ti to the
substrate by the sputtering of the TiO, film 81, and the activation annealing
performed in a post process, the volume phases 82a and 83a serve as silicon
oxide which a little Ti mixed, and the dielectric constant becomes about five.
[0024]Therefore, the gate dielectric film of the region A serves as the volume
phase 82a and a laminated structure of the TiO, film 81, and the gate dielectric
film of the region B serves as the volume phase 83a and a laminated structure of
the TiO, film 81. These gate dielectric film has not less than 5-nm thickness as

physical thickness, and can inhibit direct tunneling current sufficiently. In the

11

Page 235 of 339



region A, the gate dielectric film of 1.6 nm of oxide film conversion thickness
was formed, and it means that the gate dielectric film of 2.6 nm of oxide film
conversion thickness was formed in the region B of the difference in the
thickness of the volume phases 82a and 83b on the other hand.

[0025]Next, as shown in Fig.10, the ion implantation of the N type impurity is
carried out substantially vertically to the silicon single crystal substrate 51, and
the n type diffused layers 101 of shallow source/drain are formed. Arsenic is
specifically injected in dose 5x10'*/accelerating voltage 5keV - 10keV, and cm” -
1x10"/cm”.

[0026]Next, by depositing the SizN, film of thickness (10 nm - 50 nm), and
carrying out etchback with a CVD method, using anisotropic etching, as shown
in Fig.11, the gate side wall 111 is formed in the side surface of the gate electrode
91. Then, the n* type diffusion layer 112 which carries out the ion implantation of
the arsenic by dose 5x10'/accelerating voltage 50keV - 70keV, and cm?, for
example, and serves as deep source/drain area in an N type impurity is formed
substantially vertically to the silicon single crystal substrate 51. Next, the
temperature of 1035 degrees C and the heat treatment process by RTA for time 10
seconds are performed for a source / drain impurities activation. The transistor
Q1 which has gate dielectric film in which silicon oxide conversion thickness
differs in the regions A and B by the above, and Q2 are formed.

[0027]By next, heat treatment according [ after fluoric acid removes the oxide
film of the silicon single crystal substrate 51 and the gate electrode 91 upper part,
form Co to the whole wafer by a sputtering, and ] to RTA, As shown in Fig.12,
the cobalt silicide film 121 is formed in a source / drain area, and the gate
electrode 91 upper part. An excessive Co film exfoliates. After forming the
interlayer insulation film 122 which consists of silicon oxide with a CVD method
and forming the contact hole 123 by anisotropic etching, membranes are formed
by a sputtering method, aluminum is patterned, and the wiring 124 is formed.

[0028]According to this embodiment as mentioned above, the transistor Q1 and
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Q2 which are formed in the regions A and B are formed with the gate dielectric
film in which silicon oxide conversion thickness differs, having the physical
thickness of sufficient thickness to prevent both direct tunneling current. From a
difference of gate-dielectric-film structure, although the transistor Q1 of the
region A is inferior to gate pressure-proofing or reliability relatively compared
with the transistor Q2 of the region B, it has a difference of the characteristic that
current driving capacity is high.

[0029]Although gate dielectric film has a laminated structure of the volume
phase formed as a reaction layer between a high dielectric film, and this and a
substrate, this is changing the substrate surface state of the regions A and B
previously, and has realized the state where both volume phases differ. And
processing for changing a substrate surface state can be performed, using the
mask for the channel ion implantation of the regions A and B as it is. Therefore,
although the transistor Q1 and Q2 have a gate-dielectric-film structure of a
different kind, an ion implantation step only increases as 1 ** and a
manufacturing process is simple for it.

[0030]The nitrogen ion injection by this embodiment can aim at the oxidation
deterrent effect by the nitrogen introduction to a silicon substrate, and injection
accelerating voltage and a dose can be changed by the degree of that deterrent
effect needed. Fig.13 shows the nitrogen dose and the relation of volume phase
thickness. In the case of a high dielectric insulator layer, pressure-proofing of an
insulator layer and reliability improve, so that the thickness of a volume phase is
thick, and since the dielectric constant of a volume phase is low, the current
driving power of an opposite side transistor has a relation of trade-off of being
deteriorated, so that volume phase thickness is thick. Namely, the nitrogen dose
can take into consideration the specification for which each transistor is needed,
and can determine it arbitrarily.

[0031]The introducing method of nitrogen may not be restricted to an ion

implantation, for example, the substrate nitriding by nitrogen radicals, etc. may
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be sufficient as it.

[0032]Although the TiO, film was used as the high dielectric film 81 in the
embodiment, Not only this but aluminum,0;, Ta,0s, ZrO,, HfO,, Y,0;, La,0;,
Ce0O,, PrO,, Gd,0s3, Sc,0;, LaAlO;, metallic oxide films, such as ZrTiO,, TiO(Zr,
Sn) 4, SrZrO,4, LaAl;0,, SrTiO;, and BaSrTiO;, -- or, The form of at least 1 type
selected from these silicate or above-mentioned metallic-oxide and silicon oxide,
silicon nitride film, and aluminum,QO; of mix crystals may be sufficient.

[0033]In this embodiment, although DC sputtering method is used for high
dielectric film formation, a film-forming method is not necessarily restricted to
this, and should just be a film-forming method of the high dielectric film
accompanied by a volume phase. For example, the plasma CVD method using
TiCl, and O,, etc. may be used. Although non-doped polycrystalline silicon is
used as the gate electrode 91 in this embodiment, it does not necessarily restrict
to this and polycrystal RISHIRIKON, an amorphous silicon, SiGe, or metal of an
impurity dope, etc. can use other conductive material films. A P channel MOS
transistor can be similarly created by replacing an N type impurity to a P type
impurity, and replacing a P type impurity to an N type impurity.
[0034][Embodiment 2] In this embodiment, the membraneous quality of the
volume phase formed between a high dielectric and a substrate was controlled by
the substrate surface nitriding using nitrogen radicals, and the transistor of a
different use has put the chief aim on forming more simply the gate dielectric
film considered as a request on the same substrate. Formation of the sacrificing
oxide film 61 shown in the Fig.6 of previous embodiment 1 is the same as
embodiment 1.

formed on the region B, and the ion implantation of the boron for adjusting
threshold value voltage to the region A is carried out on condition of dose
5x1012/accelerating voltage 10keV - 30kev, and cm? - 1x10%/cm®. Next, the

sacrificing oxide film 61 of the region A is removed by rare-fluoric-acid
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processing, and N, flow rate 200sccm, pressure 0.25Torr, and RF power 100W
perform radical nitrification. Thereby, the thin channel ion implantation layer 142
and the silicon nitride film 143 of 1 nm of physical thickness are formed in the
region A.

[0036]Next, as the resist 141 is removed and it is shown in Fig.15, the wrap resist
mask 151 is formed for the region A, The ion implantation of the boron for
adjusting threshold value voltage to the region B is carried out on condition of
dose 5x10'*/accelerating voltage 10keV - 30kev, and cm® - 1x10"*/cm®. Thereby,
the thin channel ion implantation layer 152 is formed in the region B.
[0037]Then, after performing pretreatment which removes the resist 151 and
removes contamination of a substrate surface, RTA for temperature [ of 1000
degrees C ] and time 10 seconds performs the annealing which activates the
impurity of the channel ion implantation layers 142 and 152. And after
rare-fluoric-acid processing removing the sacrificing oxide film 61 and
performing hydrogen termination processing of the silicon substrate 51 surface,
as shown in Fig.16, the 5-nm-thick TiO, film 161 is formed as a high dielectric
film. Since future processes are the same as embodiment 1, a description is
omitted.

[0038]Also in this embodiment, the volume phase 163 which a silicon substrate
surface oxidizes in the region B, and consists of silicon oxide which is about 2
nm by diffusion of the oxygen plasma atmosphere at the time of a TiO, film
sputtering and oxygen from TiO, by RTA to the silicon substrate 51 is formed.
However, in the region A, the silicon nitride film 143 of 1 nm of thickness in
which the silicon substrate surface was formed by nitrogen-radicals processing
serves as barrier, and, as for new volume phase growth, is inhibited, and the
silicon nitride film (or oxynitriding film) 143 serves as a volume phase as it is.
The silicon nitride film 143 and the volume phase 163, By physical mixing of Ti
to the substrate by a TiO, film sputtering, and the activation annealing performed

next, it becomes the silicon nitride film and silicon oxide which a little Ti mixed,

15

Page 239 of 339



respectively, and that dielectric constant becomes 10 and about 5, respectively.
[0039]Thereby, the gate dielectric film of the regions A and B has not less than
5-nm thickness as physical thickness, and can inhibit direct tunneling current
sufficiently. On the region A, the gate dielectric film of 2.6 nm of oxide film
conversion thickness in which the gate dielectric film of 1.4 nm of oxide film
conversion thickness which has the silicon nitride film 143 in a volume phase has
silicon oxide on the region B at a volume phase is formed, respectively.
[0040]Thus, since oxide film conversion thickness can be made still thinner if a
silicon nitride film is used as a volume phase about the region A, While the
driving current of a transistor can be increased, since it is narrow, the band gap of
a silicon nitride film will be inferior in the reliability of gate dielectric film, and
pressure-proofing compared with it of the region B compared with silicon oxide.
[0041]The nitrogen-radicals processing in this embodiment is not necessarily
restricted to above-mentioned conditions, and can be arbitrarily determined with
the dielectric constant which gate dielectric film needs, and pressure-proof
specification. Like [ this embodiment ] embodiment 1, about a high dielectric
gate-dielectric-film kind, the kind of that film-forming method and gate electrode,
etc., even if it chooses other forms, the same effect is acquired. A PMOS
transistor can be similarly created by replacing an N type impurity to a P type
impurity, and replacing a P type impurity to an N type impurity.
[0042][Embodiment 3] In forming the transistor which has high dielectric gate
dielectric film, in this embodiment, the transistor in which high-speed operation
is more possible, and a more reliable transistor are formed on the same substrate
by control of the etching quantity of the volume phase at the time of gate
electrode processing.

[0043]The process to Fig.5 - Fig.8 of the process of this embodiment is the same
as that of embodiment 1.Fig.17 shows the state where formed 100 nm of TiN
films by the sputtering method, patterned this, and the gate electrode 171 was
formed on the TiO, film 81, after the process of Fig.8.At the process of film
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formation of a TiN film, 0.7 nm of thickness and the about 2-nm volume phases
172 and 173 are formed in the regions A and B, respectively. At this time, by
physical mixing of Ti to the substrate by a TiO, film sputtering, and the
activation annealing performed in a post process, the volume phase 172,173
serves as silicon oxide which a little Ti mixed, and that dielectric constant
becomes about five.

[0044]The gate electrodes 171 are the conditions of the electric power 100W and
pressure 20mTorr, and pattern formation is carried out by etching TiN film 171
and the TiO2 film 81 by RIE (Ractive Ion Etching) with the mixed gas of BCL;,
Cl,, and N,. If 40% of over etching is performed to 100 nm of TiN films at this
time, as shown in Fig.17, in the region A, the volume phases 172 other than the
region of the gate electrode 171 are removed completely, and the state where the
volume phase 173 was left behind in part can be acquired in the region B. This is
controllable using being the volume phase 172,173 of a silicon oxidation
membrane system, that the etch selectivity of a TiN film is as large as 50 or more,
and the physical thickness of the volume phase 172 being 1/3 of the physical
thickness of the volume phase 173.

[0045]The next process is the same as that of embodiment 1 except activation
annealing conditions being 800 degrees C and RTA for 30 seconds. By this
embodiment, the transistor of the region A serves as the structure where the
volume phase 172 with a high dielectric constant does not remain on the
source/drain area of the gate electrode side, the parasitic capacitance between a
source/drain, and a gate electrode is reduced, and high-speed operation becomes
possible. The transistor of the region B is considering it as the structure which
left the volume phase 173 to the region of the gate side, and the damage at the
time of gate electrode RIE does not go into a substrate, and it becomes what has
higher reliability.

[0046]Like [ this embodiment ] embodiment 1, about a high dielectric

gate-dielectric-film kind, the kind of that film-forming method and gate electrode,
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etc., even if it chooses other modes, the same effect is acquired. A PMOS
transistor can be similarly created by replacing an N type impurity to a P type
impurity, and replacing a P type impurity to an N type impurity.
[0047][Embodiment 4] Embodiment 2 and embodiment 3 are combined in this
embodiment. It is the same as embodiment 2 until it forms on the regions A and
B by using the TiO, film 161 of Fig.16 as high dielectric gate dielectric film.

100 nm forms membranes on the TiO, film 161, and the TiN film which serves as
the gate electrode 181 by a sputtering method on condition of the electric power
100W and pressure 20mTorr, RIE (Ractive lon Etching) of TiN film 181 and the
TiO, film 161 is carried out with the mixed gas of BCL;, Cl,, and N,, and gate
electrode patterning is performed. At this time, the volume phase of silicon acid
and a nitriding membrane system and the etch selectivity of a TiN film are as
large as 50 or more, It uses that the thickness of the volume phase 182 is 1/2 of
the thickness of the volume phase 183, and 50% of over etching is given to 100
nm of TiN films, in the region A, the volume phase 182 is removed completely
and the state where the volume phase 183 was removed partially is acquired in
the region B. The next process is the same as that of embodiment 2 except
activation annealing conditions being 800 degrees C and RTA for 30 seconds.
[0049]By this embodiment, the transistor of the region A reduces the parasitic
capacitance of a source drain and a gate electrode by considering it as the
structure which does not have the volume phase 182 with a high dielectric
constant in the region of the gate side, and the high-speed operation of it becomes
more possible. The transistor of the region B is considering it as the structure
which left the volume phase 183 to the region of the gate side, and the damage at
the time of gate electrode RIE can be prevented from reaching a substrate, and it
becomes possible to improve reliability more.

[0050]Like [ this embodiment ] embodiment 1, about a high dielectric

gate-dielectric-film kind, the kind of that film-forming method and gate electrode,
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etc., even if it chooses other forms, the same effect is acquired. A PMOS
transistor can be similarly created by replacing an N type impurity to a P type
impurity, and replacing a P type impurity to an N type impurity.
[0051][Embodiment 5] The embodiment which applied this invention to DRAM
next is described. Fig.19 shows the outline block configuration of DRAM chip
190. The peripheral circuit 192 where DRAM chip 190 includes DRAM cell
array 191, sense amplifiers and decoders, and those control circuits, It comprises
the 1/0 circuit part 193 including the input output circuit which performs a data
input/output with outside, its control circuit, and the control circuit of the whole
chip, and the power circuit part 194 which supplies power supply voltage.
[0052]Reliable gate oxide with the improvement in memory holding property
and the point of high integration to leak [ little ] to DRAM cell array 191 and a
low sub threshold coefficient are required. It is required for reduction of a sub
threshold coefficient to take high threshold value voltage, and in order to secure
sufficient driving current, high power supply voltage is needed. That is, in
addition to the previous characteristic, to be high withstand pressure is also
demanded as gate dielectric film of DRAM cell array 191.

