
Docket No.: 085393-0941 

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

Prior Application: 
Art Unit: 

International Application No. PCT/JP2011/002868 
(Unassigned) 

Examiner: (Unassigned) 

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

Sir: 

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

under 35 U.S.C. 11 l(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 MORIY AMA Toyama, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi, 
Osaka, Japan 571-8501 

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

Susumu AKAMA TSU Toyama, Japan Japanese 1006, Oaza Kadoma, Kadoma-shi, 

1. [8] 

2. □ 

3. [8] 

4. □ 

5. □ 

Osaka, Japan 571-8501 

I 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. 

Preliminary Amendment is enclosed. 

An Information Disclosure Statement and PTO 1449 Form are submitted herewith. 

Cancel claims 

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 ½ for Small Entity $0.00 

Assignment & Recording Fee $0.00 

Total Fee $1,260.00 

1. [8'] The Commissioner is hereby authorized to charge fees under 3 7 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. D Amend the specification by inserting before the first line the sentence: 

3. [8'] 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. [8'] The prior application is assigned of record to: 

PANASONIC CORPORATION 
Osaka, Japan 

5. [8'] The power of attorney in the prior application is to: 

MAEDA & PATNERS 
Osaka, Japan 
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6. [8J Also enclosed: 

► Executed Declaration and Power of Attorney 
► Front Page oflnternational Publication 
► PCT Request 
► International Search Report 
► PCT/IB/301,304 
► PCT/ISA/220,237 

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

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

500 North Capitol Street, N.W. 
Washington, DC 20001 
(202) 756-8000 MEF:gj 
Facsimile: (202) 756-8087 
Date: October 31, 2012 

McDERMOTT WILL & EMERY LLP 
500 North Capitol Street, N.W. 
Washington, D. C. 20001 

Respectfµ11y sujbmitted, 
J /,/* 

MCDER~Ott WILL & EMERY LLP 
j,• I 

./(,./'·--</")· 
<F V 

M~aelE. Fogafrty 
Registration No. 36,139 

Please recognize our Customer No. 53080 
as our correspondence address. 
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Doc Code: PA.. PTOIAIA/82B (07-12) 
Document Deseription: Power of Attorney Approved for use through 11/3012014. 0MB 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 0MB 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 Yet·A~signed 
1 i 

Attorney Docket Number 085393-~,1 
i 

SIQcNAJ~fE of 1PPlicant or Patent Practitioner 

"l~) L-✓;:I 10/31/12 
Sionature Date 

Name 
Michaeli Fogartt 

Telephone 
(202) 756-8372 

Reoistration Number 
36,139 

' 
NOTE: This form must be signed in accordance;with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 

□ 
··<.• 

'Total of 1 forms are submitted. 
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[ 

PTO/AIA/828(07-12) 
Approved for use through xxlxxlxxxx. 0MB 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 lo a collection of information unless ii displays a valid 0MB control number. 

POWER OF ATTORNEY BY APPLICANT l 
I hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter. 

Ii] 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 PT0/AIN82A or equivalent): 

I I OR 
53080 

I 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 (fonm PT0/AIN82A or equivalent): 

Name Registration Number Name Registration Number 

Please recognize or change the correspondence address for the above-identified patent to: 

Ii] The address associated with the above-mentioned Customer Number. 

OR 

I I 
□ The address associated with Customer Number: 

OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant: 

D Inventor or Joint Inventor 

OLegal Representative of a Deceased or Legally Incapacitated Inventor 

li]Assignee or Person to Whom the Inventor is Under an Obligation to Assign 

D Person Who Otherwise Shows Sufficient Proprietary 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) -- ./ / SIGNilURE of.Applicant for Patent 

Signature //"/' ~ ~~-__,,,, I Date 1 s ... ~. //_ Z•/7 
Name HIROKI NAITO I Telephone I 

, 

Title and Comoanv Director Authorized Sianina Officer for Armlicant. Panasonic Corporation 
NQTI;: 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 fonms for more than one signature, see below•. 

Ii] *Total of 1 forms are submttted. 

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 lo 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 lo 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, ca/11-800-PTO-9199 and select option 2. 

Page 5 of 339



PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

Attorney Docket Number 085393-0941 
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 
bibliographic 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 

D 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Satoru ITO 

Residence Information (Select One) 0 US Residency (!) Non US Residency O Active US Military Service 

City Hyogo !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma, Kadoma-shi 

City I Osaka I State/Province I 
Postal Code 1 571-8501 I Country 1 I JP 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Yoshiya MORIYAMA 

Residence Information (Select One) 0 US Residency (!) Non US Residency O Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma, Kadoma-shi 

City I Osaka I State/Province I 
Postal Code I 571-8501 I Country 1 I JP 

Inventor 3 I Remove I 
Legal Name 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

Attorney Docket Number 085393-0941 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE 

Prefix Given Name Middle Name Family Name Suffix 

Hiroshi OHKAWA 

Residence Information (Select One) 0 US Residency (!) Non US Residency 0 Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma, Kadoma-shi 

City I Osaka I State/Province I 
Postal Code I 571-8501 I Country 1 I JP 

Inventor 4 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Susumu AKAMATSU 

Residence Information (Select One) 0 US Residency (!) Non US Residency O Active US Military Service 

City Toyama !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Panasonic Corporation 

Address 2 1006, Oaza Kadoma, Kadoma-shi 

City I Osaka I State/Province I 
Postal Code I 571-8501 I Country 1 I JP 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

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_lP _Docket@mwe.com I I Add Email I !Remove Emaill 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

Attorney Docket Number 085393-0941 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE 

Application Information: 

Title of the Invention SEMICONDUCTOR DEVICE 

Attorney Docket Number 085393-094 1 I Small Entity Status Claimed □ 
Application Type Nonprovisional 

Subject Matter Utility 

Suggested Class (if any) Isub Class (if any) I 
Suggested Technology Center (if any) 

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

Publication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

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

D 35 U.S.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 international 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 I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 53080 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 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 I Remove I 
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 I Add I by selecting the Add button. 

Foreign Priority Information: 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

Attorney Docket Number 085393-0941 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE 

This section allows for the applicant to claim benefit 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). 

I Remove I 

Application Number Country i Filing Date (YYYY-MM-DD) Priority Claimed 

2010-205599 JP 2010-09-14 (!) Yes 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

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 (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO), 
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 dale offiling this Authorization. 

Applicant Information: 

0 No 

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/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

Attorney Docket Number 085393-0941 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR 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. I Remove I 
® Assignee lo Legal Representative under 35 U.S.C. 117 

0 Person to whom the inventor is obligated to assign. lo Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor : I 

If the Assignee is an Organization check here. ~ 
Organization Name I PANASONIC CORPORATION 

Mailing Address Information: 

Address 1 1006, Oaza Kadoma, Kadoma-shi 

Address 2 

City Osaka State/Province 

Country ii 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 . I Add I 
. 

Signature: Remove 

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

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

First Name Michael I Last Name I Fogarty Registration Number 36139 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. 0MB 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 0MB control number. 

085393-0941 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR 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 lime 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. 

EFS Web 2.2.3 
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Privacy Act Statement 

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

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (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 records. 

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 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 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the 
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan 
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 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. 

EFS Web 2.2.3 
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Panasonic Ref: ._P6.::..1::-1...,.09 ..... 7 ..... -0.,._1...__ __ _ 
1st Partner Name: MAEDA & PARTNERS 
Route: □PCT/ □Paris/ DUS First 

□CA/ □DIV/ □CIP / ■Bypass 

Page 1 of4 
1st Partner Ref (if needed): M11-182US1-TB 

PTO/AW01 {06-12) 
Approved for use through 01131/2014. 0MB 0651-0032 

u. s. Patent and Trademaik Office; u. S. DEPARTMENT OF COMMERCE 
Unaer the Papeiwonc Reduction Act of 1995, no persoll5 are required to respond to a colection of infonnatlon unless It displays a valld 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET f37 CFR 1.76} 

Title of 
Invention 

SEMICONDUCTOR DEVICE 

As the below named inventor, I hereby declare that: 

This declaration t8] 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. 

I believe that I 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 US PTO, 
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 
appffcation (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: Satoru ITO Date (Optional) : __ O_c_t_, _1_1 _l_t>_/_i_ 

Signature: _____ tJ;: ....... .......,_~----~__.,,,.,,..~-=---------------------

Note: An application data sl\eet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form. 

Use an additional PTO/AIN01 form for each additional inventor. 

This coHeciion of Information is required by 35 U.S.C. 115 and 37 CFR. l .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 appfication. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to lake 1 minute to 
complete, including gatheling, 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 ronn, can 1-80(}.PTQ-9199 snd se/ec/ option 2. 
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Panasonic Ref: -P6_1 ___ 1...,0...,97..._-.... 01 _____ _ 
1st Partner Name: MAEDA & PARTNERS 
Route: □PCT/ □Parisi DUS First 

□CAI □DIV/ OCIP / ■Bypass 

Page2 of4 
1st Partner Ref (if needed): M11-182US1-TB 

PTOJAIA/01 (06-12} 
Approved for usethrou9h 01/3112014. 0MB 0651-0032 

U. S. Patent and Traclemark Office; U. S. DEPARTMENT OF COMMERCE 
Under 1he Paperwork Reduction Act of 1995, no persons are renuired to reSllO!ld to a collection 0f inKirmation unless It disnlav& a valid OM8 control number: 

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

Title of 
Invention 

SEMICONDUCTOR DEVICE 

As the below named inventor, I hereby declare that: 

This declaration C8J The attached appttcation, or 
is directed to: 

0 United States application or PCT international application number ________ _ 

filed on ____________ _ 

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

I believe that I 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 infonnation 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 USPT0 
to support a petition or an application. If this type of personal information is induded in documents submitted to the USPT0, 
petitioners/appucants should consider redacting such personal information from the documents before submitting them to the 
USPT0. 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 ava~able 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: Yoshiya MORIYAMA Date (Optional) : __ /J_c;,_£_. _2_, _2_0_/_:2-__ 

~ /}_ 
Signature: ----r~r---++--_ff__._l~--fl''""~-'--__,'---------------------

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 1.63. The Information is required to obtain or relain a benefit by the pubic which is to file (and 
by the USPTO to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute 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 1460, Alexandri11, 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 nee.d ass/Stance in completing the form. C/il" 1~1)(}..PT0-11199 and select optioo 2. 

Page 14 of 339



Panasonic Ref: __ P6-=-1'---1=0...._97 __ -..._01 _____ _ 
1st Partner Name: MAEDA & PARTNERS 
Route: □PCT/ □Paris/ □us First 

□CAI □DIV I OCIP / ■Bypass 

Page3 of4 
1st Partner Ref (if needed): M11-182US1-TB 

PTO/AIA/01 (OG-12} 
Approved for use through 01/31/2014. 0MB 0851-0032 

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 ot information unles$ it displays a vefl(! 0MB control number 

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

Title of 
Invention 

SEMICONDUCTOR DEVICE 

As the below named inventor, I hereby declare that: 

This declaration [8] The attached application, or 
is directed to: 

0 United States apptication or PCT international application number _______ _ 

filed on ____________ _ 

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

I befieve that I am the original inventor or an original joint inventor of a daimed 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 appHcation. If this type of personal information is induded 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 ofthe 
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) : _O_c._t_ . .;;;..3_ . .;;;:2=--o..._J'""".2.'----

Signature: _.,[.J~ ... •=~· ...i~.qz.z.».1~-----------------------

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 .63. The information is required to obtain or relain a benefit by the public which iS to me (ancl 
by the USPTO to process) an application. Confidentiality is g011emed by 35 u.s.c. 122 and 37 CFR 1.11 and 1.14. This collection ts estimated to take 1 minute to 
complete, including gathering, preparing, and $Ubmitting 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 end/or $UQges1ions 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.IJOO-PT0-9199 and select opt;an 2. 
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Panasonic Ref: :...P..._61.._1,...0""'97.._-..,.0_,_1 ___ _ 
1st Partner Name: MAEDA & PARTNERS 
Route: □PCT/ □Paris/ DUS First 

□CA/ □DIV/ □CIP / ■Bypass 

Page4 of4 
1st Partner Ref (if needed): M11-182US1-TB 

PTO/AIA/01 (06-12) 
Approved for use through 01131/2014. OMS 0651-0032 

U. S. Patent and Tratlemlilk Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduc:tlon Act of 1995, no persons are required to respond to a collectlon of information unleis it displays a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DATA SHEET f37 CFR 1.76l 

Title of 
Invention 

SEMICONDUCTOR DEVICE 

As the below named inventor, I hereby declare that: 

This declaration jg] The attached application, or 
is directed to: 

0 United States application or PCT international application number _______ _ 

filed on _____________ . 

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

I believe that I 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 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 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 publicatlon 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: Susumu AKAMATSU D 
t}c;t, 3 1 ),O/ l.. ate (Optional) : _________ _ 

Signature: ---~""-....a....;;'-----~;.......<.""--------------------------

Note: An application data sheet (PTOISB/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 1.63. The information is required to obtain or retain a benefit by 1he public which i& to 1ile (and 
by the USPTO to process) an applicaijon. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is estimated to take 1 minute to 
complete, Including gathering, preparing, and submitting the completed application form to Iha 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 tor reducing thls burden, should be sent to the Chief Information Officer, U.S. 
Pillent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need asSi:stanca in completing the form, call 1-800-PT0-9199 and select option 2. 

Page 16 of 339



P611097P0 
1/4 

0 U'lr/'J'IVJII 
0-l lil~t±l!IR#~ 

0-2 llil~t±lli\fl 

0-3 (~ttf:fl) 

0-4 llit PCT/RO/101 
::.0'.>4m'S.1:1Ul::a-:,<•liilQI• 
Ii, 

0-4-1 -tifc'.l:J:,:,-C/t:f.&2'h;/t., PCT-SAFE 
Version 3.51.041.217 MT/FOP 20090701/0.20.5. 17 

0-5 11'.l't:-C 
1:1:llJAfi, ::<l)[il~t±!IJ~t~ffm:tJ;.!kfr,J 
1.:vt0-c~l!f~n.'5::t~i!V4*-t?:i. 