[0053]As for the power circuit part 194, since high tension is input from outside,
high-withstand-pressure nature is required of the gate dielectric film. In DRAM
peripheral circuit 192 and the I/O circuit part 193, to be high driving force is
demanded from improvement in an amplification characteristic, and the necessity
for high-speed operation.

[0054]In consideration of the above, DRAM cell array 191 constitutes the
transistor Q2 of the region B in embodiment 1 as a cell transistor, and the
peripheral circuit 192 constitutes the transistor Q1 of the region A in embodiment
1 from this embodiment as a constituent child. The transistor composition of the
region B as the cell array 191 where the power circuit part 194 is the same is
preferably used for the I/O circuit part 193 using the transistor composition of the

same region A as the peripheral circuit 192.
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[0055]As a result, improvement in the amplification characteristic of DRAM
peripheral circuit 192 and the I/O circuit part 193 and high-speed operation
nature is attained, without sacrificing the reliability of the gate dielectric film of
the DARM cell array 191 and the power circuit part 194, a leakage characteristic,
and pressure-proofing. It is also possible to apply the transistor composition of
the region A in embodiment 3 to DRAM peripheral circuit 192 and the I/O circuit
part 193, and to apply the transistor composition of the region B to them at
DRAM cell array 191 and the power circuit part 194. According to this, in the
transistor of the region B, when the RIE damage of gate edge does not enter,
drain pressure-proofing can improve and a reliable DRAM cell array can be
obtained.

[0056]Even if the transistor composition of embodiment 2 and the region A of 4
is applied to the peripheral circuit 192 and the 1/O circuit 193 and it applies the
transistor composition of the region B to the cell array 191 and the power circuit
part 194, the preferable performance of each circuit part is obtained similarly.
[0057][Embodiment 6] The embodiment which applied this invention to logic
LSI next is described. Fig.20 shows the block configuration of CMOS logic LSI.
LST chip 200 comprises the I/O circuit part 202 including the input output circuit
of the CMOS logic circuit unit 201, and this and outside, its control circuit, and
the control circuit of the whole chip, and the power circuit part 203 which
supplies power supply voltage.

[0058]Since high driving force is most needed for the transistor which constitutes
the logical-circuit unit 201 in view of the improvement in clock frequency,
reduction in thickness of oxide film conversion thickness is most strongly
required of the gate dielectric film used here. Then, embodiment 2 is applied, the
logical-circuit unit 201 is formed using the transistor composition of the region A,
and the 1I/O circuit part 202 and the power circuit part 203 are formed using the
transistor composition of the region B.

[0059]As a result, improvement in the high-speed operation nature of the
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logical-circuit unit 201 is obtained, without sacrificing the reliability of the gate
dielectric film of the power circuit part 203 and the I/O circuit part 202, a leakage
characteristic, and pressure-proofing. It is also preferable to form the I/O circuit
part 202 and the power circuit part 203 for the logical-circuit unit 201 using the
transistor composition of the region B using the transistor composition of the
region A of embodiment 4. In this case, since the parasitic capacitance between a
gate and a source drain is reduced, the transistor of the region A can obtain high
performance with the transistor of further high driving force [ unit / 202 /
logical-circuit ].

[0060]Even if the transistor composition of embodiment 1 and the region A of 3
is applied to the logical-circuit unit 201 and it applies the transistor composition
of the region B to the I/O circuit part 202 and the power circuit part 203, the
preferable performance of each circuit part is obtained similarly.
[0061][Embodiment 7] Next, the embodiment which applied this invention to
DRAM mixed-loading logic LSI is described. In the case of this embodiment,
high dielectric gate dielectric film is made and divided in three circuit areas.
More specifically as a volume phase of the gate dielectric film of the
logical-circuit unit, Thick silicon oxide is used for the purpose of improvement in
the reliability and pressure-proofing of thin silicon oxide as a volume phase of a
DRAM cell array and a power circuit part in order to obtain the characteristic
which combines driving force and reliability for a thin-film-silicon nitride as a
volume phase of an I/O circuit part for the purpose of improvement in driving
force. By the DRAM cell array and a power circuit part, the structure where a
volume phase remains in a gate edge part is used preferably.

LST of this embodiment. The logical circuit 216, DRAM cell array 217, the 1/0O
circuit 215, and the power circuit part 219 are formed in LSI chip 210. These
circuit parts are divided into three, the region Al, A2, and B, by the composition

of gate dielectric film like a graphic display.
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[0063]Specifically, the transistor formation process of each region is described
with reference to Fig.22 - Fig.27.As shown in Fig.22, to transistor region B of the
transistor region A1 which constitutes the logical-circuit unit 216 on the silicon
single crystal substrate 211, the transistor region A2 which constitutes the /O
circuit part 215 and DRAM cell array 217, and the power circuit part 219, The P
wells 222,221,223 are formed, respectively. and STI (Shallow Trench Isolation)
-- by law, the isolation region 224 is formed and the region Al, A2, and B are
partitioned.

[0064]Next, as shown in Fig.23, form the 25-nm sacrificing oxide film 231 by
heat treatment by the heat treatment temperature of 900 degrees C, and O2
atmosphere, and the 1-micrometer-thick resist mask 232 is formed on the region
A1 and B after that, Boron for adjusting threshold value voltage to the region Al
Injection accelerating voltage 10keV - 30kev, An ion implantation is carried out
on condition of injection dose 5x10'*/cm? - 1x10"*/cm?, and the ion implantation
of the nitrogen is continuously carried out to after an appropriate time with the
same mask on condition of injection dose 5x10'*/injection accelerating voltage
5keV and cm’. Thereby, the thin channel ion implantation layer 234 and the
nitrogen introduction region 233 are formed in the region Al.

[0065]After exfoliating the resist 232 after this, as shown in Fig.24, the resist
mask 241 is formed in the region Al and B, The ion implantation of the boron for
adjusting threshold value voltage to the region A2 is carried out on condition of
injection accelerating voltage 10keV - 30kev, and injection dose 5x10'*/cm” -
1x10"/cm?. Thereby, the thin channel ion implantation layer 242 is formed in the
region A2. Next, the sacrificing oxide film 231 of the region A2 is removed by
rare-fluoric-acid processing, and N, flow rate 200sccm, pressure 0.25Torr, and
RF power 100W perform radical nitrification to this region A2. Thereby, the
silicon nitride film 243 of 1 nm of physical thickness is formed in the region A2.
[0066]Then, after removing the resist 241, as shown in Fig.25, the wrap resist

mask 251 is formed for the region A1 and A2, The ion implantation of the boron
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for adjusting threshold value voltage to the region B is carried out on condition
of injection accelerating voltage 10keV - 30kev, and injection dose 5x10"*/cm” -
1x10"/cm”. Thereby, the thin channel ion implantation layer 252 is formed in the
region B.

[0067]Then, after performing pretreatment which removes the resist 251 and
removes contamination of a  substrate surface, RTA  for
heat-treatment-temperature [ of 1000 degrees C ] and heat-treating-time 10
seconds performs the annealing which activates the impurity of the channel ion
implantation layer 234,242,252 and the nitrogen introduction region 233. And
after rare-fluoric-acid processing performs removal of the sacrificing oxide film
231, and hydrogen termination processing of the silicon substrate 221 surface,
the 5-nm-thick TiO, film 261 is formed as high dielectric gate dielectric film by
DC sputtering method using a TiO, sintering target. The sputtering conditions at
this time are electric power =300W, pressure =1Pa, and Ar/O, flow rate
=22/1.2sccm.

[0068]At this time, 0.7 nm of thickness and the about 2-nm volume phases 262
and 263 are formed in the region Al and B, respectively. Most growth of a
volume phase is inhibited with the silicon nitride film 243 of 1 nm of thickness in
which the silicon substrate surface of the region A2 was formed by
nitrogen-radicals processing. The nitride 243 and the volume phases 262 and 263,
By physical mixing of Ti to the substrate by a TiO, film sputtering, and the
activation annealing performed next, it becomes the silicon nitride film and
silicon oxide which a little Ti mixed, respectively, and that dielectric constant
increases to 10 and about 5, respectively.

electrode 271 by a sputtering method on the TiO2 film 261. And on condition of
the electric power 100W and pressure 20mTorr, TiN film 271 and the TiO2 film
261 are etched by RIE (Ractive lon Etching) with the mixed gas of BCL;, Cl,,

and N,, and a gate electrode is patterned. At this time, the volume phase of
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silicon acid and a nitriding membrane system and the etch selectivity of a TiN
film are as large as 50 or more, Use that the thickness of the nitride 243 and the
volume phases 262 and 263 differs, and 50% of over etching is given to 100 nm
of TiN films, The nitride 243 and the volume phase 262 of the regions A2 and A1
are completely removed on the outside of the gate electrode 271, and the volume
phase 263 of the region B acquires the state of remaining partially. A next process
presupposes that it is the same as that of embodiment 2 except activation
annealing conditions being 800 degrees C and RTA for 30 seconds.

[0070]As a result, silicon oxide conversion thickness serves as the thickest gate
dielectric film, and the transistor of the DARM cell array 217 and the power
circuit part 219 can realize high reliability, a good leakage characteristic, and
high pressure-proofing. Although the transistor of the I/O circuit part 215 has
silicon oxide conversion thickness thinner than a cell array, it is thicker than the
logical-circuit unit 216, and high driving force nature is obtained, without
sacrificing reliability and a leakage characteristic. In the logical-circuit unit 216,
it becomes the thinnest gate dielectric film of silicon oxide conversion thickness,
and it becomes possible to obtain high-speed operation nature.

[0071]About the transistor as which high-speed operation nature is also required
with high withstand pressure like a high frequency analog circuit, It is desirable
for that volume phase 263 to reduce the parasitic capacitance between a gate and
a drain source electrode as what was completely removed in portions other than a
gate electrode on the basis of the gate-dielectric-film structure of the region B of
this embodiment 7.

[0072][Embodiment 8] Next, a p channel MOS transistor (the following, PMOS
transistor) and a n channel MOS transistor. The embodiment which eliminates the
gate width imbalance of the PMOS transistor in a CMOS circuit and an NMOS
transistor constituted by (the following and the NMOS transistor) is described.
Since current driving power of a PMOS transistor is a half of that of an NMOS

transistor when the CMOS circuit which contains a PMOS transistor and an
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NMOS transistor using the same gate dielectric film is formed like before, In
order to arrange both driving current, it is making [ into about 2 times of that of
an NMOS transistor ]-gate width of PMOS transistor necessity. This made the
design of the CMOS circuit inconvenient.

[0073]On the other hand, according to this embodiment, as it is thick at the
NMOS transistor side and becomes thin by the PMOS transistor side about the
thickness of the volume phase which uses a high dielectric film for gate dielectric
film, and is formed between a high dielectric film and a substrate, both current
driving power is arranged. The manufacturing process is described with reference
to Fig.28 - Fig.31.

[0074]As shown in Fig.28, the p type well 282 is formed in the region which
forms the n type well 281 in the region A which forms the PMOS transistor of the
silicon substrate 280, and forms an NMOS transistor. And the element isolation
insulation film 283 is formed by STI, and the regions A and B are partitioned.
[0075]Next, the 25-nm sacrificing oxide film 284 is formed by heat treatment in
the treatment temperature of 900 degrees C, and O2 atmosphere. And the region
B is covered with a resist mask (not shown), and the ion implantation for
threshold value adjustment is performed to the region A. For example, the ion
implantation of the phosphorus is carried out on condition of accelerating voltage
10keV - 30keV, and dose 5x10'* - 1x10"*/cm”. Then, the ion implantation of the
nitrogen is carried out on condition of accelerating voltage SkeV and dose
5x10"cm’ using the same resist mask. Thereby, the thin channel ion implantation
layer 285 and the nitrogen introduction region 286 are formed in the region A.
[0076]Then, a resist is exfoliated, anew, a wrap resist mask is formed for the
region A, and an ion implantation is performed to the region B. Specifically, the
ion implantation of the boron is carried out on condition of accelerating voltage
10keV - 30keV, and dose 5x10" - 1x10"*/cm’. Thereby, the thin channel ion
implantation layer 287 is formed in the region B.

[0077]Then, after performing pretreatment which removes a resist and removes
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contamination of a substrate surface, RTA for temperature [ of 1000 degrees C ]
and processing time 10 seconds performs the annealing which activates the
impurity of the channel ion implantation layer 285,287 and the nitrogen
introduction region 286. Hereafter, gate dielectric film and gate electrode
formation are performed at the same process as embodiment 1.

[0078]Thereby, as shown in Fig.29, in the region A, the gate electrode 291 is
formed on the TiO, film 288 and the gate dielectric film of the laminated
structure of the volume phase 289, and the gate electrode 291 is formed in the
region B on the TiO, film 288 and the gate dielectric film of the laminated
structure of the volume phase 290. The volume phase 290 of the region B grows
and is eventually set to about 2 nm, and in the region A, as a result of diffusion
into the substrate of oxygen being inhibited by the nitrogen introduction region
286, growth of the volume phase 289 will be inhibited and will be about 0.7 nm
eventually.

[0079]In PMOS transistor regionA, the gate dielectric film of 1.6 nm of oxide
film conversion thickness is obtained, and the gate dielectric film of 2.6 nm of
oxide film conversion thickness is obtained in NMOS transistor regionB by the
above. as a result, the ratio of the gate width of a PMOS transistor and an NMOS
transistor -- current driving power can be arranged for Wp/Wn as 1/0.8.

[0080]In this embodiment, it can replace with a nitrogen ion injection and
nitrogen-radicals processing can also be performed as in embodiment 2. The gate
dielectric film of 1.4 nm of oxide film conversion thickness which has a silicon
nitride film in the region A of a PMOS transistor as a volume phase is obtained
by this, and the gate dielectric film of 2.6 nm of oxide film conversion thickness
which has silicon oxide in the region B of an NMOS transistor as a volume phase
is obtained. in this case, the ratio of the gate width of a PMOS transistor and an
NMOS transistor -- current driving power can be arranged for Wp/Wn as 1/0.9.
[0081][Embodiment 9] Next, the embodiment which performs the nitrogen ion

injection for volume phase formation through a gate electrode film after gate
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electrode film formation is described. When nitriding treatment of a substrate is
performed before gate-dielectric-film formation, at the time of the
elevated-temperature crystallization annealing after high dielectric insulator layer
deposition, the excess acid matter contained in contamination oxygen and the
high dielectric insulator layer in atmosphere diffuses to a substrate, oxidizes a
substrate, and promotes growth of a volume phase. If a film like polycrystalline
silicon which oxidizes easily is used for a gate electrode, a volume phase will be
formed also in the interface of a gate electrode and gate dielectric film, and the
increase in oxide film conversion thickness will be caused.

[0082]So, according to this embodiment, when controlling the volume phase
formed in a substrate / high dielectric insulator layer interface by nitriding of the
substrate surface by nitrogen ion injection, after a gate electrode film is formed, a
nitrogen ion injection is performed, and nitrogen is introduced also into a gate
electrode and a high dielectric insulator layer. Thereby, the barrier property to
oxygen is improved and growth of a volume phase is inhibited effectively.
[0083]Specifically, a manufacturing process is described with reference to Fig.30
- Fig.33.As shown in Fig.30, the p type well 301,302 is formed in transistor
formation region [ of the silicon substrate 300 ] A, and B, respectively. And the
element isolation insulation film 303 is embedded by STI, and the regions A and
B are partitioned.

[0084]Next, as shown in Fig.31, the 25-nm sacrificing oxide film 304 is formed
by heat treatment in the treatment temperature of 900 degrees C, and O2
atmosphere. And the ion implantation for threshold value adjustment to the
regions A and B is performed. For example, the ion implantation of the boron is
carried out on condition of accelerating voltage 10keV - 30keV, and dose 5x10"
- 1x10"%/cm?, and the channel ion implantation layer 305,306 is formed.
[0085]Then, as the sacrificing oxide film 304 is removed and it is shown in
Fig.32, the TiO, film 322 which is a high dielectric insulator layer is formed, and

the polycrystalline silicon film 321 is deposited on it. And the region B is
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covered with the resist mask 320, a nitrogen ion injection is performed, and the
nitrogen ion injection region 323 is formed in the region A. Nitrogen is
introduced also into the TiO, film 322 at this time, and this serves as a TiOxNy
film.

[0086]Then, as a resist mask is removed and it is shown in Fig.33, the
polycrystalline silicon film 321 and the TiOxNy film 322 are etched, and a gate
electrode is formed. And RTA processing for temperature [ of 900 degrees C ]
and time 30 seconds is performed for crystallization of the TiOxNy film 322.
Thereby, in the region B, the volume phase 325 which consists of silicon oxide
by diffusion of oxygen from the TiOxNy film 322 is formed. In the region A, the
thin volume phase 324 is formed by the oxidation-resistant improvement in the
substrate by nitrogen ion injection, and improvement in the diffusion barrier
nature to the substrate by nitriding of a high dielectric insulator layer compared
with the region B.

[0087]According to this embodiment, growth of the volume phase 324 in the
region A can be inhibited more by nitrogen introduction to a high dielectric
insulator layer. A dielectric constant can go up a high dielectric film by
introducing nitrogen, and oxide film conversion thickness of gate dielectric film
can be made thinner in the region A.

[0088][Embodiment 10] In next, the case of the decision crystallization annealing
of a high dielectric insulator layer, The embodiment which controls volume
phase growth of a substrate / high dielectric insulator layer interface is described
by making an oxidation-resistant low material film absorb selectively the excess
acid matter contained in minute amount oxygen and high dielectric insulator
layers, such as contamination oxygen contained in annealing atmosphere.
Nitriding of a substrate is not performed in this embodiment.

[0089]As shown in Fig.34, the p type well 341,342 is formed in transistor
formation region [ of the silicon substrate 340 ] A, and B, respectively. And the

element isolation insulation film 343 is embedded by STI, and the regions A and
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B are partitioned. Next, the 25-nm sacrificing oxide film 344 is formed by heat
treatment in the treatment temperature of 900 degrees C, and O2 atmosphere.
And the ion implantation for threshold value adjustment to the regions A and B is
performed. For example, the ion implantation of the boron is carried out on
condition of accelerating voltage 10keV - 30keV, and dose 5x10" - 1x10"/cm?,
and the channel ion implantation layer 345,346 is formed.

[0090]Then, as shown in Fig.35, the TiO, film 351 which is a high dielectric
insulator layer is formed, and the polycrystalline silicon film 352 is deposited on
it. And it leaves the polycrystalline silicon film 352 to the region A, and etches
and removes in the region B. In this state, 900 degrees C and RTA for 30 seconds
perform crystallization heat treatment of a high dielectric insulator layer. At this
time, in the region B, a substrate surface oxidizes and the volume phase 354 is
formed of the oxygen diffusion from the TiO, film 351. In the region A, as a
result of absorbing the excess acid matter in a TiO, film into the polycrystalline
silicon film 352 on it and being consumed, oxidation of a substrate interface is
inhibited and the thin volume phase 353 is formed compared with the region B.
[0091]Then, after phosphating removes the polycrystalline silicon film 350 and
also it removes an oxide by fluoric acid processing, it deposits a polycrystalline
silicon film anew and forms a gate electrode.

[0092]A transistor with the gate dielectric film which has the physical thickness
which can inhibit direct tunneling current sufficiently and from which oxide film
conversion thickness differs on the same substrate also by this embodiment can
be formed.

[0093]

[Effect of the Invention]As stated above, when forming gate dielectric film with
a high dielectric film according to this invention, several transistors from which
gate-dielectric-film structure differs can be made and divided with optimal

characteristics by controlling that interface state, respectively.
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Machine Translation of

Japanese Patent Publication No. 2004-079606

* NOTICES *

JPO and INPIT are not responsible for any

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.
2. ##%* shows the word which can not be translated.

3. In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]

A semiconductor device which has a high dielectric constant film in which a
dielectric constant is characterized by providing an element part which has
several insulator layers which consist of a laminated structure which has a high
dielectric constant film of 10-40, and in which thickness differs mutually by
thickness whose dielectric constant is uniform on an insulator layer of two or
more thickness at less than ten.

[Claim 2]

A semiconductor device with which the above-mentioned high dielectric constant
film has oxidation hafnium, zirconium oxide, yttrium oxide, a lanthanum trioxide
and its silicate, aluminate and an aluminum oxide, or the high dielectric constant

film according to claim 1 in which it is characterized by including at least one
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film in 5 tantalum oxide.

[Claim 3]

A manufacturing method of a semiconductor device which has a high dielectric
constant film controlling thickness by oxidation partially to an interface with the
aforementioned semiconductor substrate, and forming an oxide film after a
dielectric constant forms a high dielectric constant film of 10-40 on a
semiconductor substrate.

[Claim 4]

A manufacturing method of a semiconductor device which has the high dielectric
constant film according to claim 3 using a silicon nitride film pattern formed on
the above-mentioned high dielectric constant film as a selective oxidation film in
the above-mentioned oxidation process.

[Claim 5]

A manufacturing method of a semiconductor device which has the high dielectric
constant film according to claim 3 or 4 performing the above-mentioned

oxidation process at temperature of 250-600 degrees C.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]

The present invention relates to a semiconductor device which has a high
dielectric constant film, and a manufacturing method for the same, and relates to
a semiconductor device which has a high dielectric constant film which has the
characteristics in the composition for forming in the same board the gate
dielectric film of thickness which plurality is thin and is different especially, and
a manufacturing method for the same.

[0002]
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[Description of the Prior Art]

In a common semiconductor integrated circuit device (LSI), the element from
which the characteristic needed in a core part, a peripheral circuit part, I/O parts,
etc., such as Logic, differed is intermingled, and is formed, and several different
supply voltage values according to a different element characteristic are applied.
[0003]

Since it uses the gate dielectric film of different thickness according to the
characteristic in forming the semiconductor device of such several different
characteristics, for example, MOSFET, with reference to Fig.8 and Fig.9, the
manufacturing process of conventional gate dielectric film is described here.
[0004]

Refer to Fig.8 (a).

First, after oxidizing the silicon substrate 61 thermally and forming the oxidizing
film 62, the resist pattern 63 is formed so that element parts with the highest
impressed electromotive force, such as an I/O part, may be covered, and the
oxidizing film 62 which exposes this resist pattern 63 as a mask is removed.
[0005]

Refer to Fig.8 (b).

Subsequently, after removing the resist pattern 63, the oxidizing film 64 is
formed by oxidizing thermally again.

At this time, the thickness of the oxidizing film 62 formed first increases.

[0006]

Refer to Fig.8 (¢).

Subsequently, the resist pattern 65 is provided and the oxidizing film 64 to
expose is removed so that the element part which applies middle voltage, such as
an element part with the highest impressed electromotive force and a peripheral
circuit part, may be covered.

[0007]

Refer to Fig.8 (d).

Page 256 of 339



Subsequently, after removing the resist pattern 65, the oxidizing film 66 is
formed by oxidizing thermally again.

At this time, the thickness of the oxidizing film 62 and the oxidizing film 64
increases, and forms three kinds of different oxidizing films 62, 64, and 66 on the
same board.

[0008]

A logic element etc. will be formed in the region which formed the oxidizing film
66 in the region which formed the oxidizing film 64 in the region in which the
oxidizing film 62 was formed for the I/O element for the peripheral circuit
element again by passing through the usual element formation process henceforth.
[0009]

In order to carry out such a thermal oxidation process at once, the method of
using an ion implantation and combining slowdown oxidation and accelerating
oxidation is also proposed.

Refer to Fig.9 (a).

First, the resist pattern 72 is formed so that the element part which applies an
element part and middle voltage with the highest impressed electromotive force
to the surface of the silicon substrate 71 may be covered, the ion implantation of
the N ion 73 which is a slowdown oxidation element is selectively carried out to
an exposed surface, and the N injection region 74 is formed.

[0010]

Refer to Fig.9 (b).

Subsequently, after removing the resist pattern 72, the new resist pattern 75 is
formed so that only an element part with the highest impressed electromotive
force may be exposed to the surface of the silicon substrate 71, the ion
implantation of the F ion 76 which is an accelerating oxidation element is
selectively carried out to an exposed surface, and the F injection region 77 is
formed.

[0011]
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Refer to Fig.9 (¢).

Subsequently, after removing the resist pattern 75, the oxidizing films 78, 79, and
80 are formed at once by oxidizing thermally.

In this case, the oxidizing film 78 formed in the N injection region 74 which
injected N which is a slowdown oxidation element is the thinnest, and the
oxidizing film 80 formed in the F injection region 77 which injected F which is
an accelerating oxidation element becomes the thickest.

[0012]

In recent years, each semiconductor device is increasingly micronized with
progress of processing technology of a semiconductor integrated circuit device,
also in MOSFET, it will micronize and gate dielectric film will be even about
-1nm.

It is becoming difficult to constitute such thin gate dielectric film with an

oxidizing film.

[0013]

That is, if gate dielectric film becomes thin so far, a quantum effect will actualize,
leakage current increases rapidly according to the tunnel effect, and the problem
that the OFF state current will increase, and power consumption will not increase,
or circuit operation will not be carried out is occurring.

[0014]

Then, although it is necessary to suppress leakage current, the 2nd is thickening
physical thickness the 3rd in which the barrier heights to a carrier to which
process management enlarges those with three and the effective mass in a gate
film is enlarged the 1st are enlarged.

[0015]

Among this, since the first solution is not known well, it cannot consider the
effective mass in a gate film to be a measure easily.

About the 2nd and 3rd solutions, if it is in the tendency which becomes small
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when a dielectric constant will become largely, if it thinks from barrier heights,
and it is going to secure the barrier heights more than 1 eV, it turns out that a
dielectric constant will call it the material not more than -20, and should not just
make a dielectric constant high necessarily.

[0016]

I hear that a dielectric constant is [ about ten to 20 material ] preferable, and
aluminum,0;, ZrO,, HfO,, Ta,0s, etc. have gone up from the above thing as a
candidate of gate dielectric film.

[0017]

[Problem to be solved by the invention]

However, the element which has thick gate dielectric film which a high dielectric
constant film generally has the problem that it is difficult to etch selectively
compared with a Si0O, film, and applies high tension does not necessarily need to
use a high dielectric constant film.

[0018]

Then, in order to make gate dielectric film thin, the semiconductor integrated
circuit device with which the transistor which surely needs a high dielectric
constant film, and an extraordinarily unnecessary transistor live together will be
constituted, but. It is necessary for each transistors to make gate dielectric film
independently, and a process becomes very complicated, the yield is bad, and
cost becomes high, and the problem of also taking a delivery date arises.

[0019]

Therefore, the present invention is different thickness and an object of the present
invention is to form the thin gate dielectric film of SiO, conversion thickness at
an easy process.

[0020]

[Means for solving problem]

Fig.1 is an explanatory view of the theoretic composition of the present invention,

and describes The means for solving a technical problem in the present invention
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with reference to this Fig.1.

Refer to Fig.1.

In the semiconductor device with which the present invention has a high
dielectric constant film in order to attain the above-mentioned purpose, A
dielectric constant provides the element part which has two or more insulator
layers of mutually different thickness which consists of a laminated structure
which has the high dielectric constant film 5 of 10-40 by the thickness whose
dielectric constant is uniform on the insulator layers 2-4 of two or more thickness
at less than ten.

[0021]

Thus, also when a dielectric constant forms a minute element in the whole
surface by uniform thickness 10-40, and by providing the high dielectric constant
film 5 of 10-20 more preferably, etching of the high dielectric constant film 5
becomes unnecessary, and a manufacturing process can be simplified.

For example, when forming gate structure, etching of the high dielectric constant
film 5 is needed.

[0022]

The thickness of the less than ten insulator layers 2-4 does not need to be not
necessarily different thickness, and the thickness of the insulator layer which
consists of laminated structures may have a uniform dielectric constant used as
the lower layer of the high dielectric constant film 5.

[0023]

As such a high dielectric constant film 5, oxidation hafnium (HfO,), Zirconium
oxide (ZrO,), yttrium oxide (Y,0;), A lanthanum trioxide (La,0Os) and its silicate,
aluminate and an aluminum oxide (aluminum,Q0;), or 5 tantalum oxide (Ta,0s) is
preferable.

However, there is no low-temperature-oxidation operation in aluminum,QO; and
Ta,Os.

[0024]

Page 260 of 339



Although the insulator layer of a laminated structure may be used as a dielectric
film of a capacitor, the gate dielectric film of MOSFET is the most typical.

[0025]

a dielectric constant -- the less than ten insulator layers 2-4 -- a Si0, deposited
film -- or, the pole which is an autooxidation film of the semiconductor substrate
1, or was made to deposit the autooxidation film of the semiconductor substrate 1,
and on it typically although the cascade screen which deposited the very thin SiN
film on the Si0, deposited film may be used -- the cascade screen which consists
of a thin SiN film may be sufficient.