H W■Al.:.J:-:>"Cffl~tt,tt~R'lt.n' B *114'"fr (RO/ JP) 
0-7 l:lllliAJttiru!ll.A.<T.>UE-!t P611097P0 
l J51JJ 11);4,fj; ··~••2t ?J-f O)Q:1,jja 
n WIU 
Il-1 ,::O)illl.:ft!i!L,t::~f± t:li■.A. "t! g, ~ (app I i cant on I y) 
ll-2 ,tiQ)J'ti'.il::OOl.:01,,-c©llifi!A i:~7.,o *llli-11< *-COl8'>Ell1 (al I designated States 

except US} 
Il-4ja ,gf/J; 

1(-j-') .=, ~? •it*tt 
H-4en Name: PANASONIC CORPORATION 
ll-5ja ;h-C<l<, 5718501 

B*II 
~u~•m~~~•1oos•• 

[I-Sen Address: 1006, Oaza Kadoma, Kad011a-sh i. Osaka 
5718501 
Japan 

11-6 Wli!Hfjj,f, l B*II JP 
11-7 {ti,f (004':i) B*II JP 
[1-8 Cli5#%. 06-6908-1473 
11-9 77YA!!:fft-!,- 06-6909-0053 
m-1 .:e,11JD,(1.)W■J..JtttM.-
111-1-1 ,::©lll,::.icttL,ft.:i' li W■.A.li ?Jftll:ft"t! i'> ~ (app I i cant and inventor) 
111-1-2 .ti ())jjUE!i l::. 0 P -c 0) tllfiLJ.- -c'3';>7.>. *110)11- (US only) 
HH-4ia ~,t(ttef.) fJtH 
lll-l-4en Name (LAST, First): ITO, Satoru 
Ill-1-5ia 31.>-ci 
!IH-5en Address: 
Ill-1-6 Wfi (fjj4':i) 
11!-H {ti'Jf(l!J4':,) 

Page 17 of 339



P611097PO 

m-2 .lfi1Jt!tQ)ftiliAJtt.t•IJl:1-
m-2-1 ::O)ill!l::.Jjcfll.,,:/;:~I;}: 

ll!-2-2 t'io:>r.l'iEIIH::.-?1, ''CO)l±lfiA "Z'&i{>. 

lll-2-4ja 5:;f,(M;~) 

lll-2-4e~ Name (LAST, First): 

111-2-5ja ;!;:,-C-1, 
lll-2-5en Address: 
III-2-6 lllflHOOf.) 
[[I 2 7 {tijf (00£) 

m-3 .lfG'Jfi!!o:>ltiliAX!i•IJfW 
Hl-3-1 ,::O)jfjji::~l\;Lt::.itl'! 

m-3-2 ;t°O)fs)t~fc:--:iv vtO)/:l:ll!iV, -c-;,;,.::,. 

Hl-3-4ja .a:1, (!tl:£) 

111-3-4en Name (LAST, First): 

m-:{-5ja mt:i': 
lll-3-5en Address: 
lll-3--6 @Ui (m1' l 
111-3-7 ttm<ll!I1'il 
ill--4 ,{"11Jt!lQ)ftiliAJtt.t•IJJlf 
111-4-1 ::.U>!il::.~fl;Lt::.fff'i 

IIH-2 ;t'a>:fit~[l;llc:--::i1, ,-cu>!±JfiA -z,ax,, 

lll-4-4ia J;tf, (ttc.t;) 

lll-4-4en Name (LAST, First): 

IIH-5ja ilb-Cc.t; 
lll-4-5en Address: 
[1(-4-6 !Elli (liJ:f,) 
[(I 4-7 {1;,Jf (ffii);f,) 

N-1 ftllV..Jtt.t;ll;ft"->lt.-#, DQ.>il:>"C.(. 
""flleO)'fl'f:ili!~iamJl.:.;lo1, '-CE 
fi:,(7).::'/::<t±l!liiAO)t:.libi::.fi!ffll"t-'5, 

IV-1-!ja ~;f.(!tHi) 

IV-1-len Name (Lt\.ST, First): 

IV-l-2ja mt4', 

IV-l-2en Address: 

IV-1-3 -~-% 
IV-1-4 77J:'./~lJ,lll:-% 

IV-!-6 t\:l!ILA. !f:iH!l' ~ 

N-2 ~Q)fl!!,Q)m!,A 

lV-2-!ja .E.l;;;f, 

2/4 

1::1:1■.A.&tl:f!lfFl"i!t>i> (appl ioant and inventor) 
*110)11- (US only) 
"JILllltit! 
IORIYAMA, Yoshiya 

l:i:l■A&tt:f!IJl:l'i!t>i> (appl ioant and inventor) 
*IIO)h (US only) 
7'JIUI 
OHKAIA, Hi rosh i 

1±1■.A.&tt:f!~•'t!t>i> (appl ioant and inventor) 
*l!IO)h (US only) 

~~-AKAIIATSU, Susumu 

ftJIA. (agent) 

MEB~ 
MAEDA. Hi rosh i 
5410053 
B*liil 
*E~*Em~~B*•2T~5•7~ *E~U~ 
Jl, 

Osaka-Marubeni Bldg., 5-7, H011111chi 2-ohome, 
Chuo-ku, Osaka-shi, Osaka 
5410053 
Japan 
06-6125-2255 
06-6125-2288 
100077931 
••ttJIA.t~Ct>~~~-Ti>ftJIA. 
(additional agent(s) with the same address as 
first named agent) 
IIEBtUl(100117710); 1frEBli(100143409): 
IIUIJ\■ (100157093) 

Page 18 of 339



P611097PO 
3/4 

4fftta:nM%::1'--::S< 111~mn• 
tl!:l8i!.::.J:0~L- (tt:ti fl'Ff'-:9ii>m!*l::ttl'J1:i"") 

N-2-Ien Name(s) 

V 
V-1 

V-2 

VI-1 
VI-H 

VH-2 

VI-1-3 

1aq)llf11Ha~.,.,<&*~• 
r±IIJHl 

l:lllUi-% 

III!$. 

HARADA, Tomoo(100117710): MAEDA, Ryo(100143409): 
MAWAKI, Hachizo(100157093) 

2010~ 09JI 148 (14.09.2010) 
2010-205599 
B*l'I JP 

v11-1 •~ntt.11unl!IOSA) a *114'1'f fi' o SA/ JP) 
vm ~•:.:1t.!<.:-c~,-,--=,--,----:--:,-----1__:--__:lfl~ft==--c~t1:~ ___ -+-----------
v111-1 ~lj)jtfl1)41i'JEl:::fll!i""0ffl !l:-C 

vm-2 l:l:UilC&V:l\l,ift-.lj.x.,~h7->ffil~l:ll 
JJl 13 l.::.:/,Ht~/il--Al1)f,f~f.::.ll!li""?.'> 
113.>!-C 

Page 19 of 339



P611097P0 
4/4 

4i'i~1£iJMtJl~~--1<!illl:l:lltli• 
lttifflf;:J:,5'.!,-1., (i'.£:@: fli:f7-7;,llm{;:$:,!::ftlJl:i°") 

IX Ii-a-fl llHll:(J)j;:~ 
IX-I JIH: (11'1 ft -r~~t;,) 4 
IX-2 IJUIB:t: 22 
IX-3 ~*<7Jii'il!ll 5 
IX-4 ¥~ 1 
IX-5 lll:lim 13 
IX-7 ,g.~ 45 

Mn ~it 
lX-8 ~~1'-UUJl!lltt -
JX-18 PCT-SAFE 1\Hl±lli -
IX-20 d&tilr.tii"-51!!1~ 9 
IX-21 m•ffi■q;>fVDflf.ti B*M 
X-1 tl:l■A,M.A.Jt~ft~~ll)fiU~~ (PKCS7 T~1' JL-W/6) 

x-1-1 .B;;.,t,(!l'E:t) 1irlB~ 
X-1-2 '1-4',::i!fO).B;;.,t, 
X-1-3 IHI 

:11:~frJTEAM 

10-1 IIIM=c:1., "C111:1l~t1,tt.R 
11)~ J.!11(1)1:1 

10-2 ll!lii 
10-2-1 ~l:l~nt:: 
10-2-2 ' ,ll 

10-3 tt.ttR 
ii't'.l>-:> 

16-4 
a 

10-5 W■A~J:r,4t M:11 Ill ISA/JP 
lH m.lji.ffl*fl.1,,1-:.-?cM}I\ 

l!IIC.U!fl: ' VG'¢~' 

m•••f.\iteA-11 
11-1 1••.1u:~•(T)a 

ll!Ht.;nft.tt 'f-7"-'51 

✓ 

✓ 

✓ 

✓ 

✓ 

~f<t.;nt:li-1-7'-Y 
✓ 

-

Page 20 of 339



PATENT COOPERATION TREATY PCT/JP2011/002868 

From the INTERNATIONAL BUREAU 

PCT To: 

MAEDA, Hiroshi NOTIFICATION OF RECEJPT OF 
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 (day/month/year) 

21 June 2011 (21.06.2011) IMPORTANT NOTIFICATION 

Applicant's or agent's file reference 
P611097P0 ~t\ 1 I ?( <i> ;;-C' I - :Z-

International application No. 

PCT/JP2011 /002868 

The applicant is hereby notified that the International Bureau has received the record copy of the interruit\Qllal appli.catiQtl..as.detaili:d_ 
below. ..,.,).. 

·.~ ·~•··-~ ..... J 
Name(s) of the applicant(s) and State(s) for which they are applicants: 

PANASONIC CORPORATION (for all designated States except US) 
ITO, Satoru et al (for US) - ., •• ' "'."r • • ,. c,r:-l"E 

;l-i,/·c:.,.'tfi ,-,.,,L,1ti ;rt"v 
International filing date: 24 May 2011 (24.05.2011) L..c-,._ 
Priority date( s) claimed: 14 September 2010 (14.09.2010) 
Date of receipt of the record copy by the International Bureau: 08 June 2011 (08.06.2011) 
List of designated Offices: 

~~~~~~~~~~~Lg~~~~ 
EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM 

~~~~~m~~M~~~nm~~~~~~~~~~~~~ 
NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR 

k~~~m~~~~m~~~~~~ro 
ational: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU, 