If the surface of the semiconductor substrate 1 is silicon, it will become a Si0,
film, and if the surface of the semiconductor substrate 1 is SiGe, it will become
S510,-GeO, film mixture.

[0026]

In forming an above-mentioned structure, while the dielectric constant of two or
more thickness forms the less than ten insulator layers 2-4 on the semiconductor
substrate 1, After exposing a part of semiconductor substrate 1, a dielectric
constant forms the high dielectric constant film 5 of 10-40 on the whole surface
by uniform thickness, and the aforementioned dielectric constant should just
form in it the insulator layer of two or more thickness in which the less than ten
insulator layers 2-4 and a dielectric constant consist of a laminated structure with
the high dielectric constant film 5 of 10-40.

[0027]

Or what is necessary is to control thickness by oxidation partially to an interface
with the semiconductor substrate 1, and just to form an oxide film, after a
dielectric constant forms the high dielectric constant film 5 of 10-40 on the
semiconductor substrate 1.

[0028]

What is necessary is just to use the silicon nitride film pattern formed on the high

dielectric constant film 5 as a selective oxidation film in the oxidation process in
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this case.

By using heat phosphoric acid in the pattern process of a silicon nitride film, soft
etching becomes possible and a damage is not given to the high dielectric
constant film 5 of a ground by it.

[0029]

As for this oxidation process, it is more preferably desirable to carry out at
300-500 degrees C low temperature 250-600 degrees C, and the doping profile of
channel doped regions is not affected by influence by it.

[0030]

As a method for film deposition of the high dielectric constant film 5, the atomic
layer-chemical-vapor-deposition method (the ALCVD method) is desirable, and
since an oxide film can be formed in the interface of the high dielectric constant
film 5 and the semiconductor substrate 1 in a film-forming process by it,
interface state density can be reduced.

[0031]

[Mode for carrying out the invention]

Although the manufacturing process of the first embodiment of the present
invention is described with reference to Fig.2, in order to describe simply, only
the manufacturing process of gate dielectric film is described here.

Refer to Fig.2 (a).

First, after oxidizing the silicon substrate 11 thermally and forming the oxide film
12 as usual, the resist pattern 13 is formed so that element parts with the highest
impressed electromotive force, such as an I/O part, may be covered, and the
oxide film 12 which exposes this resist pattern 13 as a mask is removed.

[0032]

Refer to Fig.2 (b).

Subsequently, after removing the resist pattern 13, the oxide film 14 is formed by
oxidizing thermally again.

At this time, the thickness of the oxide film 12 formed first increases.
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[0033]

Refer to Fig.2 (¢).

Subsequently, the resist pattern 15 is provided and the oxide film 14 to expose is
removed so that the element part which applies middle voltage, such as an
element part with the highest impressed electromotive force and a peripheral
circuit part, may be covered.

[0034]

Refer to Fig.2 (d).

Subsequently, after removing the resist pattern 65, using HCI+H,0,, perform
SC2 washing and it ranks second, In 300 degrees C, the HfO, film 16 is formed
under the pressure of 1Torr, using the ALCVD method (atomic layer-CVD
method) which supplies HfCl, and H,O alternately.

N, gas is used as purge gas at the time of supplying HfCl, and H,O alternately.
[0035]

At this time, the thin SiO, film 17, i.e., a low-temperature-oxidation film, is
formed in an interface in the region to which the HfO, film 16 touches the silicon
substrate 11 directly.

This is conjectured for the binding energy of O, to become small, to be easy to
become active O atom, and for this O atom to react by an interface, and to form a
Si0, film also in about 300 degrees C low temperature into the HfO, film 16.
[0036]

In the region which formed henceforth the element which has thick gate
dielectric film of HfO,/Si0, structure in the region in which the thick oxide film
12 was formed, and formed the oxide film 14, What is necessary is to form the
element which has gate dielectric film of the middle thickness of HfO,/SiO,
structure, and just to form the element which has thin gate dielectric film of HfO,
(/S10,) structure in the region on which HfO, was made to deposit directly.
[0037]

Thus, in the first embodiment of the present invention, Since the HfO, film
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which is a high dielectric constant film has been formed in the whole surface, a
manufacturing process can be simplified also when HfO, is used for the element
which the etching step of a HfO, film is unnecessary and needs the thinnest gate
dielectric film.

[0038]

Since the low-temperature-oxidation film 17 is formed in an interface with the
silicon substrate 11, in the case of a HfO, film, the termination of the dangling
bond in an interface can be carried out, and an interfacial characteristic can be
improved to it.

[0039]

Next, although the manufacturing process of the second embodiment of the
present invention is described with reference to Fig.3, in order to describe simply
also in this case, only the manufacturing process of gate dielectric film is
described.

Refer to Fig.3 (a).

First, the HfO, film 22 is formed all over the silicon substrate 21 like the stage
film formation in the above-mentioned first embodiment using the ALCVD
method which supplies HfCl, and H,O alternately.

Also in this case, the thin SiO, film 23, i.e., a low-temperature-oxidation film, is
formed in the interface of the HfO, film 22 and the silicon substrate 21.

[0040]

Subsequently, after depositing sequentially SiN film 24 and the SiO, film 25
using a CVD method, The resist pattern 26 is provided so that the region which
forms an element with the highest impressed electromotive force may be exposed,
and etching removal of the exposed part of the SiO, film 25 and SiN film 24 is
sequentially carried out by using this resist pattern 26 as a mask.

[0041]

Refer to Fig.3 (b).

Subsequently, after removing the resist pattern 26, using SiN film 24 as a
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selective oxidation film at 250-600 degrees C, for example, 300 degrees C, By
carrying out low temperature oxidation into the oxidizing atmosphere of
1x10”Torr, the low-temperature-oxidation film 27 is formed directly under the
exposed HfO, film 22.

When O, in an oxidizing atmosphere advances into the HfO, film 22 also in this
case, It is surmised that the binding energy of O, becomes small, are easy to
become active O atom, this O atom reacts by an interface, and a SiO, film is
formed also in about 300 degrees C low temperature into the HfO, film 22.
[0042]

Refer to Fig.3 (c).

Subsequently, the resist pattern 28 is provided so that the region which forms an
element with the lowest impressed electromotive force may be covered, and
etching removal of the exposed part of the SiO, film 25 and SiN film 24 is
sequentially carried out by using this resist pattern 28 as a mask.

[0043]

Refer to Fig.3 (d).

Subsequently, after removing the resist pattern 28, the low-temperature-oxidation
film 29 is again formed directly under the exposed HfO, film 22 by carrying out
low temperature oxidation at 250-600 degrees C, for example, 300 degrees C,
using SiN film 24 as a selective oxidation film.

At this time, the thickness of the low-temperature-oxidation film 27 formed first
is increasing.

[0044]

Refer to Fig.3 (e).

What is necessary is just to form in the same substrate MOSFET which has gate
dielectric film of three different thickness by removing the SiO, film 25 and SiN
film 24 which remain at the end.

[0045]

Thus, also in the second embodiment of the present invention, since the HfO,
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film which is a high dielectric constant film has been formed in the whole surface,
A manufacturing process can be simplified also when HfO, is used for the
element which the etching step of a HfO, film is unnecessary and needs the
thinnest gate dielectric film.

[0046]

Since the oxidation process in the second embodiment of the present invention is
a low-temperature-oxidation process of 600 degrees C or less and there is little
influence which it has on the doping profile in channel doped regions, control of
an element characteristic becomes easy.

[0047]

Next, with reference to Fig.4 thru/or Fig.7, a 3rd embodiment of the present
invention which applied the process of the above-mentioned second embodiment
to the manufacturing process of the semiconductor integrated circuit specifically
is described.

However, in order to illustrate simply, it describes here as a manufacturing
process of MOSFET which has the gate dielectric film in which two thickness,
the Logic section and a peripheral circuit part, differed.

[0048]

Refer to Fig.4 (a).

First, by performing HCIl oxidation in 850 degrees C like the manufacturing
process of the conventional MOSIC, for example, After thickness forms the
10-nm Si0O, film 32 in the surface of the n type silicon substrate 31, for example,
for example, thickness makes 100-nm SiN film 33 deposit on it using a
decompression chemical-vapor-deposition method (LPCVD method).

[0049]

Refer to Fig.4 (b).

Subsequently, the depth forms the 200-nm isolation groove 34, for example by
providing the resist pattern (a graphic display is omitted) which leaves SiN film

33 only to an element formation region, and performing dry etching by using this
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resist pattern as a mask.

[0050]

Refer to Fig.4 (¢).

Subsequently, after removing a resist pattern, thickness forms the 10-nm liner
oxide film 35 in the surface of the isolation groove 34 by performing HCI
oxidation in 850 degrees C again, for example.

[0051]

Subsequently, using a high-density-plasma CVD method (HDP-CVD method)
thickness, For example, after making the 500-nm HDP-SiO, film 36 deposit,
CMP (chemical machinery polish) -- by removing the HDP-Si0O, film 36, the
isolation groove 34 is embedded by the HDP-SiO, film 36 until it uses SiN film
33 as a stopper using law and SiN film 33 is exposed.

This HDP-Si0, film 36 and liner oxide film 35 that were embedded turn into the
embedded oxide film 37.

[0052]

Refer to Fig.4 (d).

Subsequently, after removing SiN film 33 using heat phosphoric acid, HF
removes the Si0; film 32.

In the removal process of this SiO, film 32, since the surface of the embedded
oxide film 37 is also etched, the surface becomes flat.

[0053]

Refer to Fig.5 (e).

Subsequently, after forming the 10-nm through oxide film 38 for ion
implantations in the surface of the n type silicon substrate 31, for example, when
thickness carries out the ion implantation of the B ion to it with high acceleration
energy, a deep position -- a well -- while forming the ion implantation region 39
for formation, the ion implantation region 40 for channel-doped-regions
formation is formed in the surface by carrying out the ion implantation of the B

ion with low accelerating energy.
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[0054]

Refer to Fig.5 (f).

Subsequently, while performing heat treatment which activates the injected ion
and forming the p type well region 41, after forming the channel doped regions
42 in the surface, the through oxide film 38 is removed.

[0055]

Refer to Fig.5 (g).

Subsequently, after performing SC2 washing processing using HCI+H,0,,
thickness forms the 3-nm HfO, film 43 in the whole surface using the ALCVD
method which supplies HfCl, and H,O alternately, for example.

Also in this case, the thin low-temperature-oxidation film 44 is formed in the
interface of the HfO, film 43 and the p type well region 41.

[0056]

Subsequently, for example, 20-nm SiN film 45 and thickness make the 20-nm
Si0, film 46 deposit [ thickness ] sequentially all over the HfO, film 43 using an
LPCVD method.

[0057]

Refer to Fig.5 (h).

Subsequently, provide the resist pattern 47 so that the Logic section may be
covered, and etch the SiO, film 46 which exposes this resist pattern 47 as a mask,
and it ranks second, Etching removal of SiN film 45 is carried out using heat
phosphoric acid, i.e., phosphoric acid voile, by using the SiO, film 46 as a mask.
Since etching using this phosphoric acid voile is soft etching, a damage is not
given to the HfO, film 43 of a ground.

[0058]

Refer to Fig.6 (1).

Subsequently, after removing the resist pattern 47, use SiN film 45 as a selective
oxidation mask, and in the oxidizing atmosphere of 1x10”Torr, In the exposed

part of the HfO, film 43, thickness forms the 3-nm low-temperature-oxidation
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film 48 in an interface with the p type well region 41, for example by
heat-treating at 250-600 degrees C, for example, 300 degrees C. Since this heat
treatment is performed at the low temperature of 300 degrees C, the doping
profile of the channel doped regions 42 is not affected by influence.

[0059]

Refer to Fig.6 (j).

Subsequently, after removing sequentially the SiO, film 46 and SiN film 45
which remain using fluoric acid and heat phosphoric acid, after thickness makes
the 100-nm polycrystalline silicon film 49 deposit on the whole surface, it injects
P ion into the whole surface, and converts to a n type on it, for example.

[0060]

Refer to Fig.6 (k).

Subsequently, the gate structure which uses the silicon gate electrode 50, the
HfO, film 43, and the low-temperature-oxidation films 44 and 48 as gate
dielectric film is formed by patterning the polycrystalline silicon film 49, the
HfO, film 43, and the low-temperature-oxidation films 44 and 48.

Subsequently, the n type extension region 51 is formed by injecting As ion with
low accelerating energy by using gate structure as a mask.

[0061]

Refer to Fig.6 (D).

Subsequently, after making a thick SiO, film deposit on the whole surface using
an LPCVD method, by performing anisotropic etching, form the sidewall 52 and
it ranks second, The n type source drain area 53 is formed by carrying out the ion
implantation of the As ion with high acceleration energy by using gate structure
and the sidewall 52 as a mask.

[0062]

Refer to Fig.7 (m).

Subsequently, for example, thickness makes 30-nm Co film 54 deposit on the

whole surface using sputtering process.
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[0063]

Refer to Fig.7 (n).

Subsequently, in N, atmosphere at the temperature of 400-600 degrees C, for
example, 500 degrees C, By performing rapid heat treatment (Rapid Thermal
Annealing:RTA) for 10 to 900 seconds, for example, 30 seconds, The Co silicide
layer 56 which makes the surface of Co film 54 and the silicon gate electrode 50
and the surface of the n type source drain area 53 react, and serves as the Co
silicide layer 55 and a source drain electrode is formed.

[0064]

Refer to Fig.7 (o).

Subsequently, after removing unreacted Co film 54 by performing etching for 20
minutes with the mixed liquor of H,SO4:H,0,=3:1, a BPSG film is made to
deposit on the whole surface, and the interlayer insulation film 57 is formed by
grinding and flattening by the CMP method.

In order to form the wiring structure to need henceforth, the formation process of
a via, the formation process of wiring, And the semiconductor integrated circuit
device containing MOSFET which has gate dielectric film with the thinnest
thickness which has the HfO, film 43 which is a high dielectric constant film in
the Logic section with the lowest impressed electromotive force is completed by
repeating the formation process of an interlayer insulation film.

[0065]

Thus, in a 3rd embodiment of the present invention, Since the gate dielectric film
in which thickness differs is formed by alternative low temperature oxidation,
without patterning a high dielectric constant film while using a high dielectric
constant film when forming the gate dielectric film of different thickness, a
manufacturing process is simplified substantially.

[0066]

What is necessary is to carry out selection low temperature oxidation of the 1/0

part, to rank second and just to carry out selection low temperature oxidation of
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the peripheral circuit part like Fig.6 (i) first, in the above-mentioned description,
in forming an I/O part although described only as a manufacturing process of the
Logic section and a peripheral circuit part.

[0067]

As mentioned above, although each embodiment of the present invention has
been described, the present invention is not limited to the composition described
in each embodiment, and various kinds of change is possible for it.

For example, in the description of each of above-mentioned embodiments,
although the silicon substrate is used as a substrate, It is not restricted to a silicon
substrate, the epitaxial substrate which grew up the SiGe layer on a SiGe board
or a silicon substrate may be used, and an oxide film turns into film mixture of
S10,-GeO, in that case.

[0068]

In each of above-mentioned embodiments, although HfO, is used as a high
dielectric constant film, Not the thing restricted to HfO, but the film which has a
dielectric constant of 10-40, For example, zirconium oxide (ZrO,), yttrium oxide
(Y,05), A lanthanum trioxide (La,05) and its silicate, aluminate and an aluminum
oxide (aluminum,0;), or 5 tantalum oxide (Ta,Os) may be used.

However, there is no low-temperature-oxidation operation in aluminum,QO; and
Ta,0s.

[0069]

In each of above-mentioned embodiments, although the ALCVD method is used
as a method for film deposition of a high dielectric constant film, it is not
restricted to the ALCVD method and sputtering process may be used, for
example.

[0070]

Although the oxidizing film is used as a ground insulator layer in which the
thickness of a high dielectric constant film differs, the above-mentioned first

embodiment smell, As long as not the thing restricted to an oxidizing film but a
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dielectric constant is less than ten insulator layer, a deposited film may be used,
and this ground insulator layer is not restricted to monolayer, and may use the
cascade screen which made the thin nitride deposit on an oxidizing film or a
deposited film.

[0071]

In the above-mentioned 1st and second embodiment, although described as a
formation process of three kinds of different lamination insulator layers, To say
nothing of using for the formation process of two kinds of different lamination
insulator layers, according to the element characteristic needed in 1 chip, four or
more kinds of different lamination insulator layers may be formed, and the
number of times of oxidation and the number of times of etching only increase in
that case.

[0072]

Although the lamination insulator layer containing a high dielectric constant film
is used as gate dielectric film in the form of each of above-mentioned
embodiments, It is not restricted to gate dielectric film, also when forming the
capacitor of different capacity, it is applied, and further, it can use also as a tunnel
insulating film, and it can constitute so that the tunnel characteristic in each
element may be differed.

[0073]

Although it is describing as a formation process of the lamination insulator layer
of different thickness in the form of each of above-mentioned embodiments, In
[ it is not necessary to necessarily make it different thickness, also when
considering it as a uniform lamination insulator layer at the whole, are applied,
and ] the especially above-mentioned second embodiment, Since it becomes an
about 300 degrees C low temperature process, when manufacturing a
semiconductor integrated circuit device by a low temperature process of 500
degrees C or less, it becomes a promising method about a whole process.

[0074]
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Here, with reference to Fig.1, the detailed characteristics of the present invention
are described anew again.

Again, it is referring to the Fig. 1.

(Additional remark 1) Semiconductor device which has a high dielectric constant
film in which a dielectric constant is characterized by providing the element part
which has several insulator layers which consist of a laminated structure which
has the high dielectric constant film 5 of 10-40, and in which thickness differs
mutually by the thickness whose dielectric constant is uniform on the insulator
layers 2-4 of two or more thickness at less than ten.

(Additional remark 2) Semiconductor device which has a high dielectric constant
film in which a dielectric constant is characterized by having an element part
which has an insulator layer which consists of a laminated structure which has
the high dielectric constant film 5 of 10-40 by thickness with a dielectric constant
uniform on the less than ten insulator layers 2-4.

(Additional remark 3) the above-mentioned high dielectric constant film 5 --
oxidation hafnium, zirconium oxide, yttrium oxide, a lanthanum trioxide and its
silicate, and aluminate and an aluminum oxide -- or, A semiconductor device
which has a high dielectric constant film of the additional remark 1 containing at
least one film in 5 tantalum oxide, or 2 descriptions.

(Additional remark 4) Semiconductor device which has a high dielectric constant
film of the description to any 1 of the additional remarks 1 thru/or 3, wherein the
insulator layer of the above-mentioned laminated structure is gate dielectric film.
(Additional remark 5) Semiconductor device which has a high dielectric constant
film of the description to any 1 of the additional remarks 1 thru/or 4 to which the
above-mentioned dielectric constant is characterized by the less than ten insulator
layers 2-4 being autooxidation films of the semiconductor substrate 1.
(Additional remark 6) While a dielectric constant forms the insulator layers 2-4
of two or more thickness by less than ten on the semiconductor substrate 1, After

exposing a part of aforementioned semiconductor substrate 1, a dielectric
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constant forms the high dielectric constant film 5 of 10-40 by uniform thickness
on the whole surface, A manufacturing method of the semiconductor device with
which the aforementioned dielectric constant has a high dielectric constant film
providing the less than ten insulator layers 2-4 and several insulator layers in
which a dielectric constant consists of a laminated structure with the high
dielectric constant film 5 of 10-40, and in which thickness differs mutually to
each element part.

(Additional remark 7) Manufacturing method of the semiconductor device which
has a high dielectric constant film controlling thickness by oxidation partially to
an interface with the aforementioned semiconductor substrate 1, and forming an
oxide film after a dielectric constant forms the high dielectric constant film 5 of
10-40 on the semiconductor substrate 1.

(Additional remark 8) Manufacturing method of the semiconductor device which
has a high dielectric constant film of the additional remark 7 description using
the silicon nitride film pattern formed on the above-mentioned high dielectric
constant film 5 as a selective oxidation film in the above-mentioned oxidation
process.

(Additional remark 9) Manufacturing method of the semiconductor device which
has a high dielectric constant film of the additional remark 8 description using
phosphoric acid voile in the pattern process of the above-mentioned silicon
nitride film.

(Additional remark 10) Manufacturing method of the semiconductor device
which has a high dielectric constant film of the description to any 1 of the
additional remarks 7 thru/or 9 performing the above-mentioned oxidation process
at the temperature of 250-600 degrees C.

(Additional remark 11) Manufacturing method of the semiconductor device
which has a high dielectric constant film of the description to any 1 of the
additional remarks 6 thru/or 10 characterized by using the atomic

layer-chemical-vapor-deposition method as a method for film deposition of the
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above-mentioned high dielectric constant film 3.

[0075]

[Effect of the Invention]

When forming the lamination insulator layer in which thickness differs mutually
in two or more element parts according to the present invention, Since the
dielectric constant which a dielectric constant provides the high dielectric
constant film of 10-40 on the whole surface at least, and serves as the ground is
only by changing the thickness of less than ten insulator layer, the place which a
manufacturing process is simplified and contributes to high-throughput-izing of a
highly-integrated semiconductor integrated circuit device and low cost-ization by
extension is large.

[Brief Description of the Drawings]

[Drawing 111t is an explanatory view of the theoretic composition of the present
invention.

{Drawing 21It is an explanatory view of the manufacturing process of the first
embodiment of the present invention.

{Drawing 311t is an explanatory view of the manufacturing process of the second
embodiment of the present invention.

of a 3rd embodiment of the present invention.

{Drawing 51It is an explanatory view of the manufacturing process to the middle
after the Fig.4 of a 3rd embodiment of the present invention.

{Drawing 611t 1s an explanatory view of the manufacturing process to the middle
after the Fig.5 of a 3rd embodiment of the present invention.

e

[Drawing 71t is an explanatory view of the manufacturing process after the Fig.6
of a 3rd embodiment of the present invention.

{Drawing 81It is an explanatory view of the formation process of conventional
gate dielectric film.

{Drawing 911t is an explanatory view of the formation process of the gate

22

Page 275 of 339



dielectric film which combined the conventional slowdown oxidation and
accelerating oxidation.
[Explanations of letters or numerals]
1 Semiconductor substrate

2 Insulator layer

3 Insulator layer

4 Insulator layer

5 High dielectric constant film

11 Silicon substrate

12 Oxide film

13 Resist pattern

14 Oxide film

15 Resist pattern

16 HfO, film

17 Low-temperature-oxidation film
21 Silicon substrate

22 HfO, film

23 Low-temperature-oxidation film
24 SiN film

25 Si0, film

26 Resist pattern

27 Low-temperature-oxidation film
28 Resist pattern

29 Low-temperature-oxidation film
31 N type silicon substrate

32 Si0, film

33 SiN film

34 Isolation groove

35 Liner oxide film
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36 HDP-SiO, film

37 Embedded oxide film

38 Through oxide film

39 Ion implantation region

40 Ion implantation region

41 P type well region

42 Channel doped regions

43 HfO, film

44 Low-temperature-oxidation film
45 SiN film

46 Si0, film

47 Resist pattern

48 Low-temperature-oxidation film
49 Polycrystalline silicon film
50 Silicon gate electrode

51 N type extension region
52 Sidewall

53 N type source drain area
54 Co film

55 Cossilicide layer

56 Co silicide layer

57 Interlayer insulation film
61 Silicon substrate

62 Oxidizing film

63 Resist pattern

64 Oxidizing film

65 Resist pattern

66 Oxidizing film

71 Silicon substrate
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72 Resist pattern

73 N ion

74 N injection region
75 Resist pattern

76 F ion

77 F injection region
78 Oxidizing film

79 Oxidizing film

80 Oxidizing film
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[Written Amendment]

[Filing date]Heisei 17(2005) August 3 (2005.8.3)
[Amendment 1]

[Document to be Amended]Description

[Ttem(s) to be Amended]Title of invention
[Method of Amendment]Change

[The contents of correction]

[Title of the Invention]A manufacturing method of a semiconductor device which has a
high dielectric constant film

[Amendment 2]

[Document to be Amended]Description

[Ttem(s) to be Amended]Claims

[Method of Amendment]Change

[The contents of correction]
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[Claim(s)]

[Claim 1]

While a dielectric constant forms an insulator layer of two or more thickness by less
than ten on a semiconductor substrate, After exposing a part of aforementioned
semiconductor substrate, a dielectric constant forms a high dielectric constant film of
10-40 by uniform thickness on the whole surface, A manufacturing method of a
semiconductor device with which the aforementioned dielectric constant has a high
dielectric constant film providing less than ten insulator layer and several insulator
layers in which a dielectric constant consists of a laminated structure with a high
dielectric constant film of 10-40, and in which thickness differs mutually to each
element part.

[Claim 2]

A manufacturing method of a semiconductor device which has a high dielectric constant
film controlling thickness by oxidation partially to an interface with the aforementioned
semiconductor substrate, and forming an oxide film after a dielectric constant forms a
high dielectric constant film of 10-40 on a semiconductor substrate.

[Claim 3]

A manufacturing method of a semiconductor device which has the high dielectric
constant film according to claim 2 using a silicon nitride film pattern formed on the
above-mentioned high dielectric constant film as a selective oxidation film in the
above-mentioned oxidation process.

[Claim 4]

A manufacturing method of a semiconductor device which has the high dielectric
constant film according to claim 3 using phosphoric acid voile in a pattern process of
the above-mentioned silicon nitride film.

[Claim 5]

A manufacturing method of a semiconductor device which has a high dielectric constant
film of a description in any 1 item of Claims 2-4 performing the above-mentioned

oxidation process at temperature of 250-600 degrees C.
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[Claim 6]

A manufacturing method of a semiconductor device which has a high dielectric constant
film of a description in any 1 item of Claims 1-5 characterized by using an atomic
layer-chemical-vapor-deposition method as a method for film deposition of the
above-mentioned high dielectric constant film.

[Amendment 3]

[Document to be Amended]Description

[Ttem(s) to be Amended]0001

[Method of Amendment]Change

[The contents of correction]

[0001]

[Field of the Invention]

The present invention relates to the manufacturing method of the semiconductor device
which has a high dielectric constant film, and relates to the manufacturing method of the
semiconductor device which has a high dielectric constant film which has the
characteristics in the composition for forming in the same board the gate dielectric film
of thickness which plurality is thin and is different especially.

[Amendment 4]

[Document to be Amended]Description

[Ttem(s) to be Amended]0020

[Method of Amendment]Change

[The contents of correction]

[0020]

[Means for solving problem]

Fig.1 is an explanatory view of the theoretic composition of the present invention, and
describes The means for solving a technical problem in the present invention with
reference to this Fig.1.

Refer to Fig.1.
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In order to attain the above-mentioned purpose, while the dielectric constant of two or
more thickness forms the less than ten insulator layers 2-4 on the semiconductor
substrate 1, in the manufacturing method of the semiconductor device which has a high
dielectric constant film, the present invention, After exposing a part of semiconductor
substrate 1, a dielectric constant forms the high dielectric constant film 5 of 10-40 by
uniform thickness on the whole surface, and a dielectric constant provides the less than
ten insulator layers 2-4 and several insulator layers in which a dielectric constant
consists of a laminated structure with the high dielectric constant film 5 of 10-40 and in
which thickness differs mutually to each element part.

[Amendment 5]

[Document to be Amended]Description

[Item(s) to be Amended]0022

[Method of Amendment]Change

[The contents of correction]

[0022]

The dielectric constant used as the lower layer of the high dielectric constant film 5 the
thickness of the less than ten insulator layers 2-4, It is not necessary to be necessarily
different thickness, and the thickness of the insulator layer which consists of laminated
structures may be uniform, for example, after a dielectric constant forms the high
dielectric constant film 5 of 10-40 on the semiconductor substrate 1, it controls
thickness by oxidation partially to an interface with the semiconductor substrate 1, and
should just form an oxide film.

[Amendment 6]

[Document to be Amended]Description

[Ttem(s) to be Amended]0026

[Method of Amendment]Deletion

[The contents of correction]

[Amendment 7]
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[Document to be Amended]Description
[Ttem(s) to be Amended]0027
[Method of Amendment]Deletion

[The contents of correction]
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Machine Translation of

Japanese Patent Publication No. 08-306797

* NOTICES *

JPO and INPIT are not responsible for any

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.
2. ##%* shows the word which can not be translated.