~M~~~~~~~~n~~~~~~~~~~L~~~~ 
™~~~~~~~~~um~~~-~-~~~~~~ 
~~~~~~~m~n~~~~~~~~~~~~~mnm 
TN, TR, TI, 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/pct/en/text.s/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 Intemational Searching Authority. 

The International Bureau of WIPO 
34, chemin des Colombettes 
12ll Geneva 20, Switzerland 

Facsimile No. +41 22 338 70 10 

Form PCTIIB/301 (July 2010) 

Authorized officer 

Landicho Remedios 
e-mail pt08.pct@wipo.int 
Telephone No. +41 22 338 74 08 

l/ITSPVA4K0 
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PATENT COOPERATION TREATY PCT/JP2011/002868 

PCT 
NOTIFICATION CONCERNING SUBMISSION, 

OBTENTION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 

Date of mailing (day/mon!Wyear) 

04 July 2011 (04.07.2011) 

Applicant's or agent's file reference 
P611097PO 

International application No. 
PCT/JP20111002868 

-e;tional publication date (day/month/year) 

Not yet published 

Applicaut 

From the INTERNATIONAL BUREAU 

To: 

MAEDA, Hiroshi 
OSaka-Marubeni Bldg.,5-7,Hommachi 2-chome, 
Chuo-ku, Osaka-Shi, Osaka 
5410053 
JAPON 

IMPORTANT NOTIFICATION 

International filing date (d,zylmontlryear) 

24 May 2011 (24.05.2011) 

Priority date (day/monlhlyear) 

14 September 2010 (14.09.2010) 

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 ''NRn, in the right-hand column or by an 
asterisk appearing next to the date of receipt, the priority doaunent conefflled was submitted or transmitted to or obtained by the 
Internatienal Bureau in compliance with Rule 17.l(a), (b) or (b-bis). This Fann replaces any previously issued notification 
concerning submission, transmittal or obtaining of priority documents. 

l:r.ior.i.tt.lliili:. £ruu:itr aiwiication N.!h ~ or rgilional Office 
or.P..CI' receiving Qffke 

Date of receipt 
of prim:it.v docmnent 

14 september 2010 (14.092010) 2010-205599 JP 29 June 2011 (29.00.2011> 

a&te letters "NR" denote a priority document which, on the date of mailing o( this Porm, had not yet been received or obtained by the 
.:ternational Bureau in compliance with Rule 17.l(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.l(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 
document within a time limit which is reasonable under the circumstances. 

An asterisk """' next to a date of receipt, denotes a priority document submitted or transmitted to or obtained by the International Bureau 
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Docket No.: 085393-0941 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Satoru ITOU et al. 

Application No.: Not Yet Assigned 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation No.: NIA 

Art Unit: N/ A 

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 ofrelevance 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. 

500 North Capitol Street, N.W 
Washington, DC 20001 
Phone: (202) 756-8372 MEF:gj 
Facsimile: (202) 756-8087 
Date: October 31, 2012 

Respec1fully fiUbmitted, 
. I .r 

/, ,;f // 

MQDE~OTy WILL & EMERY LLP 
z,, 

rllv~ J///'.3 

/Mi<;nae1E'. mgarty 
{.RegistJ.atiortNo. 36,139 

Ple~~e r~cognize our Customer No. 53080 as 
our icorrespondence address. 

2 
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PTO/SB/08a (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number 

Substitute for form 1449/PTO Complete if Known 

Application Number Not Yet Assigned 

INFORMATION DISCLOSURE Filing Date October 31, 2012 

STATEMENT BY APPLICANT First Named Inventor Satoru ITOU 
Art Unit N/A 

(Use as many sheets as necessary) 
Examiner Name Not Yet Assigned 

Sheet I 1 I of I 2 Attorney Docket Number 085393-0941 

U.S. PATENT DOCUMENTS 
Document Number 

Publication Date Name of Patentee or Pages, Columns, Lines, Where 
Examiner 
Initials• 

Examiner 
Initials· 

Examiner 
Si nature 

Cite 
No.1 

A1* 
A2* 
A3* 
A4* 
AS* 
A6* 

Cite 
No.1 

B1 
B2 
B3 
B4 

Number-Kind Code2 ( if known) MM-DD-YYYY Applicant of Cited Document 

US-2004/0082130 04-29-2004 Suzuki et al. 
US-2003/0045058 03-06-2003 Druiif et al. 
US-5,595,922 01-21-1997 Tigelaar et al. 
US-2010/0164007 07-01-2010 ONISHI et al. 
US-2004/0032001 02-19-2004 Gilmer et al. 
US-2010/0176456 07-15-2010 I keno et al. 

FOREIGN PATENT DOCUMENTS 

Foreian Patent Document Publication 
Name of Patentee or Date 

Country Code' -Number4-Kind Code' (if known) MM-DD-YYYY 

J P-2004-079606-A 03-11-2004 
J P-2009-123944-A 06-04-2009 
J P-2003-100896-A 04-04-2003 
JP-08-306797-A 11-22-1996 

Applicant of Cited Document 

Fuiitsu Ltd 
Panasonic Corp 
Toshiba Corp 
Ricoh Kk 

Date 
Considered 

Relevant Passages or Relevant 
Figures Appear 

Pages, Columns, Lines, 
Where Relevant Passages T6 Or Relevant Figures Appear 

Enolish abstract 
Enqlish abstract 
Enalish abstract 
Enqlish abstract 

•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. • CITE NO.: Those application(s) which are marked with an single asterisk (*) next 
to the Cite No. are not supplied (under 37 CFR 1.98(a)(2)(iii)) because that application was filed after June 30, 2003 or is available in the IFW. ' Applicant's 
unique citation designation number (optional). 'See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued 
the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must 
precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if 
possible. 6 Applicant is to place a check mark here if English language Translation is attached. 
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PTO/SB/08b (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Substitute for form 1449/PTO Complete if Known 

Application Number Not Yet Assigned 

INFORMATION DISCLOSURE Filing Date October 31, 2012 

STATEMENT BY APPLICANT First Named Inventor Satoru ITOU 
ArtUntt N/A 

(Use as many sheets as necessary) 
Examiner Name Not Yet Assigned 

Sheet I 

Exami~er Cite 
Initials No. 1 

C1 

C2 

!Examiner I 
Signature 

2 I of I 2 Attorney Docket Number 085393-0941 

NON PATENT LITERATURE DOCUMENTS 
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, page(s), volume-issue 

number(s), publisher, city and/or country where published. 

T. Schram et al., "Novel Process to Pattern Selectively Dual Dielectric Capping Layers Using 

Soft-Mask Only", Symposium on VLSI Technology Digest of Technical Papers, pp.44-45 
(2008). 

International Search Report mailed August 23, 2011 issued in corresponding International 
Application No. PCT/JP2011/002868. 

I Date 
Considered 

T2 

•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not 
considered. Include copy of this form with next communication to applicant. 

'Applicant's unique citation designation number (optional). 'Applicant is to place a check mark here if English language Translation is attached. 
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(51)Int.CI. 

PATENT ABSTRACTS OF JAPAN 

( 11 )Publication number : 2004-079606 

(43)Date of publication of application : 11.03.2004 

H0ll 21/8234 
H0ll 21/316 
H0ll 21/76 
H0ll 21/822 
H0ll 21/8247 
H0ll 27/04 
H0ll 27/088 
H0ll 27/115 
H0ll 29/78 
H0ll 29/788 
H0ll 29/792 

(21 )Application number : 2002-234487 (71 )Applicant : FUJITSU LTD 

(72)Inventor : IRINO KIYOSHI 
MORIZAKI YUSUKE 
SU GIT A YOSHIHIRO 

(22)Date of filing : 12.08.2002 

(54) SEMICONDUCTOR DEVICE HAVING HIGH DIELECTRIC CONSTANT FILM AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 
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 
10 is provided. 

2012/09/20 
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- :::. :;.,, 1f 9 0 c t re J: --::i -r , v 1J ::i :;.,, 1f - r ~ 1s,)x 5 o , H f o 2 Hi 4 3 & a: fr£ tfill ~ ft ~ 
4 4, 4 s~!f-r~~~t90lf-rm@~%PX900 

'!X. 1.t, T , !f - r f~ @ ~ --z ;z '7 t L -r A s -1' ;t Y ~ {u 71□ :ifil .:c. :'/', Jv .:¥' - c 7± A 9 0 c t ic J: -::i 

--Cn~-1''77-..7YV3:;.,,fm~51~%PX90a 

[ 0 0 6 1 ] 50 

Page 45 of 339



(9) JP 2004-79606 A 2004.3.11 

~ 6 (I) 'B'~-~ 
',If!._ v' 1: , L P C V D t:t. ~ ffl v' --C ~ lID ie J!J[ v' S i O 2 Hl ~ it ffi ~ -1i tc. 0) t, , ~ 15 ·ti .:c. ':J 1-
:,,; '/ ~ ln!i 9 c:. t ie J:: --::i -r -tt -1 r "7 ;:j- - Jv s 2 ~ JB fix. L , ',If!._ 1,;, 1: , !f - r- • @ & 'CJ -tt -1 r "7 