3. In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]A process of being the method of manufacturing a semiconductor
device which has gate oxide of different thickness on the same semiconductor
substrate, and forming an insulating layer used as gate oxide all over a
semiconductor substrate, By process of forming a conductive layer used as a gate
electrode the whole surface on this insulating layer, a process of patterning this
conductive layer and forming a gate electrode in a first formation area and a
second formation area, respectively, and dry oxidation, A process of forming an
insulator layer so that a gate electrode and a semiconductor substrate of the 1st
and a second formation area may be covered, A process of forming an
oxidation-resistant film so that a semiconductor substrate and a gate electrode of
a first formation area may be covered, A wet oxidation treatment process for

forming an oxidation insulator layer in the whole surface and a process of
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removing an oxidation-resistant film of a first formation area are included, A
manufacturing method of a semiconductor device characterized by
thick-film-izing thickness of gate oxide of this second formation area by
generating a parsing beak between a gate electrode of a second formation area,
and a semiconductor substrate according to said wet oxidation treatment process.
[Claim 2]A manufacturing method of the semiconductor device according to

claim 1, wherein the aforementioned oxidation-resistant film is a nitride.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Industrial Application]The present invention relates to the manufacturing
method of the semiconductor device which has an element with the gate oxide of
thickness which starts the manufacturing method of the semiconductor device
containing the semiconductor device which has gate oxide, especially is different
on the same semiconductor substrate.

[0002]

[Description of the Prior Art]JConventionally, manufacturing methods of this kind
of semiconductor include some methods [ like ] currently disclosed, for example
in JP,H4-103162,A or JP,H3-55876,A.

[0003]A first method is described in JP,H4-103162,A as a prior art (Fig. 4), and
comprises a process as shown in Fig.2. First, as shown in Fig.2 (a), thermal
oxidation of the main surface of the semiconductor substrate 21 of N or P type is
carried out, and the insulator layer (silicon oxide) 22 of the thickness t1 is formed
in the whole surface (regions A and B). Next, as shown in Fig.2 (b), after forming
the resist 23 as a mask to the region A selectively on the insulator layer 22, wet
etching is performed and the insulator layer 22 of the region B which is not

covered with the resist 23 is removed. Next, after removing the resist 23 of the
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region A, as shown in Fig.2 (¢), the insulator layer 24 of the thickness t2 is again
formed in the whole surface by thermal oxidation. Thereby, the gate oxide of the
thickness t2 is formed in thickness (t1+t2) and the region B in the region A. It is
based on the usual MOS manufacturing process after this. Namely, as shown in
Fig.2 (d), after forming the polysilicon (polycrystalline silicon) film 25 on the
insulator layer 24, This polysilicon film 25 is patterned, it is considered as a gate
electrode, an impurity diffusion region is formed near the semiconductor
substrate 21 surface self-consistently with this gate electrode, and it is considered
as a source/drain area.

[0004]A second method is a method shown in Fig. 1 of above-mentioned
JP,H4-103162,A. That is, the polysilicon film used as a gate electrode is formed
on the gate oxide of the thickness tl1, and the polysilicon film and gate oxide
which are not covered with a resist are removed after forming the resist as a mask.
Next, the gate oxide of the thickness t2 is formed by thermal oxidation, and
polysilicon is formed on it. Upper polysilicon and oxide film of a gate oxide
region of the thickness t1 are removed. Thereby, a MOS transistor with the gate
oxide of the thickness t1 and t2 can be formed.

[0005]The 3rd method is a method shown in JP,H3-55876,A. That is, the nitride
is formed in a part of transistor formation region before performing gate
oxidation. The bird's beak of an oxide film enters between a nitride and a
semiconductor substrate by oxidation. After removal of a nitride, if a gate oxide
electrode is formed on the oxide film of the shape of the bird's beak, a MOS
transistor with thin gate oxide will be formed. If a gate oxide electrode is formed
in the region which did not form a nitride, a MOS transistor with thick gate oxide
will be formed.

[0006]

[Problem to be solved by the invention]In the 1st method of the above, when
removing an insulator layer selectively, the resist as a mask is directly formed on

this insulator layer. However, since the resist generally contains many alkaline
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metals, heavy metals, etc., the insulator layer in which a resist touches directly
has influence called degradation of initial pressure-proofing. the incineration for
which removal of the resist used oxygen (O,) plasma -- since it is performed by
processing and an insulator layer is directly exposed to plasma, it is affected also
in this case by influence called degradation of initial pressure-proofing.
Therefore, when it saw in the long run, there was a problem that the reliability as
a device deteriorated.

[0007]The present invention was made in view of this problem, and the purpose
is to provide the manufacturing method of the semiconductor device which can
manufacture the semiconductor device which has gate oxide of two kinds of
thickness without being accompanied by faults, such as initial resisting pressure
degradation of gate oxide, and degradation of long-term reliability.

[0008]

[Means for solving problem]In the method of manufacturing the semiconductor
device which has gate oxide of thickness which is different on the same
semiconductor substrate in the manufacturing method of the semiconductor
device according to claim 1, The process of forming the insulating layer used as
gate oxide all over a semiconductor substrate, By the process of forming the
conductive layer used as a gate electrode the whole surface on this insulating
layer, the process of patterning this conductive layer and forming a gate electrode
in a first formation area and second formation area, respectively, and dry
oxidation, The process of forming an insulator layer so that the gate electrode and
semiconductor substrate of the 1st and a second formation area may be covered,
The process of forming an oxidation-resistant film so that the semiconductor
substrate and gate electrode of a first formation area may be covered, The wet
oxidation treatment process for forming an oxidation insulator layer in the whole
surface and the process of removing the oxidation-resistant film of a first
formation area are included, The aforementioned purpose is attained by

generating a parsing beak between the gate electrode of a second formation area,
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and a semiconductor substrate, and making the thickness of the gate oxide of this
second formation area thick-film-ize according to the above-mentioned wet
oxidation treatment process.

[0009]In the manufacturing method of the semiconductor device according to
claim 2, constituting the aforementioned oxidation-resistant film from a nitride
attains the aforementioned purpose.

[0010]

[Function]In the manufacturing method of the semiconductor device concerning
the present invention, form a gate electrode in the 1st and the second formation
area on the insulator layer formed on the semiconductor substrate, respectively,
form an insulator layer so that these may all be covered, and. By forming an
oxidation-resistant film (nitride) so that only the semiconductor substrate and
gate electrode of a first formation area may be covered, performing wet oxidation
treatment further, and producing a parsing beak between the gate electrode of a
second formation area, and a semiconductor substrate, The thickness of the gate
oxide of a second formation area can be made to thick-film-ize. On the other
hand, as for the gate oxide of a first formation area, the original thickness is
maintained by existence of a nitride.

[0011]

[Working example]Hereafter, the preferable working example of the present
invention is described in detail with reference to Fig.l. Fig.l expresses the
manufacturing method of the semiconductor device concerning one working
example of the present invention. First, as shown in Fig.l (a), by thermal
oxidation processing the whole surface (regions A and B) on N or the
semiconductor substrate (silicon substrate) 11 of P type, After thickness forms the
silicon oxide which is 11 nm, about 350 nm of thickness forms the polysilicon
film used as a gate electrode by CVD etc. on it, and impurities, such as a
phosphorus, are doped to this polysilicon film.

[0012]And a polysilicon film is patterned by phototype process and the gate
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electrode 12 and 12' are formed in the region A and the region B, respectively.
Then, dry oxidation processing is performed and the same silicon oxide 13 of 11
nm of thickness as gate oxide thickness and 13' (insulating oxide film) are
formed on the semiconductor substrate 11. At this time, the insulating oxide films
14 and 14 are formed also in the surroundings (the upper surface and side
surface) of the gate electrode 12 and 12', respectively.

example, Si;Ny) 15 as an oxidation-resistant film on the whole surface, only the
nitride of the region B is removed selectively.

[0014]Next, 30 more-nm silicon oxide is formed on the semiconductor substrate
11 of the region B by wet oxidation treatment. At this time, in the region B, as
shown in Fig.1 (c), insulating oxide film 14' of a gate electrode 12' top and a side
surface thick-film-izes by wet oxidation treatment, but. Since a bird's beak arises
between gate electrode 12' and the semiconductor substrate 11, the thickness of
gate oxide 16' put between the semiconductor substrate 11 and gate electrode 12
is set to about 12-16 nm after all. On the other hand, since the insulating oxide
film 13 and the gate electrode 12 of the region A are covered with the nitride 15
which is an oxidation-resistant film, the semiconductor substrate 11 and the gate
electrode 12 of the region A do not oxidize, and an oxide film is not formed on
the nitride 15. Of course, the thickness of the gate oxide 16 is still 11 nm formed
at the first process.

[0015]Next, it will be in the state which shows in Fig.1 (c¢) by removing the
nitride 15 in the region A. The formation process of the usual MOS transistor is
performed after it. To namely, the prescribed range the gate electrode 12 and near
the surface of the semiconductor substrate 11 which touches 12, An impurity
diffusion region is doped self-consistently with these gate electrodes, a
source/drain area is formed, and a MOS transistor is further completed after
forming an interlayer insulation film through processes, such as contact

formation, formation of a metallic wiring layer, and its patterning. It is preferable
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that the gate length (namely, distance between a source/drain) of a MOS
transistor with thick gate oxide of the region B is 0.8 micrometer or less.
[0016]Thus, since a resist is not directly applied to the silicon oxide used as gate
oxide in the manufacturing method of this example, It becomes possible to form
a MOS transistor with different gate oxide on the same semiconductor substrate,
without being affected by the influence of an alkaline metal, a heavy metal, etc.
which are contained in a resist.

[0017]

[Effect of the Invention]Form a gate electrode in the 1st and the second
formation area on the insulator layer formed on the semiconductor substrate,
respectively, according to the manufacturing method of the semiconductor device
concerning the present invention, as described above, form an insulator layer so
that these may all be covered, and. An oxidation-resistant film (nitride) is formed
so that only the semiconductor substrate and gate electrode of a first formation
area may be covered, Since wet oxidation treatment is furthermore performed
and it was made to produce a parsing beak between the gate electrode of a second
formation area, and a semiconductor substrate, only the thickness of the gate
oxide of a second formation area can be made to thick-film-ize. In these
processes, since a resist does not carry out direct contact to gate oxide, it is not
affected by the influence of the alkaline metal in a resist, a heavy metal, etc., and
gate oxide is not directly exposed to plasma. Therefore, it becomes possible to
form a semiconductor device with the gate oxide of different thickness on the
same semiconductor substrate, eliminating the problem of degradation of initial
pressure-proofing, and degradation of the reliability of the device seen in the long

run.
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(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of: Customer Number: 53080
Satoru ITO et al.
Application No.: 13/665,305 Confirmation No.: 6981
Filed: October 31, 2012 Art Unit: 2897
For: SEMICONDUCTOR DEVICE Examiner: Lawrence-Lin NGUYEN

AMENDMENT UNDER 37 C.F.R. § 1.111

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

Alexandria, VA 22313-1450

Madam:
In response to the Office Action dated August 29, 2013, having a three-month shortened
statutory period for response set to expire on November 29, 2013, please amend the above-

identified application as follows:
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IN THE CLAIMS:

Please amend the claims as follows:

1. (Currently amended) A semiconductor device comprising:

a first MIS transistor and a second MIS transistor of an identical conductivity type provided
on an identical semiconductor substrate,

wherein the first MIS transistor includes a first gate insulating film formed on a first active
region in the semiconductor substrate and a first gate electrode formed on the first gate insulating
film,

the second MIS transistor includes a second gate insulating film formed on a second active
region in the semiconductor substrate and a second gate electrode formed on the second gate
insulating film,

the first gate insulating film includes a first interface layer being in contact with the
semiconductor substrate and a first high dielectric constant insulating film formed on the first
interface layer,

the second gate insulating film includes a second interface layer being in contact with the
semiconductor substrate and a second high dielectric constant insulating film formed on the second
interface layer, [[and]]

the first interface layer has a thickness larger than that of the second interface layer, and

each of the first interface layer and the second interface layer is made of a silicon dioxide

film or a silicon oxvnitride film.

2. (Original) The semiconductor device of claim 1, wherein

the first gate electrode includes first sidewall spacers formed on side surfaces

Page 294 of 339



Application No.: 13/665,305 Atty. Docket No. 085393-0941

thereof and first insulating spacers interposed between the first gate electrode and the first
sidewall spacers,

the second gate electrode includes second sidewall spacers formed on side surfaces
thereof and second insulating spacers interposed between the second gate electrode and the
second sidewall spacers, and

the first insulating spacers are thinner than the second insulating spacers.

3. (Original) The semiconductor device of claim 2,

the first insulting spacers are offset spacers each having an I-shaped cross section,

and

the second insulating spacers are underlying spacers each having an L-shaped cross
section.

4. (Original) The semiconductor device of claim 2, wherein

the first gate electrode includes a first metal-containing film formed on the first
high dielectric constant insulating film and a first silicon film formed on the first metal-
containing film,

the second gate electrode includes a second metal-containing film formed on the
second high dielectric constant insulating film and a second silicon film formed on the
second metal-containing film,

a silicon dioxide film is interposed between the first silicon film and the first
insulating spacers, and

the second silicon film is in contact with the second insulating spacers.

5. (Original) The semiconductor device of claim 4, wherein

(US]
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a first metal silicide layer is formed on the first silicon film, and

a second metal silicide layer is formed on the second silicon film.

6. (Original) The semiconductor device of claim 4, wherein a silicon dioxide film
is also interposed between the first active region and the first sidewall spacers.

7. (Original) The semiconductor device of claim 2, wherein each of the first
insulating spacers and the second insulating spacers is made of a silicon nitride film.

8. (Original) The semiconductor device of claim 1, wherein

the first and second MIS transistors are pMIS transistors, and

the first and second high dielectric constant insulating films contain aluminum.

9. (Original) The semiconductor device of claim 8, wherein

the first gate insulating film further includes a first cap film formed on the first high
dielectric constant insulating film and containing aluminum, and

the second gate insulating film further includes a second cap film formed on the second high
dielectric constant insulating film and containing aluminum.

10. (Original) The semiconductor device of claim 1, wherein

the first and second MIS transistors are nMIS transistors, and

the first and second high dielectric constant insulating films contain lanthanum.

11. (Original) The semiconductor device of claim 10, wherein

the first gate insulating film further includes a first cap film formed on the first high
dielectric constant insulating film and containing lanthanum, and

the second gate insulating film further includes a second cap film formed on the second high

dielectric constant insulating film and containing lanthanum.
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12. (Original) The semiconductor device of claim 1, wherein each of the first and
second high dielectric constant insulating films contains hafnium or zirconium.

13. (Cancelled)

14. (Currently amended) The semiconductor device of claim 1, wherein the first
and second high dielectric constant insulating films are substantially equal in thickness.

15. (Currently amended) The semiconductor device of claim 1, wherein the first
and second gate electrodes are made of asubstantially an identical material.