;:j--~52~?A~tL--CAs-{*:,,;~~~~.:c.*~~-1:-1*:,,;~~90C:.tkJ::--::i--C 

nlJfi'J-A • fv-1/\i~5 3~%/:ix.900 
[0062] 

~7 (m) 'B'~~ 
',If!._ \;' 1: , A J \ 'j IJ 1) ✓ lj' t:t. ~ ffl \;' --C !ID re , r~ ~ f/i , {JIJ ;lt_ i:f , 3 0 n m 0) C o ~ 5 4 ~ it 
ffi ~ ,±- 0 0 

[0063] IO 

~7 (n) 'B'~~ 
',If!._ l ' 1: , N 2 ~ lffl ~ i:j:l 1: , 4 0 0 ~ 6 0 0 °C , {§IJ ?t. ti' , 5 0 0 °C 0) ilfil f:ll 1: , 1 0 ~ 9 0 

0 f'Y , {JIJ ?t. &;f , 3 0 f'Y Fsi 0) g ~ ~ 911 f!. ( R a p i d T h e r m a I A n n e a I i n 
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7J. :f5 , L 0) ~ SJl re :f5 \,' l (i , L O g i C tip c'. )1!i] ill [ill ffl /jp 0) fJiM @ I ~ c'. l, l l, 7J' SJl l, l 

l' i;r. \.' '/J'i , I / 0 ~ ~ JB fix. 9 0 ±\3 €;- re (i , f)J ie , I / 0 /jp ~ ~ JR ft\: illll. ~ ft L , ~I;{_ \.' 1: , 

~6 ( i) O)~[emJilllfilfflttp~~tR{t\:11lll.~{t9tl(:fa\.'o 
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( Z r O 2 ) , ~ {t -1' ':J }- 1) "7 b ( Y 2 0 3 ) , ~ {t 5 ::,, IJ Y C L a O 3 ) 
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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 1088 
which are positioned at both ends of the direction of 
channel length of the gate electrode 108 and contacts 
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 1088 are different. 
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~ 2 ( a ) i:p 0) A A ' tJR re. tB --:> tc. 1,; :1/ F t/il @ 0) tl i\ ~ c' as I:) , ~ 2 ( b ) /i Jf - I- S ~ 
-Jf, 4 . 1 e V 0) {± 00 t-'J. ( n • li;'t 0) ;f, 1) 1/ 1) ~ / 0) {± 00 'li'J. re. t§ 3 ) ,:? tiJ --:) ±~ 1§,- 0) l \ / F 
t/il @ 0) tl i\ ~ c' as I:) , ~ 2 ( c ) fi Jf - I- S ~ iJ\ 4 . 6 e V 0) {± $ 00 'li'J. ( * ~ v' {± $ 00 ~ 20 

) ,:? tiJ --:) ±~ 1§,- 0) l \ / F t~ @ 0) ~ i\ ~ c' as 0 0 ri,j ' ~ 2 ( b ) Hz.. u ~ 2 ( C ) re. :J3 \; \ l ' n 
~ 0) F v ,1 :;,,, fm ±.\'X 0) {± $ 00 i'J. ti 4 . 1 e V c' as 0 t l.,, --C v' 0 c 1 tc. , ~ 2 ( b ) Hz.. U ~ 

2 c c ) re. ff; 9 1" :;,,, F m @ ri 1.;, -f n 1t , lf' - 1-- • EE v g Hz.. u F v ,1 :;,,, • EE v d n' t 1t re. o 
V c' as 0 ±~ fr 0) 'b 0) c' as 0 0 * tc. ' ~ 2 ( b ) Hz.. u ~ 2 ( C ) re. :J3 \; \ l ' ~ fill fj: • {ll. 0) * 
~ ~ C T rtrJ ~ -:? IE ) -:? XR L, , tiUill ri {ll. ■ -:? XR L , 1 \ :;,,, F -:? ff; 9 ** 0) {IJ! ~ 'h' S W ilsi flit -:? ff; 9 
c ~ 2 ( b ) re. ff; 9 J:: '3 re. , lj' - I- S ti,j 'fJ\ 4 . 1 e V 0) {± 00 t'J. -:? tiJ "J ±~ fr , F v ,1 :;,,, µJii 

ti 0) {± 00 'li'J. t Jf - I- S ~ 0) {± $ 00 ~ t 0) Fell re. li. 'h' iJ: v' tc. ~ , n ' li;'t 0) F v ,1 :;,,, µJii ±.\'X t lf' 
- I- ~ *i Ill t 0) Fsi re. :J3 l, \ l / \ / F 0) Ell:l 'fJ\ I:) ri ± L:: 7d: \; \ 0 - 7J ' ~ 2 ( C ) re. ff; 9 J:: ') re. ' 
If - I- S ~ 'fJ\ * ~ v' {± 00 'li'J. ( 4 . 6 e V ) -:? tiJ "J ±~ i:,- , Jf - I- S ~ 0) {± $ 00 J'J. 'h" F v ,1 

:;,,, µg ±.\'X 0) {± 00 'li'J. J:: I:) 1t * ~ < iJ: 0 tc. ~ , If - I- '~ EE V g JJz.. U F v ,1 :;,,, SEE V d 'fJ\ t 1t re. 30 

0 V c' as --:> tc. t L, T 1t , -z 0) li. re. t§ ili 9 0 IE 0) S EE ( :J3 J:: -z 4 . 6 4 . 1 0 . 5 V ) 

'fJ\ ~ 7J' 0 J:: I.ff re. f P 1Jo ~ :h tc. i;i( 1!..~ re. as 0 0 -z 0) *a * ' ~ 2 ( C ) re. ff; 9 J:: ') re. ' n I fill 0) F 

v ,1 :;,,, fm ±.\'X t If - I- ~ ~ Ill t 0) Fsi re. :J3 v' --C 1 \ Y F re. Ell:l 'h' 1:) 'h' :'t L:: T v' 0 o 

[0033) 

~ 3 ( a ) lJz.. U ~ 3 ( b ) ti -r :h ,f' :h G I D L 'h" lffi ~ re. 7d: 0 S EE ~ {if c 0) 1 \ :;,,, F t/il @ 

~ 2 ( a ) i:p 0) A A ' ** re. rB --:> tc. 1 \ :;,,, F t/il @ ) 0) tl i\ ~ c' as I:) , ~ 3 ( a ) /i lj' - I- S 
~ iJ, 4 . 1 e V 0) {± 00 ~ ( n ' ~ O) ;f, 1) v 1) ~ :;,,, 0) {± $ 00 ~ re. t§ ili) -:? tiJ--:) ±i fr 0) 1'Z :;,,, 

F t/il @ 0) tl i\ ~ L' as I:) , ~ 3 ( b ) ri Jf - I- S ti,j 'fJ\ 4 . 6 e V 0) {± $ 00 :i'J. ( * ~ t' {± 00 

t'J. ) ,:? tiJ --:) ±i fr 0) l \ / F m @ 0) tl i\ ~ c' as 0 0 Mi ' ~ 3 ( a ) Hz.. u ~ 3 ( b ) re. :J3 \; \ l ' 
n I ~ 0) F V ,{/µft ±.\'X !]) {± 00 ~ ri 4 . 1 e V c' as 0 t l.,, l l' 0 0 * tc.' ~ 3 ( a ) Hz.. u 40 

~ 3 C b ) ic. ff; 9 1 \ :1/ F t/il @ fi 1.;' --r :h 1t , G I D L 'fJ\ lffi ~ re. iJ: 0 S EE ~ {if -:? {le ffl L tc. t~ i:,-

, !3, {;$: i¥,] re. fi If - I- SEE V g 'fJ\ 0 V , F v ,1 Y S EE V d 'fJ\ 1 . 2 V c' as 0 ±i fr 0) 1t 0) c' as 
0 o 1 tc. , ~ 3 ( a ) Hz.. U ~ 3 ( b ) /;::_ :J3 v' --C , fi!t fill rt S {ll. 0) * ~ ~ ( T [IJJ ~ -:? IE ) -:? XR 

L , tw fill fi {ll. ■ -:? XR L, , 1 'Z ::,, F -:? ff; 9 ** 0) fiJ! ~ 'h" S W ilsi flit -:? ff; 9 o ~ 3 C a ) re. ff; 9 J:: '? 
re. , lf' - I- ~ 'fJ\ 4 . 1 e V 0) {± 00 ~ -:? tiJ --:) ±i fr , 1 . 2 V 0) F v ,1 :;,,, S EE V d 'h' m 1J□ 
~ :h 0 C t re. J:: I:) , n 1 

0) F v ,1 :1/ fm ±.\'X t Jf - I- ~ ~ ijl t 0) Fs~ re. :J3 v' --C 1 . 2 V 0) F v 
,{ /. EE V d 0) 7]\. t!. it l\ / F 'fJ\ Ell:J 'fJ\ J l \; \ 0 0 - 7J' ~ 3 ( b ) re. ff; 9 J:: ') re.' Jf- I- • 

ti,j fJ\ * ~ t' {± 00 ~ ( 4 . 6 e V ) -:? t'1 "J ±i fr , AA i& 0) J:: '? re. , Jf - I- S ti,1 0) {± 00 t'J. t 
F v ,1 :;,,, µJii ±.\'X 0) {± $ 00 t'J. t 0) li. re. t§ ili 9 0 IE 0) S EE C *f;J o . 5 V ) fJ\ I.ff re. .R. tJ, it J:: fP 1Jo ~ 
:h tc. i;i( !t~ re. S v' --C 1 . 2 V 0) F v ,1 :;,,, S EE V d 'fJ\ m i¥,} re. fP 1J□ ~ :h 0 tc. ~ , Jf - I- ti,j t 50 
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F v ,1 :,; m"i ~ t !]) Fa~ re li , ~ 3 C a ) re ff; 9 ±j i'i" J:: o t }( ~ tJ. 'Ji EE -JJ, fD ho ~ :h T \,' 0 c. t 
re fJ:_ 0 o c. !]) t::. 'ciJ , n + ~ !]) F v ,1 :,; fi'~ ~ t lf - I- M.Hi lffi t !]) Fa~ re :i3 rt 0 1, :,; r !]) EllJ -JJ, fJ 
t , ~ 3 C a ) re ff- 9 T® i'i" J:: o t * ~ < fJ:_ o , -=t- !]) *t * , 1 \ :,; F 7<i::' ff- 9 ** !]) {\jj ~ re :HJ ':1§ 9 
0 'Ji W 5§'1 ~ t , ~ 3 C a ) re ff; 9 T® fr t lt ~ T }( ~ ( fJ:_ 0 o 

[0034) 

l_:.I, J: re tR SJJ L t::. J:: -j re , n ~ M I S F E T 0) ±j , lf - I- 'Ji jl,j !]) {± lffl IX -JJ, }( ~ ( fJ:_ 0 

re 1tE J l ~ WI 1i [P] !]) 'Ji w !]) 5§'1 ~ 1J' * ~ ( 7J:_ G O 1tE ':) l ' * ~ Jn!j * l~ !]) J:: -j re ' lf - I- 'Ji jl,j 
1 O 8 !]) jjjjj ftll,l re ft G :h t::. ffi 2 !]) ® 'Ji J'.m 1 O 8 B !]) ffi 2 !]) {± lffl Ix 7<i::' ,J\ ~ ( L T n ~ !]) 

.:r:. 17 7- -r :,; v 3 :,; m"i ~ 1 o 4 -=> :t I:) n ~ v 1) :::1 :,; !]) ffi 3 !]) {± $ lffl ~ re J5: --:5 rt --c -\'.> 0 c. t re 
J: 1) ' ::t - / \ - 7 'Y 7 m"i ~ A re :i3 rt G ~ 1i [P] !]) w !]) il§'l ~ 7<i::' {ff ii 9 G L t 1J' T: ~ G O 10 
[0035) 

M'I , ffi 1 !]) ~ .1n!i % tUe :i3 1, ' T , lf - I- 'Ji ~ 1 O 8 !]) ffi 1 !]) ® 'Ji gr, 1 O 8 A !]) {± lffl ~ ( 
ffi 1 !]) {± $ lffl Ix ) 7<i::' p ~ V 1) ::J :,; !]) {± $ lffl ~ re J: f) J5: --:5 rt 0 C t re J: -:> T , D I B L ( D 

r a i n I n d u c e d B a r r i e r L o w e r i n g ) 7<i::' tl1J miJ 9 0 C t 1J' T: ~ 

0 o 

[0036) 

;t t::. , 1 !]) ~ .1n!i :if5 l~ re B \,' T , ~ ~ '1'1 W rnf II 1 0 6 !]) lt ii $ 7<i::' 3 . 9 re YE L t::. 1J' 
, C:. :h re r,H G 9 , ~ ii $ Jffi 1 0 7 !]) lt ii $ ( 4 0 ) J: fJ t Jj\ ~ \,' {f £ !]) {()He ~ YE 9 0 
C:. t -JJ, T: ~ 0 o :t t::. , ~ ~ 'Ii W II 1 0 6 !]) W ~ ti -J,' fJ:_ ( t t O J: fJ t }( ~ ft :h l;f , W rnf 
~ 'Ii 7<i::' [P] J: ~ -1± G L t 1J' T: ~ G O * t::. ' ?iii ii 'Ji $ mi 1 0 7 !]) lt ~ 1't $ 7<i::' 4 0 re YE L t::. 1J' 2 0 

, c:. n re r>H G 'f , ~ *i ,11 w rnf II c v 1J :::1 :,; D 11:: lffi ) 1 o 6 !]) lt ~ 'Ji * c 3 . g ) J: o t * 
~ \, \ {f !]) {ii re ~ YE 9 G L t 1J' T: ~ G O M'I ' r'i'lJ ii 'Ji $ iji 1 0 7 t L l ti ' 8 l_:.I, J: !]) lt ~ 'Ji 
$ 7<i::' ~ 9 0 ~ ~ ti D {I:: :tbJJ lffi 7<i::' ffi \,' 0 c. t -JJ, :t L ( , WU x t;f , A I O 3 iji , Z r O 2 lffi 
, HfO 2 iji, HfS iOx iji, ZrS iOx /ffi, Y O 3 /ffi, La 2 O; iji, Pr Ox 

~ fJ:_ E 7<i::' ffi \,' 0 C. t 1J' T: ~ 0 o 

[0037) 

;t t::. , ffi 1 !]) ~ hi!l % tUe :i3 l' T , Jf - I- 'Ji ji,j 1 o 8 OJ ffi 1 !]) ® 'Ji gr, 1 o 8 A OJ {± lffl Ix 
;{r 4 . 4 e V re ~ YE L t::. -JJ, , c. :h re r,H G 'f , ffi 2 !]) ® 'Ji ffr, 1 o 8 B !]) {± $ lffl Ix J:: o t p ~ 

;:,,- 1) :::1 :,; !]) {± JJ lffl ~ re J5: \,, ff £ !]) f@ re iQ YE 9 0 c. t -JJ, T: ~ 0 0 c. !]) t ~ , 1 !]) ® 'Ji gr, 1 

0 8 A !]) fl'i'i PX tr rl- li '¥- ® {t T: d,1) -:> T t ~ ~ T: d,1) -:> T t J:: l' o :t t::. , lf - I- 'Ji ~ 1 0 8 !]) ffi 30 
2 !]) ® 'Ji gr, 1 o 8 B !]) {± lffl ~ 7<i::' 4 . 2 e v re tQ YE L r::. -JJ"' , c. n re r,H G 'f , ffi 1 !]) ® 'Ji gr, 

1 o 8 A !]) {± $ lffl ~ J:: o t n ~ ;:,,- 1) :::1 :,; !]) {± lffl ~ re J5: \,, {f £ !]) {ii re iQ YE 9 0 c t -JJ, T: ~ 