16. (Original) The semiconductor device of claim 1, wherein an effective work function of

the first MIS transistor is higher than an effective work function of the second MIS transistor.
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REMARKS

I. Introduction

In response to the pending Office Action, Applicants have amended claim 1 to further clarify
the intended subject matter of the present disclosure. Support for the amendment to claim 1 can be
found, for example, in paragraph [0082] of the published application (see, USP Pub. No.
2013/0056831). In addition, claim 13 has been cancelled, and claims 14 and 15 have been amended
to address the rejection thereof under 35 U.S.C. § 112. No new matter has been added.

For at least the reasons set forth below, it is respectfully submitted that the pending claims

are patentable over the cited prior art references.

II. The Rejection Of The Claims Under 35 U.S.C. § 112, Second Paragraph

Claims 14 and 15 were rejected under 35 U.S.C. § 112, second paragraph, as being
indefinite on the basis of the use of the term “substantially” in the claims. In response, the term
“substantially” has been deleted from both claims 14 and 15. As such, it is respectfully submitted

that the pending rejection under 35 U.S.C. § 112, second paragraph, has been overcome.

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

Claims 1-12 and 14-16 were rejected under 35 U.S.C. § 102 as being anticipated by USP
No. 8,492,230 to Ishikawa. For at least the following reasons it is respectfully submitted that claim
1 is not anticipated by Ishikawa.

Claim 1 relates to a semiconductor device, and recites that the device includes a first MIS

transistor and a second MIS transistor of an identical conductivity type provided on an identical
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semiconductor substrate, where the first MIS transistor includes a first gate insulating film formed
on a first active region in the semiconductor substrate and a first gate electrode formed on the first
gate insulating film, and the second MIS transistor includes a second gate insulating film formed on
a second active region in the semiconductor substrate and a second gate electrode formed on the
second gate insulating film.

Claim 1 further recites in-part that the first gate insulating film includes a first interface
layer being in contact with the semiconductor substrate and a first high dielectric constant
insulating film formed on the first interface layer; that the second gate insulating film includes a
second interface layer being in contact with the semiconductor substrate and a second high
dielectric constant insulating film formed on the second interface layer, and that the first interface
layer has a thickness larger than that of the second interface layer.

For example, referring to the exemplary embodiment shown in Fig. 7 of the Applicants’
specification, it is shown that a first pMIS transistor and a second pMIS transistor are provided on
the same substrate 50. The first pMIS transistor includes a first gate insulating film 52a having a
first interface layer 2A in contact with the substrate 50a and a first high dielectric constant
insulating film 3a formed on the first interface layer 2a. The second pMIS transistor includes a
second gate insulating film 52b having a second interface layer 2b in contact with the substrate 50b
and a second high dielectric constant insulating film 3b formed on the second interface layer 2b.

Further, as shown for example in Fig. 7 and described in the specification, the first interface
layer 2A has a thickness larger than that of the second interface layer 2b.

Turning to the pending rejection and the cited prior art reference, it is asserted in the pending

rejection that the Bulk Type MISFET and the Partial-Depletion MISFET of Ishikawa correspond to
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the first MIS transistor and the second MIS transistor, respectively, of claim 1. Further, it is
asserted that the buried insulating layer BOX and the gate insulating film GOX3 correspond to the
recited first gate insulating film having the first interface layer and the first high dielectric constant
insulating film, and that the buried insulating layer BOX and the gate insulating film GOX2
correspond to the recited second gate insulating film having the second interface layer and the
second high dielectric constant insulating film. However, for the following reasons, it is clear that,
at a minimum, the buried insulating layer BOX of Ishikawa does not correspond to the recited first
or second insulating layer.

Referring to Fig. 3 of Ishikawa, the buried insulating layer BOX is an insulating layer which
is formed between the semiconductor substrate 1S and the semiconductor layer (i.e., the body region
(BD)) to form the SOI substrate. See, e.g., col. 6, lines 51-57 of Ishikawa.

More specifically, the Partial-Depletion MISFET, which is asserted as corresponding to the
second MIS ftransistor, includes the semiconductor layer (the body region (BD)) between the GOX2
and BOX. Importantly, however, as shown in Fig. 3, the Bulk Type MISFET, which is asserted as
corresponding to the first MIS transistor, DOES NOT include the BOX layer in the completed
transistor. See, e.g., col. 12, line 66 — col. 13, line 10 of Ishikawa.

Thus, as the BOX layer is not even present in the Bulk Type MISFET, it is clear that the
GOX3 and the BOX of Ishikawa CANNOT be equivalent to the first gate insulating film or the first
interface layer of the first MIS transistor, as recited by claim 1.

A further distinction between claim 1 and Ishikawa is that the first and second gate
insulating films of claim 1 are formed on the active regions in the identical semiconductor substrate

whereas the gate insulating films, GOX3 and GOX2, of Ishikawa are formed above different base
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substrates. Specifically, the gate insulating film GOX3 is formed on the active region in the

semiconductor substrate 1S whereas the gate insulating film GOX2 is formed on the body region

BD that is another semiconductor layer, which is different from the semiconductor substrate 1S.
Accordingly, as it is well known that the factual determination of lack of novelty under 35

U.S.C. § 102 requires the identical disclosure in a single reference of each element of a claimed

invention, such that the identically claimed invention is placed into the possession of one having
ordinary skill in the art, Halifax Ltd. v. Blok-Look, Ltd., 208 F.3d 1339, 54 USPQ2d 1299 (Fed. Cir.
2000),; Electro Medical Systems S.A. v. Cooper Life Sciences, Inc., 34 F.3d 1048, 32 USPQ2d 1017
(Fed. Cir. 1994), and Ishikawa fails to do so for at least the foregoing reasons, it is clear that

Ishikawa does not anticipate claim 1.

IV. The Rejection Of Claim 13 Under 35 U.S.C. § 103

Claim 13 was rejected under 35 U.S.C. § 103 as being obvious over USP No. 8,492,230 to
Ishikawa in view of USP Pub. No. 2009/0294924 to Forbes. For at least the following reasons it is
respectfully submitted that claim 1 is NOT obvious in view of Ishikawa and Forbes, taken alone or
in combination with one another.

It is noted that the rejection of claim 13 is being addressed herein so as to fully respond to all
pending rejections, as claim 1 has been amended to include the subject matter of claim 13, which
has been cancelled.

First, it is noted that Forbes does not cure the deficiencies of Ishikawa noted above, nor is it
relied upon as doing so. As such, for this reason alone, it is clear that the combination of Ishikawa

and Forbes does not render claim 1 unpatentable.
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However, in addition to the foregoing, it is also noted that claim 1 also recites that “the first
interface layer has a thickness larger than that of the second interface layer.” In addition to the
elements of claim 1 noted above, which are not disclosed by the cited prior art, the combination of
Ishikawa and Forbes also fails to disclose or suggest this element of claim 1.

More specifically, Forbes fails to disclose or suggest a device in which the first interface
layer has a thickness larger than that of the second interface layer. Ishikawa also fails to do so.
Specifically, Ishikawa describes, in connection with the gate insulating films GOX2 and GOX3
made of high dielectric constant films, that the gate insulating film GOX2 is thinner than the gate
insulating film GOX3. However, Ishikawa fails to disclose or suggest a device in which the first
interface layer has a thickness larger than that of the second interface layer, as recited by claim 1.
Thus, this element of claim 1 is also NOT disclosed or suggested by the combination of Ishikawa
and Forbes.

Accordingly, as each and every element of the claim must be disclosed or suggested by the
cited prior art references in order to establish a prima facie case of obviousness (see, M.P.E.P. §
2143.03), and the combination of Ishikawa and Forbes fails to do so for at least the foregoing

reasons, it is clear that claim 1 is patentable over Ishikawa and Forbes.

V. 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

10
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for at least the reasons set forth above, it is respectfully submitted that all claims dependent thereon

are also patentable.

VI. Summary

Applicants submit that all of the claims are now in condition for allowance, an indication of
which is respectfully solicited.
Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.
Respectfully submitted,
McDERMOTT WILL & EMERY LLP

/Michael E. Fogarty/

Michael E. Fogarty
Registration No. 36,139

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

Phone: 202.756.8000 MEF

Facsimile: 202.756.8087

Date: November 13,2013

DM_US 46634678-1.085393.0941
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The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

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

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
53080 7590 052012014
McDermott Will and Emery LLP NGUYEN, LAWRENCE-LIN T
The McDermott Building
500 North Capitol Street, N.W. | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2897
DATE MAILED: 05/20/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/665,305 10/31/2012 Satoru ITO 085393-0941 6981

TITLE OF INVENTION: SEMICONDUCTOR DEVICE

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

nonprovisional UNDISCOUNTED $960 30 $0 $960 08/20/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

aj
in
maintenance fee notifications.

pégropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

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

Certificate of Mailing or Transmission

53080 R 7590 05/20/2014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
McDermott Will and Emery LLP States Postal Service with sufficient postage for first class mail in an envelope
-1 1: addressed to the Mail Stop ISSUE FEE address above, or being facsimile
The MCDermOt.t Blnldlng transmitted to the USPTO (571) 273-2885, on the date indicated below.
500 North Capitol Street, N.-W. -
WASHINGTON, DC 20001 Depostors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/665,305 10/31/2012 Satoru ITO 085393-0941 6981
TITLE OF INVENTION: SEMICONDUCTOR DEVICE
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/20/2014
| EXAMINER | ART UNIT CLASS-SUBCLASS |
NGUYEN, LAWRENCE-LIN T 2897 257-368000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

[ Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

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

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

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

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

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

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
(| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

(| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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ﬁ§§*“ 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. |
13/665,305 10/31/2012 Satoru ITO 085393-0941 6981
53080 7590 052012014 | EXAMINER |
McDermott Will and Emery LLP NGUYEN, LAWRENCE-LIN T
The McDermott Building
500 North Capitol Street, N.W. | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20001 2897

DATE MAILED: 05/20/2014

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

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.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B 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 to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

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 (5 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.

2. Arecord 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.

3. 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.

4. 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).

5. 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.

6. 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)).

7. 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 US.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.

8. 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.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/665,305 ITO ET AL.

. T i i AlA (First Inventor to
Notice of Allowability EX\EIIVNSEEEE-LINH T. NGUYEN ggg " File) Status
No

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

1. X This communication is responsive to 11/13/2013.

] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. [ The allowed claim(s) is/are . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
nitpfwww usplo.gov/patents/init_events/pph/index.isp or send an inquiry to PPHicedback@uspio.gov .

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

a)XJ Al b)[J Some *c)[] None of the:
1. X Certified copies of the priority documents have been received.
2. [ Cetrtified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [[] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 10/31/2012 & 09/24/2013.

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

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

/LAWRENCE-LINH T NGUYEN/
Examiner, Art Unit 2897

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140307
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Application/Control Number: 13/665,305 Page 2
Art Unit: 2897

REASONS FOR ALLOWANCE

Allowable Subject Matter

1. The present application is being examined under the pre-AlA first to invent
provisions.
2. This Office action is responsive to Applicants’ application filed 11/13/2013.
Independent claim 1 is allowed.
3. The 35 USC § 112 rejection of claims 14-15 is withdrawn.
4. The following is an examiner’s statement of reasons for allowance:
a. With respect to independent claim 1, the prior arts of record do not teach
or fairly suggest a limitation of “ a semiconductor device comprising:
i. a first MIS transistor and a second MIS transistor of an identical
conductivity type provided on an identical semiconductor substrate,
ii. the first gate insulating film includes a first interface layer being in
contact with the semiconductor substrate and a first high dielectric
constant insulating film formed on the first interface layer,
iii. the second gate insulating film includes a second interface layer
being in contact with the semiconductor substrate and a second high
dielectric constant insulating film formed on the second interface layer,

and
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Application/Control Number: 13/665,305 Page 3
Art Unit: 2897

iv. the first interface layer has a thickness larger than that of the
second interface layer.
V. Each of the first interface layer and the second interface layer
is made of a silicon dioxide film or a silicon oxynitride film. This
feature allows the gate structures to have different work functions by
increasing the thickness of an interface layer constituting the lowest layer
of a gate insulating film by means of selective oxidation which is
performed after formation of the gate structures.
b. Also claims 2-12 & 14-16 are depended on claim 1.
5. 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: 13/665,305 Page 4
Art Unit: 2897

Conclusion

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAWRENCE-LINH T. NGUYEN whose telephone
number is (571)272-6267. The examiner can normally be reached on M-F (Flex hours).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Fernando Toledo can be reached on 571-272-1867. 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.

/Fernando L. Toledo/
Supervisory Patent Examiner, Art Unit
2897

/LAWRENCE-LINH T NGUYEN/
Examiner, Art Unit 2897
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Application/Control No.