0 o C. !]) t ~ , ffi 2 !]) ® 'Ji 1 0 8 B !]) ti'i'i PX tr ¥4 fi '¥- ® {t T: d,1) -:> T t ~ ~ T: d,1) -:> T t J: l' 
o f-§iJ x (;f , ffi 1 !]) ® 'Ji gr, 1 0 8 A !]) ti'i'i PX tr rl- t L T , T i N , M o , M o S i N , T a , 

W x fi L a O tJ. E ffl \,' 0 c:. t -JJ, T: ~ , ffi 2 !]) ® 'Ji gr, 1 O 8 B 0) ti'i'i PX tr f1 t L T (i , n ~ ;f-

1) 1/ l) ::J / 7<i::' ffl \, \ 0 C t 1J' T: ~ 0 O 

[0038) 

:t t::. , ffi 1 !]) ~ .1n!i % !lUe B \,' T , n ~ !]) M I S F E T !]) lf - I- tl'i'i @ 7<i::' :tt * t L T iR SJJ L 

t::. 1J' ' * ~ 13}J fi p ~ !]) M I s F E T !]) lf - I- • @ re t ~ ffi fl~ T: d,1) G O L !]) ±j fr ' lf - )-

'Ji~ 1 o 8 !]) ffi 1 !]) ~ 'Ji gr, 1 o 8 A !]) m PX tr *4 re (i , ffi 2 !]) ® 'Ji gr, 1 o 8 B J: •J t n ~ ;:,,- 40 
1J :::1 :,; !]) 1± lffl ~ re J5: \,, 1± IJ lffl ix 7<i::' ~ 9 0 ¥- ® ft x ti ~ 'ey 7<i::' m \,, , lf - t- 'Ji ji,1 1 o s !]) 

ffi 2 !]) ® 'Ji gr, 1 o 8 B !]) m PX tr ¥4 te ii , ffi 1 !]) ® gr, 1 o s A J: I:) t p ~ ;:,,- 1J :::1 :,; !]) {± $ 

lffl Ix re JD: \, \ {± lffl ~ 7<i::' ~ 9 G ¥- ® {t X. li ~ ~ 7<i::' ffl \, \ G O {§lj X ti ' % 1 !]) ® gr, 1 0 8 A 

!])tJ'i'iPXtrf4tLT, TiN, MoSiN, RuO 2 , Ta, TaN, TaC, W, PtW 

X ti P t tJ. E ffl \,' 0 C t 1J' T: ~ , ffi 2 !]) ® 'Ji gr, 1 0 8 B !]) fl'i'i PX tr ¥4 t L T fi , p ~ ;f- 1) 1/ 
1) ::J :,; 7<i::' ffi \,' 0 C. t 1J' T: ~ 0 o p ~ !]) M I S F E T !]) Jj' - I- tl'i'/ @ 7<i::' tt * t 9 0 J:j fr , 'r -\7 

*~m"i~l03~n~;:,,-0:::1:,;~Gtl'i'/PX~.fl, .:r:.77-7:,;;:,,-3:,;m"j~l04~pm!V0::J 

:,; -JJ, G tl'i'i PX ~ n , v - ::z_ • r v ,1 :,; fil'i ~ 1 o s ti P , mi ;:,,- 1J :::1 :,; -JJ, G m PX ~ n 0 C 

[0039) 

l_:.I, ~ , ~ 1 re ff; 9 ~ fft!l % l~ !]) '¥- ® {t ~ ffill 1J' p ~ !]) M I S F E T T: d,1) 0 t 1..., --C , ~ !]) r 50 
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v ~ ::,, ~ EE & tf $11. 0) lf - r ~ EE 1f: EiJbD L t::: ~ fr (C ;d-- - ; ,; - 5 'Y 7° ffl ~ A le :'t C 0 fil llli 7J IPl 
0) ~ W (C -:J 1.t' T , ~ (C , !f - r ~ j<,j 1 0 8 (C .:J:3 U- 0 ffl 2 0) ~ ~ l'.m 1 0 8 B 0) ffi 2 0) {± $ 00 

B1<rI~A~::,,v3::,,ffl~l04-:JffJp@Vl)~:;_,,O)ffi30)ft OOBfe~~HT~0C 

t (C J:: fJ , ;d-- - I\ - 7 'Y 7° fil ~ A (C .:J:3 ( t 0 fil 7J IP] 0) ~ W 0) 5!ll m'. 1<r {If ~ '"f ~ 0 fJll. 83 (C -:J 1.t' 

TlJJlSfJ900 
(0040) 

['Z) 4 ( a ) fj: - Jifx i'l"J iJ: p @ M I S F E T 0) li9T jjj ['Z) '"f JS 0 o ['Z) 4 ( a ) (C :;r, 9 p @ M I S 

F E T (j: ' lf - r ~ j<lj t lj' - )- $@ ~ ~ t n @ 0) t'J .:r. Jv ffl ~ t p + @ 0) 1/ - A ffl ~ t p I 

@ 0) F v ~ ::,, ffl ~ t 7J' G iJ: 0 o raj , Sfj 7<r i'ii1i ~ {I:: 9 0 t::: cl) fc , lf - !- ~ j<,j Ii 111 - 0) {± 00 

rt ;z- :tf J ;t,t 'tt re J:: ':) --r m n1t ~ n --r 1,.,, ;;s t 0) t 9 ;;s O l'Zl 4 c b ) & u l:i?1 4 c c ) it -=r- n .:e n 1 o 
l'Zl 4 ( a ) 41 0) A A ' rj fc fB ":J t::: ;,; ::,, Fm@ 0) ti rt l:i?l '"f JS fJ , l:i?l 4 ( b ) /j: lf' - r ~ ~ 
tJ, 5 . 2 e V 0) {t $ 00 :tt ( p ' @ 0) ;f- 1) v 1) ~ ::,, 0) {t lffl t~ ic t§ '3) ;z, :tf -:J ±JJ} fr 0) ;,; ::,, F 
m @ 0) ti rt l'ZJ c' JS f) , 1:i?J 4 ( c ) (j: lf' - r ~ j<,j 7J' 4 . 6 e V 0) {± 00 fj ( ,J, ~ \.,' {± 00 tt 
) ;z- :tf J ±JJJ fr 0) 1 \ ::,, F m @ 0) ti rt l:i?l '"f ® ;;s O raj , l'Zl 4 c b ) & u ['!?) 4 c c ) re .:J:3 1,., , --r , P 

' @ 0) F v ~ ::,, µj'j ~ 0) {± lffl ft (i 5 . 2 e V '"f JS 0 t L T 1.t' 0 o 1 t::: , ['!?) 4 ( b ) & tf l'Zl 
4 ( c ) (C :;f, 9 ; ,; ::,, F fl @ (j: 1.t' cf :h t , lf - !- ~ EE V g & U F v ~ ::,, ~ EE V ct 7J' t t (C 0 

v L' JS ;;s ±JJJ fr 0) t 0) c' JS ;;s O i t:: , l'Z! 4 c b ) & tf ['!?) 4 c c ) re .:J:3 1,.,, T , WE ij1ill it ~ f{I 0) * 
~ ~ C T IPl ~ ;z- IE ) ;z- :£R L , ,jjj fill /i fv. mt ;z- £R L , 1,; ::,, F ;z- :;r, 9 *JR 0) {t!'l ~ h" ~ W s!ll m'. ;z- :;r, 9 
o 1'ZJ 4 ( b ) fC :;r, 9 J:: "5 fC , If' - r ~ j<,j tJ, 5 . 2 e V 0) {± lffl :tt 7<r :tf -:J iJJ} fr , F v ~ ::,, µj'j 

~ 0) {± $ lffl B t lf' - r ~ j<lj 0) {± $ lffl B t 0) Fsi re rt tJ, iJ: 1,.,, t::: cl), p ' @ 0) F v ~ ::,, ffl ~ t If' 20 

- r $@ ~ ~ t 0) FJJ re .:J:3 1,.,, --r 1,; ::,, r 0) Ettl -JJ, o rt :'t c iJ: 1,.,, 0 - :n , ['!?) 4 c c ) re :;r, 9 J:: -5 re , 
lf - !- ~ j<lj 7J' 1J, ~ 1.t' {± $ lffl :tt ( 4 . 6 e V ) 7<r fl -:J J:JJ} fr , If' - r ~ j<,j 0) {± $ 00 tt tJ, F v ~ 
::,, ffl ~ 0) {± lffl B J:: fJ t ,J, ~ < iJ: 0 t::: cl) , lf' - r ~ EE V g & tf F v ~ ::,, ~ EE V ct tJ, t t le 
0 V c' JS ":J t::: t L T t , -t 0) rt (C t§ '3 9 0 $11. 0) ~ EE ( .:J:3 J:: -t 4 . 6 - 5 . 2 - 0 . 6 V 

) -JJ, f;:t re Ji! -JJ, it _t Er1 n□ ~ n t::: tR t~ re ® ;;s O -=r- o) *a* , ['!?) 4 c c ) re :;r, 9 J:: -5 re , P , @ 0) 

F v ~ ::,, ffl ~ t lf' - r $@ ~ ttl t 0) Fsi le .:J:3 1.t' T 1,; ::,, F fC Ettl tJ, 0 tJ, :'t C T 1.t' 0 o 

( 0 0 4 1 ) 

l'ZJ 5 ( a ) & tf l'ZJ 5 ( b ) (j: -t :h f!' :h G I D L 7J' Jj'j ~ fc iJ: 0 ~ ff ~ {4 '"f 0) 1,; ::,, F m @ ( 

l'Zl 4 ( a ) 41 0) A - A ' *JR fC tB ':) t::: 1,; ::,, F tl ) 0) ti rt l'Zl '"f JS fJ , l'Zl 5 ( a ) (i lf' - r 
j<lj tJ'i 5 . 2 e V 0) {± lffl t~ ( p ' @ 0) ;f- l) V 1) ~ ::,, 0) {t $ lffl B (Cf§ '3) 7<r ff -:J ±JJ} fr 0) ;,; ::,, 30 

F tM@ 0) ti rt l'Zl '"f JS fJ , l'Zl 5 ( b ) Ii If' - r ~ 1<,j -JJ, 4 . 6 e V 0) {± lffl lj ( ,J, ~ 1.t' {± $ F~ 
B ) 7<r :tf -:J ~ fr 0) 1,; ::,, F m @ 0) ti rt l'Zl c' JS 0 o raj , l'Zl 5 ( a ) & tf l'Zl 5 ( b ) fc .:J:3 1.t' T , 

p 1 @ 0) F v ~ ::,, ffl ~ 0) {± 00 B (j: 5 . 2 e V c' JS 0 t L L 1.t' 0 o * t:: , l:i?1 5 ( a ) & U 
l'ZJ 5 ( b ) (C :;r, 9 ; ,; :;,, F m @ (j: 1.t' cf :h t , G I D L 7J' Jj'j ~ (C iJ: 0 ~ EE ~ {tj: 7<r {f ffl L t::: iJJ} fr 
, ~ {;t i'l"J fc /j: lf - r ~ EE V g iJ' 0 V , F v ~ Y ~ EE V ct tJ, - I . 2 V '"f JS 0 tJJ} fr 0) t 0) L." 

JS 0 o 1 t::: , l'Zl 5 ( a ) & U l'Zl 5 ( b ) re .:J:3 1.t' T , WE fill /i {lI 0) j:;_ ~ ~ ( T IPl ~ ;z- IE ) ;z­

:tz L , tPi fill /j: {lI ;z- :tz L , ; ,; Y F 7<r :;r, 9 rj 0) {tj'j ~ 7J' ~ W 5!ll m'. 7<r :;r, 9 o ['!?) 5 ( a ) fc :;r, 9 J:: 

"5 fC , lf - r ~ j<,j tJ, 5 . 2 e V 0) {± lffl B ;z- ff -:J iJJ} fr , 1 . 2 V 0) F v ~ ::,, EE V ct 7J' 
EfJ :/JD ~ :h 0 c t tc J:: !J , p • @ 0) F v ~ ::,, ffl ~ t lf - r $@ ~ ttl t 0) Fsi tc .:J:3 1.t' T 1 . 2 V 
0) F v ~ :;,,,, ~ EE V ct 0) ½' ti ft;,; Y F iJ' Ettl tJ, ":J T 1,.,, 0 o - :n, l'Zl 5 ( b) fc :;r, 9 J:: "5 fC, lf' 40 

- r ~ ~ 7J' ,J, ~ 1.t' {± lffl B ( 4 . 6 e V ) 7<r tiJ' -:J ±JJ} ·€';- , ~ 0) J:: "5 (C , lj' - r j;,j 0) {t $ 

lffl B t F v ~ ::,, ffl ~ 0) {± $ lffl :tt t 0) (c f§ '3 9 0 $11. 0) EE ( ~ - 0 . 6 V ) tJ"> f;:i: fc Ji! tJ, ft 

_t EfJ :/Jo ~ :h t::: ~* ~ (C .:J:3 1.t' T - I . 2 V 0) F v ~ Y ~ EE V ct 7J' m; i'l"J (C EfJ :/JD ~ :h 0 t::: cl) , If' 
- r j<,j t F v ~ :;,,,, ffl ~ t 0) Fsi fC /i , l'Zl 5 ( a ) (C :;r, 9 tJJ} fr J:: 0 t -j( ~ iJ: ~ EE 7J' EfJ :/JD ~ :h 
l \., \ 0 L t (C iJ: 0 0 L 0) t:: cl) ' p I @ 0) F V ~ / ffl ~ t lj' - r $@ ~ Rf t 0) Fsi (C .:}3 it 0 ; \ / 

F 0) Ettl 7J' !J t , l:i?l 5 ( a ) tc :;f, 9 iJJ} fr J:: ') t j:;_ ~ < iJ: f:J , -t 0) *a*, ;,; ::,, F ;z- :;r, 9 ~* 0) {tj'j 

~ (C t§ '3 9 0 ~ W 5!ll m'. t , ['!?) 5 ( a ) le :;r, 9 iJJ} €';- t lt "'- T -j( ~ < iJ: 0 o 

(0042) 

1-.Y, _t (C llJt Sj:j L t::: J:: "5 (C , p @ M I S F E T 0) iJJ} fr , lf' - !- j<lj 0) {± lffl B tJ'i ,j, ~ < iJ: 0 
(C ff.t ':) l fil llli 7J IP] 0) w 0) 5!ll m'. 7J' * ~ < iJ: 0 0 ff.t ':) l ' lj' - r ~ j<lj I O 8 0) f,lij !I//;l rm (C ~ it 50 
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Gtlt:::.ffi20W ■ ~108B0ffi201t OO~J,i-*~<LTp~0I7ATYV3 ✓ ffl~ 

I O 4 -:> * 9 p ~ V 1) ::I ✓ 0) ffi 3 0) {t 00 i:x: tz:: Jlr -j (:r T ~ 0 C. t tz:: J:. 9 , :;t - l\ - 7 'Y / 

ffl~A~TI~0~~h~0•nt0~ J,i-fil.90C.t~c~00 
(0043) 

* t:::. , ffi I O) ~ OOi % ft~ tz:: TI v' T , !f - 1--- ■ 1<,j I O 8 tz:: TI ,t 0 ffi 1 0 W • J'.f~ 1 0 8 A 0 {± 

$001:x: (4. 4eV) tffi20W ■ &i108B0{t$OOi:x: (4. 2eV) t0J¥. CJ-.:-ZT, 

-lli tz:: {± 00 ~ i¥. t fr); 9 0 ) J,i- O . 2 e V tz:: ~ IE L t:::. tJ, , C. :h tz:: ~N G cf , ~ ~ J,i- 1 O m e 

V ;fj /l tJ, G 5 O O m e V ff /l * c 0) le lffl 0 f-f 'Jiff. 0) {iE! tz:: ~ !~ IE 9 0 C. t tJ, c ~ 0 o 1.:-Z T , 

n ~ M I S F E T ~ fflj t L T , {t $ 00 i:x: i¥. tJ, I O m e V ff /l 1.:-Z JS tl Lf , ;,fs: §'E 135] 0) G I D 

L {!f • ;)J 51!: J,i- 1!)!/, 0 C. t tJ, c ~ 0 C. t tz:: -:> v' T llR 135] 9 0 o ;,fs: jjj §'E 135] :%' ,i , ~ I tz:: ff; 9 ;,fs: ~ OOi 1 0 

%M0-¥W~~ 0ffl@~~atLT~~ fftGIDL0ffiet~0~~1)-J;.ffl( 