Applicant(s)/Patent Under
Reexamination

13/665,305 ITO ET AL,
Notice of References Cited . .
Examiner Art Unit
LAWRENGE-LINH T. NGUYEN | 2897 Page 1 of 1
U.S. PATENT DOCUMENTS

* COUmB%Zlg:-?\le’\tizrzﬁc: Code MME?KT\?YY Name Classification
* A | US-8,492,230 07-2013 Ishikawa et al. 438/283
* B | US-2009/0294924 12-2009 Forbes et al. 257/635

c | US-

D | US-

E | US-

F | US-

G | USs-

H | US-

I Us-

J | US-

K | US-

L | US-

M | US-

FOREIGN PATENT DOCUMENTS

* cOunthL:er(?\le’\tiZTg:; Code MM[f(t\?YY Country Name Classification

N | JP2003100896 09-2001 Japan Fujiwara Ikuo

O

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
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref iHits Search Query DBs Default i{Plurals {{Time
# Operator Stamp
1.6 {6 ((first second third multipl$3) adj transistor USPAT OR ON 2014/03/ 10§
near (high adj (k -k dielectric))).clm. 14:23
1.7 6 ( (first second third multipl$3) adj transistor USPAT OR ON 2014/03/ 10§
near (high adj (k -k dielectric))).clm. 14:24
1.9 16862 {j((silicon adjl (oxynitride $2o0xide)) same US-PGPUB; HOR ON 2014/03/10}
(thick$3 thin$3 (more less$2 larg$3 small$3 USPAT; 14:24 !
great$3) near5 (thickness height dimension USOCR;
width))).clm. FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
1.13 #4419 "12" and (MIS near transistor ) US-PGPUB; {{OR ON 2014/03/10§
USPAT; 1426 i
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
S1 1 "13665305" US-PGPUB; {{OR ON 2013/08/13§
USPAT; 09:07 {
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
S2 155 ((SATORU) near2 (ITO)).INV. US-PGPUB; {OR ON 2013/08/ 13
USPAT; 09:08 ‘
USOCR i
S3 i1l ((YOSHIYA) near2 (MORIYAMA)).INV. US-PGPUB; {OR ON 2013/08/13;
USPAT; 09:08 :
USOCR i
S4 23 ((HIROSHI) near2 (OHKAWA)).INV. US-PGPUB; {OR ON 2013/08/1 3
USPAT; 09:09 ’
USOCR i
S5 32 ((SUSUMU) near2 (AKAMATSU)).INV. US-PGPUB; {OR ON 2013/08/13}
USPAT; 09:09 :
USOCR |
S6 12 ("20030045058" | "20040032001" | US-PGPUB; {{OR ON 2013/08/13}
"20040082130" 1"20100164007" | USPAT,; 09:09 ;
"20100176456" 1 "5595922").PN. USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
S7 1 S2 and S3 and S4 and S5 US-PGPUB; {OR ON 2013/08/13}
USPAT; 09:25
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| JUSOCR | : 3
S8 216 S2 8354 85 US-PGPUB; {{OR ON 2013/08/13§
USPAT; 09:26
USOCR i
S9 43 ("2010/0176456").URPN. USPAT OR ON 2013/08/13§
11:07
S10 #5 ("20100120227" 1 20100321544 " | USPAT OR ON 2013/08/13;
"20120153476" 1 "6028348" | "7138295" | 11:08
"7518240" 1"7674689" 1 "8039314").PN.
S11 §5 "2009123944" US-PGPUB; {OR ON 2013/08/13§
USPAT; 16:28
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S13 1 ("2010/0164007").URPN. USPAT OR ON 2013/08/13
17:01
S14 4§24 (first second third multipl$3) adj3 NMIS adj USPAT OR ON 2013/08/13}
transistor 17:22 ‘
S15 {18452 iipanasonic USPAT OR ON 2013/08/13}
17:25 i
S16 {12 (first second third multipl$3) adj transistor near §USPAT OR ON 2013/08/13
(high adj (k -k dielectric)) 17:27
S17 §0 S15 and ( (first second third multipl$3) adj USPAT OR ON 2013/08/13
transistor near (high adj (k -k dielectric))) 17:27
S18 0 S15 and ( (first second third multipl$3) adj USPAT OR ON 2013/08/ 13
NMIS adj transistor same (high adj (k -k 17:29
dielectric))) i
S19 #H0 S15 and ((first second third multipl$3) adj USPAT OR ON 2013/08/13}
NMIS adj transistor with (high adj (k -k 17:29
dielectric)))
S20 4 S15 and ((first second third multipl$3) adj USPAT OR ON 2013/08/13
NMIS ) 17:30
S23 {6663  IMIS near transistor US-PGPUB; {iOR ON 2013/08/13§
USPAT; 17:31 i
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB ;
S24 H0 S15 and ( (first second third multipl$3) adj US-PGPUB; {OR ON 2013/08/ 13
transistor near (high adj (k -k dielectric))) USPAT; 17:31 i
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB
S25 111810 ¥panasonic US-PGPUB; {{OR ON 2013/08/13
USPAT; 17:32
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

file:///Cl/Users/Inguyen16/Documents/e-Red%20Folder/13665305/EASTSearchHistory.13665305_AccessibleVersion.htm[3/10/2014 2:28:22 PM]

Page 317 of 339




EAST Search History

S27 96 S23 and ((high near k) or "high k") near (gate {US-PGPUB; {OR ON 2013/08/13§
near (dielectric or insulat$4)) USPAT; 17:33 ;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
S28 {6667 MIS near transistor US-PGPUB; #0OR ON 2013/08/22§
USPAT; 11:23 ;
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB :
S29 {44 S28 and ((high near k) or "high k") near (gate {USPAT OR ON 2013/08/22}
near (dielectric or insulat$4)) 11:23
S30 il "20110049629" USPAT OR ON 2013/08/22
11:28
S31 {10 (US-20120146154-$ or US-20120056271-$ or §US-PGPUB; {{OR ON 2013/08/22§
US-20110073954-$ or US-20100248438-$ or {USPAT 13:11 i
US-20080258229-$ or US-20080036014-$ or
US-20130056831-$ or US-20100176456-$ or
US-20100164007-8).did. or (US-8492230-
$).did. |
S32 i1 "13665170" US-PGPUB; {OR ON 2013/08/22}
USPAT; 14:53 :
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB :
S33 10 "13655545" US-PGPUB; #OR ON 2013/08/22§
USPAT; 14:58
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB i
S34 10 (US-20120146154-$ or US-20120056271-$ or §US-PGPUB; {{OR ON 2013/08/23§
US-20110073954-8 or US-20100248438-$ or {USPAT 18:28 )
US-20080258229-$ or US-20080036014-$ or
US-20130056831-$ or US-20100176456-$ or
US-20100164007-$).did. or (US-8492230-
$).did. i
S35 {10 (US-20120146154-$ or US-20120056271-$ or §US-PGPUB; {{OR ON 2013/08/26'
US-20110073954-8 or US-20100248438-$ or {USPAT 08:15 :
US-20080258229-$ or US-20080036014-$ or
US-20130056831-$ or US-20100176456-$ or
US-20100164007-$).did. or (US-8492230-
$).did.
S36 {1 S35 and dioxide US-PGPUB; {§OR ON 2013/08/26
USPAT 08:15
S37 {6667 MIS near transistor US-PGPUB; #OR ON 2013/08/26§
USPAT; 08:15 :
USOCR;
FPRS; EPO;
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JPO;
DERWENT:
IBM_TDB

S38 196

S37 and ((high near k) or "high k") near (gate
near (dielectric or insulat$4))

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

OR

ON

2013/08/26}
08:15

S39 19

S38 and dioxide

US-PGPUB;
USPAT

OR

ON

2013/08/26%
08:15 :

S40 #7558

257/632,635,621.409,E21.645,E29.001.ccls.

US-PGPUB;
USPAT

OR

ON

2013/08/26;
08:35

541 15

("20030045058" 1 20040032001 |
"20040082130" | "20100164007" |
"20100176456" 1 "5595922").PN.

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

OR

ON

2014/03/08;
09:12

S42 41

S41 and ((single monolithic uniform$3) adj
(substrate submount))

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

OR

ON

2014/03/08;
09:12

S43 5

"20110049629"

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

OR

ON

2014/03/08;
09:18 i

S44 §7330

MIS near transistor

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

OR

ON

2014/03/08;
10:58 i

S45 {101

S44 and ((high near k) or "high k") near (gate
near (dielectric or insulat$4))

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

OR

ON

2014/03/08
10:58

S46 143

S45 and (dioxide lanthanum oxynitrid$3)

US-PGPUB;
USPAT

OR

ON

2014/03/08
10:58

S47 {10

("20090026557" 1 "20090179281" |
"20090212371" | "20090242970" |
"20100044804" 120110193180 |
"20120049297" | "7781848" | "7791149" |
"7952118").PN.

US-PGPUB;
USPAT

OR

ON

2014/03/08%
11:02 {

3
N
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548

"13665305"

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

OR

ON

2014/03/08;
1:11

549

34212

257/18-20,55,63-70,178,192,213,272-274,368-

369,E21.43-
E21.434,E21.619,E21.634,E27.059-
£27.067,E29.193,E31.049.ccls.

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

OR

ON

2014/03/08;
11:16 ‘

S50

2608

438/153-154,203,938,933.ccls.

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

OR

ON

2014/03/08;
11:17 !

S52

65385

(high adj3 (k -k dielectric constant))

USPAT

OR

ON

2014/03/08;
11:18 ;

S55

1860

(first second third plurality array multipl$3)
near2 (NMIS PMIS MIS) near2 (transistor
gate))

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

OR

ON

2014/03/08;
11:20 ‘

S56

2878

(gate) with ((first second third multiple
plurality) near3 (insulat$3 dielectric oxide
oxynitride)) with (silicon adjl $2oxide) same
(thick$3 thin$3 (more less$2 larg$3 small$3
great$3) near5 (thickness height dimension
width))

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

OR

ON

2014/03/08;
13:01 :

S57

S49 and S50 and S51 and S52 and S55 and
S56

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

OR

ON

2014/03/08}
13:03 i

S58

S49 and S50 and S52 and S55 and S56

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

OR

ON

2014/03/08%
13:03 ;

S59

560

549 and S50

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

OR

ON

2014/03/08
13:03
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| {IBM_TDB

S60 67 $49 and S50 and S52 US-PGPUB; {{OR ON 2014/03/08;
USPAT; 13:03 :
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S61 {21 $55 and S56 US-PGPUB:; {{OR ON 2014/03/08;
USPAT; 13:03 :
USOCR;:
FPRS: EPO;
JPO;
DERWENT;
IBM_TDB

S64 12956  y(gate) with ((first second third multiple US-PGPUB; {OR ON 2014/03/08}
plurality) near3 (insulat$3 dielectric oxide)) USPAT; 13:18 !
with (silicon adjl (oxynitride $20xide)) same HUSOCR;
(thick$3 thin$3 (more less$2 larg$3 small$3 FPRS; EPO;
great$3) near5 (thickness height dimension JPO;

width)) DERWENT;
IBM_TDB

S65 1 $52 and $55 and S64 US-PGPUB; {{OR ON 2014/03/08;
USPAT: 13:19 :
USOCR;
FPRS; EPO:
JPO;
DERWENT:
IBM_TDB

S66 4344 552 and S56 US-PGPUB; {OR ON 2014/03/08:
USPAT; 13:20 :
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S67 344 S66 and (silicon adjl (oxynitride $2oxide)) US-PGPUB; {OR ON 2014/03/08§
same (thick$3 thin$3 (more less$2 larg$3 USPAT; 13:23 !
small$3 great$3) near5 (thickness height USOCR;
dimension width)) FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S68 {344 S66 and (silicon adjl (oxynitride $2o0xide)) US-PGPUB; $OR ON 2014/03/08§
USPAT; 13:23 i
USOCR;
FPRS; EPO;
JPO;
DERWENT;
IBM_TDB

S69 1209 S66 and (oxynitride) US-PGPUB; {OR ON 2014/03/08;
USPAT; 13:23 i
USOCR;
FPRS; EPO;
JPO;
DERWENT:
IBM_TDB
i H i i i i i
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S70

1738

((first second third multiple plurality) adj3
gate) with ((insulat$3 dielectric oxide) with
(silicon adj1 (oxynitride $20xide))) same
(thick$3 thin$3 (more less$2 larg$3 small$3
great$3) near5 (thickness height dimension
width))

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

OR

ON

2014/03/08;
13:40

S71

45

S55 and S70

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

OR

ON

2014/03/08;
13:41 {

S72

46742

Renesas.as.

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

OR

ON

2014/03/08;
14:37 i

S73

82

S72 and (((first second third multiple plurality)
adj3 gate) with ((insulat$3 dielectric oxide)
with (silicon adjl (oxynitride $20xide))) same
(thick$3 thin$3 (more less$2 larg$3 small$3
great$3) near5 (thickness height dimension
width)))

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

OR

ON

2014/03/08%
14:38 ;

S74

Renesas adj electron.as.

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

OR

ON

2014/03/08:
14:38

S75

21242

Renesas adj electronics.as.

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

OR

ON

2014/03/08;
14:38 )

S76

7330

MIS near transistor

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

OR

ON

2014/03/08§
15:06

S77

101

S76 and ((high near k) or "high k") near (gate
near (dielectric or insulat$4))

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

OR

ON

2014/03/08
15:06

S78

14851

panasonic.as.

USPAT

OR

ON

2014/03/08;
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N s N s \
3 H N H N
i H i H \0'0
3 H N H \22
3 H N H N .
3 : y H 3

S102 {7 "11806882" US-PGPUB; {{OR ON 2014/03/10;
USPAT; 11:03 '
USOCR;
FPRS; EPO;
JPO;

DERWENT;
IBM_TDB

3/10/2014 2:28:19 PM
C:\Users\Inguyen16\Documents\EAST\Workspaces\13665305.wsp

file:///Cl/Users/Inguyen16/Documents/e-Red%20Folder/13665305/EASTSearchHistory.13665305_AccessibleVersion.htm[3/10/2014 2:28:22 PM]

Page 323 of 339



Beceipidate: 09/24/2013

Doc description: Information Disclosure Statement (IDS) Filed

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

13665305 - GAlbmddd

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 13665305
Filing Date 2012-10-31
First Named Inventor ‘ Satoru ITOU

Art Unit 2897
Examiner Name L. T. Nguyen
Attorney Docket Number |085393-0941

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
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Initial No Code' of cited Document )
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1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner
Initial*

Cite No

Publication
Number

Kind
Code!

Publication
Date

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dzzument Passages or Relevant
Figures Appear
. w/Full English
1 2003-100896 JP A 2003-04-04 Toshiba corp Translation
. w/Full English
2 2004-79606 JP A 2004-03-11 Fujitsu Ltd Translation
. w/Full English
3 08-306797 JP A 1996-11-22 Ricoh Kk Translation
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Receipt date: 09/24/2013 Application Number 13665305 13665305 - GAU: 2897
Filing Date 2012-10-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Satoru ITOU

Art Unit 2897

Examiner Name L. T. Nguyen
Attorney Docket Number |085393-0941

If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), T5
publisher, city and/or country where published.

Examiner| Cite
Initials* [ No

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
EXAMINER SIGNATURE
Examiner Signature /Lawrence-Linh Nguyen/ Date Considered | 03/08/2014

*EXAMINER: Initial if reference considered, whether or not citaticn is in cenformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with hext communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Receipt date: 09/24/2013 Application Number 13665305 13665305 - GAU: 2897
Filing Date 2012-10-31

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Satoru ITOU

Art Unit 2897

Examiner Name L. T. Nguyen
Attorney Docket Number |085393-0941

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}2).

[[] See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael E. Fogarty/ Date (YYYY-MM-DD) 2013-09-24
Name/Print Michael E. Fogarty Registration Number 36139

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a henefit 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 ccllection is estimated to take 1 hour 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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Receipt date: 09/24/2013 13665305 - GAU: 2897
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 sclicited
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 applicaticn 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

(5 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 the Freedom of Information Act requires disclosure of these record s.

2. 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.

3. 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.

4, A record in this system of records may be disclesed, 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).

5. 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
te the Patent Cooperation Treaty.

6. 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(¢)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designhee, 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 geverning inspection of recards for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. 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.5.C. 122(b) or issuance of a patent pursuant to 35 U.S5.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 epen to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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New International Application Filed with the USPTO as a Receiving Office
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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 68 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.

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

Satoru ITO, Hyogo, JAPAN;

Yoshiya MORIY AMA, Toyama, JAPAN;
Hiroshi OHKAWA, Toyama, JAPAN;

Susumu AKAMATSU, Toyama, JAPAN;
PANASONIC CORPORATION, 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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