G I D L 7J' * ~ \., \ (;f t' ~ ~ 1) - 7 • rm tJ"- Jill 1Jo 9 Q ) t 0) 00 {* tz:: -:) \; \ T j'-' l \ -1 A 1/ -3. :i V -
V 3 :,, ~ fr ":J t:::. o j'-' 1 \ -1 A V -3. :i v - V 3 :,, tz:: TI v' T (i , F v -1 :,, '~ ff V d J,i- I . 2 V , 

If'-}- ffVg~OV, ~ftz•ff ('J-A ■ ff) J,i-OV, :;t-1\-7':J7°ffl~AO)~~~ 

2 n m , ffi 2 0) W ■ J'.f~ 1 0 8 B 0) $ll! C ~ 5 n m , {t 00 i:x: J¥. J,i- 2 0 0 m e V , I 5 0 m e 

V , 1 0 0 m e V , 5 0 m e V , 3 0 m e V , 2 0 m e V , 1 0 m e V , 0 m e V tz:: IE 

L t:::. a ~ 6 (i , 7'' ; \ -1' A V -3. :i v - V 3 :,, 0 it 51!: ~ ff; L T v' 0 o ~ 6 tz:: if- 9 J:. '5 tz:: , !PJ ~ 
O)~{@.ffclt~Lt:::.±J%1L ffi 10w•i:t~ 1 0 8 A0{± ooi:x: (ffi 10{± 00~) tlt~ 

LT ffi 2 0) W ■ J'.f~ 1 0 8 B 0) {± $ 00 ~ ( ffi 2 0) {± $ 00 i:x:) tJ, lj, ~ < ~ 0 tz:: flt ":J T, -:> * 9 

, {± $ 00 i:x: i¥. tJ, * ~ < ~ 0 tz:: 1Jt ":J T, ffz 1) - 7 tm 7J' 1J, ~ < ~ ":J T v' 0 a C. C. c, {t $ 20 

00 ~ i¥. tJ, I O m e V 0 J;l% 15' c t , {± 00 i:x: J¥. tJ, ~ v' J:JJ} t5 t lt ~ L T ~ ~ 1) - 7 • im 7J' 1J, ~ 

< ~ ":J T \.,' 0 C. t tJ• G , n ~ M I S F E T tz:: TI v' T ti , {t 00 ~ i¥. tJ, 1 0 m e V l-.:,Z _t JS tl 
Lf , ;,fs: §'E 135] 0) (lg t 9 0 G I D L {ff • ;)J 51!: J,i- 1!)!/, 0 C. t tJ, c ~ 0 C. t tJ, 7t tJ, 0 o 

(0044) 

Ii?! 7 ti , !f - 1-- ~ ffl 0) :i'§- 1'1 tt fl t {± $ 00 i:x: t 0) 00 {* J,i- ff; 9 o ~ 7 tz:: ff; 9 J:. '5 tz:: , n ~ 
M I S F E T 0) !f' - r ffl @ tz:: ;,fs: §'E 135] J,i- ~ ffl 9 0 J:JJ} 15 , !f - r • j<,j 1 0 8 0) ffi 1 0) W • ~ I 

08A0fflPXtfrltLT, T iN, Mo, MoS iN, Ta, W, LaO~fffl\.,'0C.t 
tJ, c ~ , ffi 2 0) W J'.f~ 1 0 8 B 0 ffl PX tt fl t L T (i , n ~ ;f- 1) V 1) ::i :,, J,i- ffl \.,' 0 c. t tJ, c 
~ 0 o * t:::. , Ii?! 7 tz:: ff; 9 J:. '5 tz:: , p ~ M I S F E T 0) If' - r ffl @ tz:: ;,fs: §'E 135] J,i- ~ ffl 9 0 J;l% 15 

, !f' - r j<,j I O 8 0) ffi 2 0) W ■ J'.f~ 1 0 8 B 0) ffl PX tt fl t L T , T i N , M o S i N , R 30 

u O 2 , T a , T a N , T a C , W , P t W , P t ~ t' ffl v' 0 C. t tJ, c ~ , ffi 2 0) W • 

1 0 8 B 0) ffl PX tt #4 t L T ti , p ~ ;f- 1) V 1) ::i :,, ~ ffl v' 0 C. t tJ' c ~ 0 o 

(0045) 

L.:-Z T , Ii?! 1 tz:: ff; ~t 2fs: ~ tr1!i % ~ 0 -¥ {:;$: ~ oo: ~ !IW @ 9 0 t:::. cl6 0 h t1 0) ~ {f!J tz:: -:> \.,' T ~~ 13Jl 9 

0 o ~ 8 ( a ) ~ ( c ) , ~ 9 ( a ) ~ ( c ) & "Cf ~ 1 0 ( a ) ~ ( c ) ii ;,fs: ~ tr1!i % ~ 0) 

-¥W~~ 0l!W@h~0:i'§-IffJ,i-ff;9ffimi~cJS00 
(0046) * cf , ~ 8 ( a ) tz:: if- 9 J:. '5 tz:: , fflj ;z (;f V 1) ::i :,, ~ ~ ~ t' 0) -¥ W {:;$: tfz 1 0 1 tz:: -1' :;t :,, 

ii A rt J,i- ffl v' T '7 i Jv ffl ~ 1 0 2 J,i- Jf:; PX L t:::. :/ft , -¥ {;$: ~ 1 0 1 0) :tR @ j'.f~ tz:: -1' :;t Y i:l: A 

~ ffl \.,' T 'T -v _:z, Jv ffl ~ 1 0 3 ~ Jf:; PX 9 0 o n ~ M I S F E T 0 '7 i Jv ii~ 1 0 2 & rf 'T -v 40 

;;J', JV ffl ~ 1 0 3 ~ JB PX 9 0 J:JJ} B tz:: ti , (Jlj ;z if' ;¥ o :,, ~ E 0) p ~ ~ ~ 'W 0) -1 :;t ✓ ii A J,i- fr '5 
0 * t:::. ' p ~ M I s F E T 0) '7 J. JV m ~ 1 0 2 & rf T -\' -t- JV m ~ I O 3 ~ jf:; PX 9 Q J;l% B tz:: 
ti , fflj ;t Lf 1) :,, ~ t' O) n ~ ~ *111 'W 0) -1 :;t :,, a A ~ fr '5 o 

(0047) 

:x tz:: , ~ 8 C b ) tz:: ff; 9 J:. '5 tz:: , -¥ W {;$: ~ i'fz 1 O 1 _t tz:: , ff!J ;t if' ~ D {r: it tz:: J:. 1J ~ ~ O 

. I ~ 5 . o n m 0 D fr: v 1) ::i :,, ~ tJ, G ~ 0 *11i ~ ·I'± W mi JI 1 o 6 ~ % PX L t:::. 1ft , *11i '1'1 W 

mi JI 1 O 6 _t tz:: , fflj :t Lf H f O 2 ~ tJ, G ~ 0 ~ ii ■ $ ~ I O 7 ~ Jf:; PX 9 0 o H f O 2 g~ 0 

if:;PXtL fflj;zt;fH f CI 2 t N 11 3 tJ,i-/:IH't:::. CV D (chemical vapor deposition) it 
, x. ii ~ ~ * 0) H f fj' A ~ ffl v' t:::. C V D it tz:: J:. 9 fr '5 o ~ v' ti , ; \ 7 :::._ '7 L ~ {I'.: 'W 0) IJ -
If' ,y 1-- J,i- m 1,;, t:::. A 1 ~ "l 1J 1J :,, 1f rt rz:: J:. 0 , 1r: 1 \ 7 :::._ '7 L ~ J,i- % PX L t:::. 1ft , ~ ~ ~ 1r: 1 \ 7 so 
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.::::. '7 L. ijf ~ M {I:: 9 0 c t re J:. fJ , H f O 2 a ~ JB PX L c 1b J:. 1.t' o -t OJ ff , ll* ¥ a 1 O 
7L~, ~~~CVD~~J:.f:JT-l)Vl)::IYX~7~~77AVlJ::IY~Gq0-~20 
0 nmfilm'.11"0)8 ijf I 4 O~lBJJX900 
(0048] 

~ re , 1,;g s c c ) re ff; 9 J:. "3 re , • 11ui 1 4 o ~ 1f - r • j;Jjg JB :tR ru ~ l:l - = Y ,~l 9 0 c 
t re J:. ":) --r , 1f ~ - lf - r tiil 1 5 o ~ JB JJX 9 0 0 c OJ t ~ , ,y ~ - lf - r j;Jjg 1 5 o 0) 

_$r1-{lllJOJr'§Jll*1i$~ 1 o 7&U~BttWmi~ 1 o 6~p;r,:c;Lc'tI~Y'o 
[0049) 

~ (e , [,;g 9 ( a ) (C ff; 9 J:. "? (e , !f ~ - lf - r 1i jl,j 1 5 0 ~ -Z A 17 t l,, --C ,{ :r Y i± A ~ 
fr "3 C t fc J:. f) , 1f ~ - lf - r 1i j;Jjg 1 5 0 0) jmj fll!J 0) -'¥ 8 {;$: f1z 1 0 1 0) ~ mi l'ftHe ::c. 17 7' T 10 

YV3Yfil'i~104~lBPX900 n~MI SFETOJ::C.7A7'-YV3Yflffil~l 04~JBJJX 

9 0 ±J]; ii (Z:. ti ' {JIJ ~ (;f lilt ~ X ti 1) / 7J: E 0) n ~ ::f *41 !f'o/1 0) ,{ :r / A ~ fr ") 0 * tc ' p M 
I S F E T 0) ::c. 17 A T Y V 3 Y fil'i ~ 1 O 4 ~ JB PX 9 0 ±JJ; ii fc Ii , ffU ~ Cf' ;f, o Y q E OJ p ~ 

::f illi 4t OJ -1 :r :;,,, t± A ~ fi -j o ra5 , ::c. 17 7' -r :;,,, V 3 Y fil'i ~ 1 O 4 OJ ~ l'fl3 5J' Ii fil'i ~ A ( tCF , 
:r - /\ - 7 "l 7° fj'ffij ~ A t 1.t' -j ) re :J3 1.t' --C fl ~ - lf - r 1i j;jjg I 5 0 0) 'T -v ,i', Jv ~ 7J fPl 0) liliJ ft/m 

rm t :r - 1 \ - c:; "J 7° 9 0 J:. "3 re JB PX ~ n --r 1,.,, 0 o 

(0050] 

~ re , ~ g c b ) re ff; 9 J:. ') re , ;f :2. - 1f - r • j;Jjg 1 5 o 0) liliJ f PJJ mi ie ~ a -it -1 r '7 :t 

- Jv A ~ - -it 1 0 9 ~ JB JJX 9 0 0 J'!. {;$: Sf.} re ii ' * 9 ' w!J ~ Lf' C V D rt (e J:. f) fl :2. - lf - r 
j;Jjg I 5 0 ~ tlit fl g 0 J:. -j (e ~ 1R:@: 00 (e M {I:: V 1) ::i Ya~ ±I ffi L, tc tf, '3 ~ M {I:: V 1) ::i Y 20 

Rt ~ ::c. ,:; 'f- l \ ,:; 17 9 0 c t re J:. 0 , ::l ~ - 1f - r • j;Jjg 1 5 o 0) jmj ill!J oo re ~ a ,11 -it ,1 r '7 :t 

- Jv A ~ - -it I O 9 ~ JB i5lt 9 0 o Yx. (e , ~ B '11 -it ,{ F '7 :t - Jv A ~ - -it 1 0 9 & U J:l" :2. -
1f - r • j;jjg 1 5 o ~ -z A 17 t L --r ,1 :r Y a >-. ~ fr "3 c t re J:. 0 , !f ~ - lf - r • 1<li 1 5 o 
~G~c~Btt-tt-1F'7~-~A~--t:r1090)~~~m-90 -~~flzlOIOJ~OO 
rm (Z:. , ::c. 17 A T :;,,, V 3 :;,,, ffl ±i 1 0 4 J:. f) 1b ri 1.t' ~ ii ~ ~ 9 0 'J - A • F v ,{ Y fil'i ~ 1 0 5 

~ JB JJX L tdf, i± A ~ h tc ::f *41 !f'o/1 -1 :r :;,,, ~ ti5 '11 {I:: 9 0 tc ~ OJ 7 .::::. - Jv 911 f! ~ f.l1ij 9 o n M 
I S F E T 0) 'J - A • F v ,{ Y fil'i ~ 1 0 5 ~ JB JJX 9 0 iJ]; ii rz::. Ii , fflj ~ (;f lilt ~ X fi 1) :;,,, q E 
O)n~::fi41!l'o/JOJ,{;:t:;,,,a},_~ "?o itc, p~M IS FE TOJ'J-A • r'v,{>fm~ 1 0 
5 ~ JB PX 9 0 ±JJ; 15' re /i , fflj ~ Cf ~ o Y q E OJ p ~ ::f *41 !f'o/1 OJ ,{ :r Y i± A ~ fr "3 o 

( 0 0 5 1 ] 30 

~'x., (C , [,;g 9 ( c ) (e ff; 9 J:. 'J (e , !f :2, - lf - r j;Jjg 1 5 0 ~ fl "? J:. "? (e -'f 8 {;,$: ~ t,& 1 0 

1 L fe , {Jlj ~ tf C V D rt (c J:. f) M {I:: V 1) ::i Y tJ' G q 0 ~ FJ! ~ B a 1 1 0 ~ JB JJX 9 0 o t'c 1.t' 

--C , {JIJ ~ (;f C M P ( chem i ca 1 me ch an i ca 1 po 1 i sh i n g ) rt (e J:. f) Jj' :2. - lf - r j;Jjg 1 5 0 

0) L mi ff, t±\ 9 0 1 c' ~ FJ! ~ • ijf 1 1 0 ~ p;j; $; 9 0 c ~'x., (C , [,;g 1 0 ( a ) (C ff; 9 J:. 'J (e , 

~ Fsi ~ • a 1 I O 7J' G ■ t±\ L, tc !f' :2. - lf - r 1i tiil 1 5 0 ~ ::c. 'Y 'T Y lj' re J:. f) l';f. $; L --C , r'§J 

~-••107~1f)lf-r~--~-t±\~~0c 
[0052) 

~ re , [,;g I O ( b ) (C ff; g J:. -j re , -!/' :2. - lf - r 1i j;jjg 1 5 0 0) p;f. $; (C J:. f) JB PX ~ h tc [11] 

( J_,,:), r , lf - r 1i j;jjg JB 1R ffl [11] l:¥13 t 1.t' -j ) ~ a ts ~ 1R if: mi (e , w!J ~ (;f c V D rt (C J:. I'.) • ~ 

2 ~ 2 0 n m 0) T- 1) V 1) ::i Y a 1 5 1 ~ Jt ffi g 0 o C C c' , n M I S F E T ~ JB JJX g 0 40 

~ 15' (C (i , T- l) V 1) ::i :;,,, a I 5 1 (e n ~ ::f *41 !f'o/1 ~ r' - 7 L, , p ~ M I S F E T ~ ff; JJX 9 0 

±JJ; fr ie ti , T- 1J v 1J ::i Y a 1 5 1 re p ~ ::f *41 !f'o/1 ~ F - 7 9 0 o 

(0053] 
~'x., (e , [,;g I O ( c ) (e ff; 9 J:. "? (e , T- 1) 1/ 1) ::I Y ijf 1 5 1 (e .i;J- L, l ::C. 'Y T l \ "J 17 ~ fr "? 

C t (c J:. f) , lf' - r 1i tiil ff; PX ffl [11] l:¥13 0) mi (e JB PX ~ h --C 1.t' 0 5J' ~ l';f. 1.t' --C T- 1) V 1) ::i Y a 

1 5 1 ~ p;f. $; 9 0 0 C h re J:. f) ' lj' - r tiil JB PX ffl [11] l:¥13 0) mi re ' [,;g I (e ff; 9 !f - r j;Jjg 

1 O 8 0) 2 OJ 8 1i 1 O 8 B -JJ, JB JJX ~ h 0 o 

(0054] 

~ (e , [,;g 1 (e ff; 9 lf' - r 1i tiil 1 0 8 0) ffi 1 0) 8 l:¥13 1 0 8 A t q 0 8 1i ijf (e J:. ":J c lf' -
r 1i jl,j JB JJX ffi 11:lJ ~ ±!11 ~ iZ::, A_, tc 1~ , '3 ~ [11] l:¥13 -JJ, G (i JJ t±\ tc '3 ~ 1i a ~ ff1J ~ (j:' C M P ft (C 50 
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J:: ":) --r r,i 1.::. 9 0 c:. t re J:: VJ , r,:g 1 re ~ 9 1f - i- • jl,j • m t/i :Ye PX 9 0 0 c:. c:. -cs , m 1 IJ) • • 

tm I O 8 A t tJ: 0 311, ijf IJ) H 'f.{ t L T Ii , *41 ~ ~ , i'i- ~ X Ii ~ ~ H: i';- :t7.l ~ ~ ffl v' 0 c:. t tf• 

-cs ~ 0 0 ~ f-t B"J it , 111J :z i:r ;;z.. 1 \ ,:; 9 1J :,,, 1f rt re J:: 0 , m 1 IJ) • • rm 1 o 8 A t tJ: 0 • Bf 
t L T , n ~ M I S F E T ~ Jf:; PX 9 0 i~ i';- re (i , T i N ~ , M o ~ , M o S i N Bl , T a 

~ , W ~ X Ii L a O ijf ts. .:::· ~ % PX L , p ~ M I S F E T ~ Jf:; PX 9 0 ~ -a- fC Ii , T i N Rf , 
M o S i N Rf , R u O 2 ~ , T a Rf , T a N ~ , T a C ~ , W flf , P t W Rf X Ii P t ~ 7J: 
~~IDPX90c 
(0055) 

L;l, _t (C: lfil 13fl L tc. , :,$; ~ 1i't!i Jf:; U (C f;q; 0 -¥ f,:$: & IJ) ~ @ 1i rt fi , !f - !- • jl,j I O 8 IJ) % 2 

OJ 311, tm 1 o 8 B OJ % PX 11 re m 1 IJ) 311, • i:tll 1 0 8 A ~ % PX 9 0 c:. t ~ ~~ r,& t 9 0 ~ OJ c ® 10 

I] ' .L;l, T /J) J:: 7 7J: J;/J * ~ * 9 0 0 9 ts. =b ts ' !j' .:;_ - lf - )- • • 1 5 0 ~ ::c. '1/ 1- / lf (C J:: VJ 

r,i 1.::. L T !f - r • jl,j Jf:; PX ffi 11:1] i:tll ~ Jf:; PX L , ':1:§ ~ 11:1] tfll i7'J (C: !f - !- ~ ~ flf ( i§i • '¥ ~ 1 0 7 

) ~!tt±l~--tttd~, %20) •i:tlll 08BttI.0;i; 1):/ 1)::i:,,,ijfJ 51~lf'-J--.jl,jif:;PX 

m 11:1J i:tll pq re it ~ L --r lli ~ ;j; 1J ::,, 1J ::i :,,, Rf 1 5 1 ~ ::c. '1/ 1- 1 \ ,:; 17 9 0 c:. t re J:: VJ m 2 IJ) • • 

trll 1 0 8 B ~ Jf:; PX L T v' 0 o -'r- L T , % 1 0) 311, • i:fll I O 8 A t 7J: 0 311, • ~ (C J:: ":J T 1i - r 
• @ % PX ffl l1:1l trll ~ ±!I! 66 ~ Jf , -'r- 0) ::f ~ tfll 5J- ~ C M P rt; fc: J:: ":J T ili 1.::. 9 0 C:. t fc J:: VJ , % 1 
OJ 311, • tfll 1 O 8 A ~ % PX L T v' 0 o c:. OJ J:: -j re % PX ~ tl tc. lf - !- • j.,j 1 O 8 Ii , 11' - !­
@IO80J 1- f * ~ N 1f ~ IJ) ~ * $ ~ m LR~m11J)ft OOR~~90%lOJ¥'1,.$1 

o 8 A t , 1i - 1- • • 1 o 8 OJ 1- f -t, Jv N 1i ~ 0) imi tr,-'!.l re tu. ■ L R ~ m 1 OJ f± oo J!;( t it 
~ tJ: 0 m 2 OJ f± 00 J!;( ~ ~ 9 0 m 2 OJ • i:fll I O 8 B t tJ, G fl PX ~ tl 0 o 1tf ":J T , r,:g 1 re 20 

~ 9 21s: ~ 1i't!i Jf:; 0) '¥ 311, f,:$: & (c J:: 0 'J;/J :lf: , ~ 1 IJ , lf - !- • EE re ~ 1z9 L T ~ TI![ 1i ~ le ± l: 
0 • W 0) 5§1 /11t ~ , ;t - l \ - 5 '1/ 7° iJI ~ A (C .:J:3 v' T ~ tR 11g (C {Jf l~ 9 0 C:. t (C J:: ":J T G I D L 
~ flf ¥~ c ~ 0 t t' -5 Jt :lf: tJ, 1!/ii, G tl 0 o 

(0056) 

1 t:::. , 21s: ~ 1i't!i ID tUc: f;q; 0 -¥ 311, f-t & ■ IJ) ~ @ 1i tt; re J:: 0 t , ~, -::. - lf - !- • @ 1 5 o OJ r,i 
*~J::IJ%PXLklf'-1-•M%PXffll1:1l$~m21J)¥'1,. 108B&Um10) .$108 

A ~ 11U'l Yx ±!I! 66 ~ u tc. 66 , * J£ 13Jl OJ !f - r • j.,:'.!& • @ ~ 1 \ l:l - .=.. :,,, -~nc: J:: ":) --r % PX 9 0 t~ B- o) 

J::-j~i';-:b--t!:~~~±l:0C:.t~~~90C:.t~c~00 
(0057) 

1 tc. , 21s: ~ 1i't!i % /l~ fc: f;q; 0 -¥ 311, {;$: & ■ IJ) ~ @ 1i it fC .:J:3 v' T , r,:g 8 ( b ) fC: ~ 9 I ,ffi1 c ·3/' - 30 

r ~ ~ ~ t ts. 0 ~ ~ 'Ii W lm Ji 1 o 6 & U lli '¥ ~ 1 o 7 ~ % PX L tc. tJ, , c:. tl re {-1.'.: :z T , 

f§lj ?t.. (;f ~ fflt {I::, it (C: J:: VJ /'J[ ~ 0 . 1 ~ 5 . 0 n m 0) fflt {I::, :/ 1) ::I :,,, ~ tJ, G ts. 0 !f -::. - lf - )- ~ 

~ ~ ~ % PX L , @ 1 0 ( a ) (C ~ 9 I ,ffi1 c ':1:§ ~ ~- -::. - 1f - !- ~ ti Rl ~ ~- -::. - lf - !- jl,j I 

5 o t ~ re ri 1.::. L tc. 1~ , lf - 1- • jl,j % PX m l1:1l ttll lJ) ltf. re , f§rJ :z i:f ~ ~ tt w oo Ii & u ili 
$ §l tJ, G ts. 0 lf - r ~ ~ ~ ~ % JJX L T ~ & v, a 

(0058) 

cm 1 OJ~:ti'l!i%t~OJ'£:%111J) 
.L;,I, T , 21s: JB 13jj 0) % 1 0) ~ 1mi % /l~ IJ) '£: Jf:; f§"lj (C f;q; 0 -¥ 311, {;$: & ■ (C --:J v' T , n ~ 0) M I S F E 

T ~ JYIJ t L T , @ lm ~ ~ ~~ L ts. tJ, G ilR 13jj 9 0 a 

(0059) 

@11~, m10J~:ti'l!i%UIJ)'£:%00~~0 ¥'1,~& ■ 0Jfl@~~9ffili'firz.ge00a ~-

@ 1 1 re .:J:3 t ' T , r,:g 1 le ~ 9 m 1 OJ ~ 1mi % ll~ t loJ - OJ fl PX ~ ~ re ii loJ - OJ r-f ~ ~ ft 9 c:. t 
ic J:: VJ , ti 9 0 llR 13Jl ~ ~ ~ 9 0 c 

(0060) 

@11~~9J::-:i~, 2!s:'£:ID00~~0-¥ ~& ■ ~r,:g1~~9mJIJ)~:ti'l!i%Ut~ts.":J 

T v' 0 1#.. Ii , Yx. OJ mi IJ c ® 0 o 9 ts. =b ts , m 1 0) ~ 1mi % l~ c fi , lf - r • @ I O 8 OJ 1- f 

:l JV N 1i ~ IJ) imi /iMl tfll (C: fll. 9 0 m 2 0) 311,. 1 0 8 B 7J' , !f - r • jl,j 1 0 8 0) 1- f _:z, JV N 

1i ~ 0) ~ * $ (C fll. ■ 9 0 % I IJ) 311, • i:fll 1 0 8 A ~ ~ U J:: -j (C: % PX ~ tl T v, tc. o i§ v ' ~ ?t.. 0 

t , % 2 IJ) 311, • i:fll 1 0 8 B fi !f - )- • @ I O 8 IJ) {ff1J tfll ~ f,:$: (C: ( !f - r • @ 1 0 8 IJ) _t lm 

40 

t;, G T lm j; c ) Jf:; IJX. ~ tl T v' tc. o -'r- tl (C xi L T , 21s: '£: % f§"1J c (j: , !f - r • @ 1 0 8 IJ) 1- f 50 
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*~~n~(!)~~oorem 90ffiZ(!)W•$1osB~ ~ •a101J*03/-r@ 
;r,fdl t f~ 9 0 J:: "5 re JB PX ~ fl -r v, 0 -~ rL m 1 (!) ~ hiii JB it~ t IP] t.:: -r ® 0 -JJ, , m 2 o) • &I) 
I O 8 B 7J' 3/ - r • W& 1 0 8 (!) _t 00 re (j: JB PX ~ fl T :13 G cf , ffi I (!) g~ 1 0 8 A 7J' ffi 2 

(!) W • I O 8 B _t re * 0 7J' 7J' 0 J:: "5 re JB PX ~ fl T v' 0 #,i,, 7J' , ffi 1 (!) ~ hiii )B it~ t ~ iJ: ? T 
v' 0 o 

(0061) 

9 iJ: b ts , ffi 1 (!) ~ hiii JB it~ 1: im « tc ;$: 3'£ rlfl re J:: 0 ;}J :'>!UL 3/ - r i,,j r:p ~ (!) ffi I (!) W • 
00I08At3/-r -~$(!)ffl2(!) •• $108Bt~~fl~fl3/-r@&atmLT 
\.,, fl ii , I~ G fl 0 (!) -r ® ? T , 3/ - r • i,,j _t $ re .:J:3 v, T ,;; • • &~ -JJ, t' (!) J:: "5 re JB PX ~ fl T 
v' 0 7J' (j: lffl f* iJ: v' (!) 1: ® 0 o 

[0062) 

[;Z] 1 1 re ff; 9 * ~ JB {f!J re f* 0 W {:$: ~ -7ii:' ~ ifi 9 0 ~ iL m 1 (!) hiii JB it~ (!) [;Z] 1 o C c 
) re ff; 9 I ~ -r , 1f - r W& JB PX m [1:] (!) ml _t re JB PX ~ fl T v, 0 ;r, 1J v 1J ::i Y Rl 1 s 
1 t ~ r:. L T L * 3;_ lei' J:: \.,, c z: fl re J:: o , [;Z] 1 2 re ff; 9 J:: "5 re , 3/ - r • W& JB PX ffl [1:] &~ (!) 
~ ml (!) "5 ts J: 00 -7ii:' ~ v' T , 3/ - r • W& 1 0 8 (!) ffi 2 (!) W • &[) 1 0 8 B -JJ, JB /JJ: ~ fl 0 o 

(0063) * ~ JB fJ1J re f* 0 -='¥ • ft ~ oo'. (!) ~ ifi n Hde J:: 0 t , ,JJ' 2 - 3/ - r W& 1 s o ;l;i:- ::c. "1 'f- Y 1/ 
re J:: o ltr. r:. L T lf' - r • iiii JB PX m [1:] &~ ;l;i:- JB PX L , '¾ ~ [1:] &~ pq re 3/ - r @ a Hl c ili'i ll* • * a 
101) ,7;i:' w~-tttdfL m2o)w•&~1 osBtJJ:0;t, 1Jv 1J::iYa1 s 1;/;i:--1/'-r• 

10 

iiii JB PX ffl [1:] pq re ti ffl L T '¾ ~ ;t, 1J v 1J ::i Y Rl 1 5 1 ;/;i:- ::c. -:; 'f- 1 \ ,:; J:J 9 0 z: t re J:: o ffi 2 2 o 
(!) W $ 1 0 8 B -7ii:' JB PX L tdi re TI v' T , 3/ - r • W& JB PX ffl [1:] g[) (!) $i -7ii:' ~ (!) iffl D ml ili fJ~ 1: 
11.: < 9 0 Z: t iJ' 1: ~ 0 o 1ft ? T , '¾ ~ [1:] ;l;i:- ffi I (!) W • 1 0 8 A t iJ: 0 W • iji re J:: ? T 
J:!11 67) JZ:, ts ~ re , '¾ ~ W • Rl (!) ±ID 67) JZ:, ;7;!. '1"1 ;/;i:- c!x: 9 0 z: t -JJ, -r ~ 0 o z: (!) * , 7- 1 ~ -:; !J 1J 
Y,:'.iti!J:~(!);;IJ;\V':J:/(f) v'PXanti-7ii:'fflv'Tffi 1 (!)W &[)IO 8 A t!J:0 •a;l;i:-JB 
fit 9 0 ±i i'i- re t , ~ -1' F -7ii:' 3'£ 1: ~ -tt 0 c:. t iJ: < , 3/ - r W& JB PX ffl [1!J &[) re m 1 (!) • &~ 1 

08At!J:0W••;1;i:-J:!!16l)~i/:sz:t~1:~00 
(0064) 

C ffi 2 (!) ~ hiii JB itO 
.L;.I_ r , ;$: 3'£ rlfj (!) ffi 2 (!) ~ hiii )B itUe {* 0 -='¥ W {:$: ~ re J v' T , n ~ (!) M I S F E T -7ii:' {Jlj t 

L T , [;Z] ml ;/;i:- ~ ~~ L iJ: -JJ, G fill Sfl 9 0 o 30 
(0065) 

[;Z] 1 3 Ii , m 2 OJ ~ hiii JB it~ re f* 0 W 1* ~ oo'. (!) t~ ifi ;/;i:- ff; 9 \jjr ml [;Z] -r JS 0 o rM , [;Z] 1 3 re 
TI v' T , [;Z] I re 5f; 9 ffi 1 (!) ~ mli JB it~ t IP] ~ (!) 1'i'ii PX ~ re (j: IP] -- (!) r-f -7ii:' {1 9 z::. t re J:: 0 , 

jUI 9 0 fl#. Sfl -7ii:' ~ ~ 9 0 a 

(0066) 

[;Z] 1 3 re 5f; 9 J:: "5 re , * ~ hiff JB it~ re f,f, 0 .>¥ W {:$: ~ h' [;Z] 1 re 5f; 9 ffi 1 (!) ~ mli JB it~ t ~ iJ: 
? -r v, 0 -~ ii , '!R.. (!) mi 1J -r ® 0 0 9 JJ: v ts , m 1 (!) ~ hiii JB it~ -r ii , 1f - r iiii 1 o s (!) 1-
-v * Jv ~ h ~ (!) r,ljf ~ &~ /e {ll 9 0 ffi 2 (!) W • &[) 1 O 8 B /i ~ JB tk !jjr ml -7ii:' ff L T v' tc o ~ fl 
(e xi L T , ;$: ~ hiff ff; it~ 1: Ii , ffi 2 (!) W &[) I O 8 B iJ' 1f - r • W& 1 0 8 (!) 'f- -v _;z, Jv ~ h ~ 
(!) ~ ftMl k {ll oo'. L T \.,, 0 -~ /i , ffi I (!) ~ hiii if; it~ t IP] l: 1: JS 0 iJ', ffi 2 (!) • &I) 1 O 8 B -JJ, 40 
7' - r W& 1 0 8 (!) _t &[) ::I - 7 - (e TI v' T :t"L 67) G fl T v' 0 -~ iJ' , ffi 1 (!) ~ hiff ff:; it~ t ~ iJ: ? 
T t' 0 0 rM' 2 (!) •• gl) 1 0 8 B (!) if; tk (!) ~ \.,' re )m 1B L T' @a 'I'± +J- -1' F '7 :t - Jv A"" 
-+J-1 0 9 (!)JBtktffi I (!)~hiffJBit~t'E'=f~/J:?Tv'00 
[0067) 

[;Z]13kff,9;$:~hifflf;.(!)-='¥W1*~ kJ::?TtffiI(!)~hiffJB8t[P]m(!)~*;/;i:-~0Z: 
t lJ' 1: ~ 0 0 

[0068) 
.L;.I_ r , ~ 1 3 re ff; 9 ;$: ~ hiff ff; it~ (!) .'¥ W {:$: ~ oo'. -7ii:' ~ @ 9 0 tc 67) (!) JJ rt (!) -- fflj re J v' T fill Sfj 

9 0 o [;Z] 1 4 ( a ) ~ ( c ) lJt.. '(J [;Z] 1 5 ( a ) ~ ( c ) (j: ;$: ~ mli JB it~ (!) .>¥ W {:$: ~ oo'. (!) ~ @ 

h tt (!) :g. I ~ -7ii:' ff, 9 ltfi' ml [;Z] 1: JS 0 o 50 
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(0069) 

* 1' , l:ZI 1 4 C a ) re ff, 9 J:: "5 re , 171J ?t.. /;f 1/ 1) ::i ::.,, £ i'iz iJ: E ~ -¥ • {t i'iz 1 o 1 re ,,, :;;J­

::.,, i:L\ 1:t: 7<i:' mi,, --r '7 x Jv Ul ~ 1 o 2 7<i:' JB PX L td1L • f* £ t& 1 o 1 ~ ~ oo g~ re,,, :;;J- ::.,, ff 
A 7<i:' ffl l' T 'r -t ;z, Jv µJ:j ~ 1 0 3 7<i:' Jr:; nlt 9 -si c n ~ M I S F E T ~ '7 x Jv Ul ~ I 0 2 & rJ 'r 
-t ~ Jv Ul ~ 1 o 3 7<i:' JB PX 9 -si iJJJ & re L:l:, WU;{_ Ii ;f o ::.,, iJ: E ~ p ~ ::r:: Mi 'WJ ~ ,1 ;;J- ::.,, ff A 7<i:' fr 
"5 o * t:::. , p ~ M r s F E T ~ '7 x Jv iJ:J ~ 1 o 2 & -u c=J- -v ~ Jv iJ:J ~ 1 o 3 7<i:' JB PX 9 -si ii & 
re ti , f:71J ;{_ f;f 1J ::.,, iJ: E ~ n ~ ::r:: *J1! 'WJ ~ ,1 ;;J- Y ff A ;1;i:- fr "5 o 

(0070) 

:rx. ic. , l:ZI 1 4 c b ) re ff, 9 J:: "5 re , -¥ • ft £ t& 1 o 1 J: re , wu ;{_ i:f ~ D ft r:t: re J:: o ff. ~ 
o . 1 ~ 5 . o n m ~ D {t 1/ 1) ::i ::.,, /ffi fJ, G iJ: -si ~ tl: W 00 fij 1 o 6 7<i:' JB PX L t:::. 1& , ~ ~ tl: 1 O 

W 00 fij 1 O 6 J: re , f71J ?t.. /;f H f O 2 lffi fJ, G iJ: -si ~ S * Rf 1 O 7 7<i:' Jr:; PX 9 -si o H f O 2 lffi 
~ Jr:; PX Ii , lfU ;{. (;f H f C I 2 t N H 1 t 7<i:' ffl v' t:::. C V D r:t: , X (j: 1'f #1,l: ~ ~ H f fJ' 7-.. 7<i:' ffl l' 
t:::. C V D i:t: (C J:: IJ fr "? o l1X t' (j: , 1 \ 7 :::._ '7 b {t 'WJ ~ 7 - !f "J r 7<i:' ffl l' t:::. 7-.. 1 ~ 'Y 7 l) ::.,, 1f 

it re J:: IJ , ~ {t 1 \ 7 :::._ '7 b lffi 7<i:' J,:; PX L td& , ':1§ ~ ~ {I:: 1 \ 7 :::._ '7 b lffi 7<i:' D {I:: 9 -si c t re J:: IJ 
, H f O ijf ;l;i:- ff; bX L T t J:: l' c -t ~ 1& , ~ i~ S * lffi I 0 7 J: (C , l:ZI 1 3 (C ff, 9 lj' - !- S 
•1os~m1~•-$l08AtiJ:0ff.~200nm~~*~~- ~160;/;i:-J,:;g)t9 

-si o C C ~ , • /ffi 1 6 0 ~ H 'M t L T /i , *J1! ~ ~ , ft~ X (j: ~ {t 15' 'WJ ~ 7<i:' ffl l' -si C t 
fJ'i ~ ~ 0 0 ~ {:ijs: 13"1 (j: , f7U ;{. (;f 7-.. I~ 'Y 7 1) ::.,, 1/ it (C J:: I) , • S /ffi 1 6 0 t L T , n ~ M I S 

F E T ;/;i:- Jr:; PX 9 -si ii fr fc /i , T i N Rf , M o lffi , M o S i N lffi , T a lffi , W Rf X fi L a 0 

Rf iJ: t' ;/;i:- ff; PX L , p ~ M I S F E T ;1;i:- Jr:; PX 9 0 iJ}J & fC fi , T i N lffi , M o S i N ijf , R u 2 0 

0 2 lffi , T a Rf , T a N ijf , T a C lffi , W Rf , P t W lffi X (j: P t 7J: E 7<i:' ff; nlt 9 0 c 

(0071) 

:rx. ic. , 1:Z1 1 4 c c ) re ff, 9 J:: "5 re , • • lffi 1 6 o ;/;i:- 1 ~ -!l - = ::.,, 1f L --r m 1 ~ • • ir~ 1 o 
8 A 7<i:' Jr:; PX L t:::. 1& , i:ZI I 5 ( a ) (C ff, 9 J:: "5 (C , m 1 ~ • S Jr~ 1 0 8 A 7<i:' fl "5 J:: "5 (C f& 
:'£ 00 (C , ffU ?t.. (;f C V D it (C J:: IJ ff. ~ 2 ~ 2 0 n m ~ ;f- 1) 1/ 1) ::i ::.,, Rf 1 6 1 ;l;i:- :tl ffi 9 -si o C 

C ~ , n ~ M I S F E T ;l;i:- Jr:; nlt 9 -si ii B (C ti , ;f- 1) Y 1) ::i ::.,, ijf 1 6 1 (C n ~ ::r:: *JH 'WJ ;/;i:- F -
7' L ' p ~ M I s F E T ;/;i:- Jr:; g)t 9 Q ii B (C fj: ' * 1) 1/ 1) ::i / lffi 1 6 I (C p ~ ::r:: *J1! 'WJ ;/;i:- F -
79 Q 0 

(0072) 

YJ:.. (C , l:Z) 1 5 ( b ) (C ff, 9 J:: "? (C , ;f- 1) 1/ 1) ::i Y Rf 1 6 1 (C )";t L T ::c. 'Y 'r 1,; 'Y 7 1;i:- fr -::> 30 

L m 1 ~ • S g~ I O 8 A ~ jj!jf lll!J 00 (C , ;f- 1) 1/ 1) ::i ::.,, /ffi 1 6 1 7J' G 7J: 0 m 2 ~ • S g~ 1 0 8 

B ;/;i:- Jr:; PX 9 0 0 C :h (C J:: I) ' % 1 ~ •• g~ 1 0 8 A t % 2 ~ •• g~ 1 0 8 B t 7J' G 7J: Q lj' 

- )- • 1 0 8 fJ'i ff; PX ~ :h 0 0 C ~ t ~ ' lj' - )- • j;,j 1 0 8 ~ :n !RU 0) ~ ,§~ • * lffi 1 0 7 & 
tf~~'l'iW-00/'fj l O 6;/;i:-pff;~LTt.&v'o 

[0073) 

Yx. fC , ~ 1 5 ( c ) (C ff, 9 J:: "5 (C , !f - !- • 1 0 8 7<i:' -z 7-.. 7 t L T ,1 ;;J- ::.,, ff A ;/;i:- fr "5 
C t (C J:: I) , If - r '~ j;,j I O 8 ~ jj!jf {~Jj ~ -¥ • {71,: £ f& 1 0 1 ~ ~ 00 Jr~ (C ::C. 7 7-.. T ::.,, :,; 3 ::.,, fil'l 
~ 1 0 4 7<i:' Jr:; g)t 9 0 o n ~ M I S F E T ~ ::c. 7 7-.. T ::.,, Y 3 ::.,, fil'l ~ 1 0 4 7<i:' Jr:; PX 9 0 ii fr (C 

Ii , WU ?t.. f;f lilt ~ x fi l) ::.,, iJ: t' ~ n ~ ::r:: *J1! 'WJ ~ ,1 ;;J- ::.,, f± A 7<i:' fr "5 o * t:::. , p ~ M I S F E T 

~ ::c. 7 7-.. T ::.,, ::,,, 3 ::.,, fil'l ~ 1 0 4 ;l;i:- Jr:; nlt 9 0 ii ft re /i , W1J ?t.. L:f ;f o ::.,, iJ: E ~ p ~ ::r:: *J1! 'WJ ~ ,1 40 

:;;j- / ff A. 7<i:' fr ") 0 r,1ij' ::c. 7 7-.. T ✓ 1/ 3 / fil'j ~ 1 0 4 ~ - g~ 5:1" (j: fil'j ~ A ( u T' :;;j- - l\ - 7 

'Y 7° ffl ~ A t v' "? ) (C ;J3 l' L If - r S • 1 0 8 ~ 'r -t ;z, J v ~ 7J $J ~ jj!jf $ t ;;l- - l,; - 7 'Y 

7° 9 0 J:: "5 (C Jr:; PX ~ :h T l' 0 o 

[0074) 

JH& re , 1:Z1 1 3 re ff, 9 m @ ;/;i:- t~ 0 t:::. r}J re , !f - i- • • 1 o s ~ jj!jf 1R1J oo re ~ ~ tr -tt ,,, r '7 
:t - Jv 7-.. .,--z - -it 1 o g ;l;i:- JB PX 9 0 0 ~ ft a~ re it , * 1' , w1J ;{_ 1:f c v D it re J:: o 1f - r • 1<ii 
1 0 8 ;/;i:- 1El 9 0 J:: ") (C t& ii': 00 (C D {I:: 1/ 1) ::i / ijf ;/;i:- * ffi L t:::. 1& ' 3 ~ D {I:: 1/ 1) ::i / lffi ;/;i:-

::c. 'Y '1- 1,; 'Y lJ 9 0 ;: t ic. J:: 1J , l-/ - !- • 1 O 8 ~ jj!jf mu 00 (C ~ ~ '11 -tr ,1 F '7 :t - Jv 7-.. .,--z -

-tr 1 0 9 ;l;i:- Jr:; g)t 9 0 o :'x_ (C , ~ ~i '11 -tr ,{ F '7 :t - lv 7-.. "" - -tr 1 0 9 & tf lf - )- • I O 8 

7<i:' -Z 7-.. 7 t L T ,{ ;;J- ::.,, ff A ;l;i:- fr "5 C t (C J:: IJ , !f - !- S j;,j 1 0 8 7J' G Ji! T ~ ~ '1'1 -tr ,{ F '7 50 
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:t Jv 7.. "'\ - +J- 1 0 9 0) Ji- f&lj f;: {ft 9 -si ~ W ft £-t&. 1 0 1 0) 11_ lm g~ f;:, I 7 7.. T :;.,, V 3 :;.,, 

ffi ~ I O 4 J:. fJ t 7~ v' mfr 12 :f:f 9 -si 1/ - 7.. • F v ,1 :;.,, ffi ~ 1 O 5 72 lB PX L, td&, i::t A~ :h 
t:::. ::f Mi !Jo/./ ,1 ~ :;.,, 72 ft5 '11 H: 9 -si t:::. ~ 0) 7 .::::. - ;J,; 7l1 f!. 72 f./'ffi 9 o n 1£! M I S F E T 0) 'J - 7.. • F 
v ,{ :;.,, ffi ~ 1 0 5 72 JB PX 9 -si ~ fr f;: Lt , fflj 5t. ii' lilt ~ X ft 1) :;.,, i;J: E 0) n 1£i ::f Mi !Jo/./ 0) ,{ ~ :;.,, 

A 72 ff -5 o * t:::. , p 1£! M I S F E T 0) 'J - 7.. • F v ,{ :;.,, f;'J~ ~ 1 0 5 72 JB PX 9 -si i,!J½ fr f;: it , 
~;z~*PYi;J:['O)p1£i::f*41!jo/)O),{~:;.,,i::t}.-'2ff-:io 
(0075) 

.L_:l_ _t f;: SJ! L, t:::. , :,js; ~ f./'ffi JB g [;: {* -si ~ W {-$: H 0) ~ @ 15 rt: i;t , !/ - !- ti I O 8 0) m 1 

OJW $108AOJlBPX*~mzOJWS$108B-'ilBPX9GCt-'2Mfflt90tOJcd'J 
0 TJ' , I 'j =f- 1,; 'j lJ 72 ffl v' 0 c t f;: J:. I) , m 1 0) W S g~ 1 O 8 A f;: 11 L, T § 2 ~ fr 8~ f;: m 10 

2 0) • *~ 1 o 8 B 12 * PX 9 -si t:::. ~ , m 2 0) • $ 1 o 8 B 12 1~ J:l - = :;.,, 1
/ re J:. -:> --r * PX 

90~frO)J:.-j~frb~~v~~~0Ct-'2~±90Ct~c~0a 
(0076) 

cm 3 0) f./'ffiJBttn 
.L_:1_ T , :,js; ~ SJ! 0) m 3 0) ~ f./'ffi JB :it~ f;: {* 0 ~ W {-$: H f;: -::> 1.t' --C , n 0) M I S F E T 72 WU t 

L, T , rm lm 72 ~ ~~ L, i;J: 'IJ'I G ~ SJ! 9 -si o 

(0077) 

rm 1 6 rt , m 3 0) ~ f./'ffi JB :!t~ re ffl -si ~ ft H ■ 0) m ifr 12 :;r, 9 WT oo l'i?I c d') -si o riD , rm 1 6 re 
43 v' --C , l'i?I I f;: :;r, 9 m 1 0) ~ f./'ffi JB :it~ t lnl - OJ 1'liJ PX ~ ~ f;: it lnl - 0) n i-5 12 {-;f 9 C t f;: J:. fJ , 
fil ti 9 -si g5t Sfaj 72 ~ ~ 9 -si o 20 
(0078) 

rm16~:;f-9J:.-j~, :,js;~f.(ffi)Bg~ffl0~WftH ■ ~l'i?ll~:;r,9mlOJ~f./'ffiJBgtfti;J: 

-:> --r \;, -si ,8 it , 11:_ 0) @ fJ c ® -si " 9 t: b t:, , m 1 0) ~ tft!l JB :it~ c it , 1f - i- • 1<ii 1 o 8 0) =r 
~ :z, ;].,, :& 15 $J OJ g:i * $ re fft ■ 9 -si m 1 0) • g~ 1 o 8 A TJ' , 1f - i- s 1<i1z 1 o 8 0) =r ~ :z, ;1,; 

ft 15 $J OJ jmj !i#;l 00 f;: {ft ■ 9 i5 m 2 OJ W S $ 1 O 8 B f;: J:. -:> T ~ * :h -si J:. -5 f;: JB PX ~ :h T v ' t:::. 

0 -g- 1,;, ~ ?t. 0 t , m 1 0) • 1 o 8 A it !/ - i- • ti 1 o 8 0) r:j:1 * g11 :@: ft re c 1f - i- • ti 

1 0 8 0) _t lm TJ' G T lm * C ) JB PX ~ :h l \,,' t:::. 0 -t :h [;: 11 L, l ' * ~ f./'ffi JB :it~ C ft ' lj' - )- • 

til080)=f-~*~:&/j$JO)r:j:1':k:.OO~m 90m10) S$108A~ ~-• ■ 107 

-::> * fJ 1f - i- ~ a ijl t m 9 0 J:. -5 re JB PX ~ n --r \,,, 0 ,8 it , m 1 0) ~ f./'ffi JB tt~ t lnl ~ c d') 0 tJ, 
, m 1 0) W S I O 8 A 7J' 3/ - !- S ti 1 0 8 0) T *~ .L_:l_ .>''} [;: it JB PX ~ :h T 43 G 9 , m 2 0) W 30 

S *~ I 0 8 B 7J' m I 0) W S g~ 1 0 8 A 72 ~~ ('' J:. -5 f;: JB PX ~ :h T v' i5 ,8 TJ' , m 1 0) ~ f./'ffi JB :it~ 
tfti;J:--::;--C\,,'00 
(0079) 

9 i;J: b t:, , m I OJ ~ f./'ffi JB g c izt « t:::. :,js; ~ SJ! f;: J:. i5 1i1J * it , lf - !- S j;,j r:j:1 'k:. 0) m 1 0) S 

$108At!/-J-Sti!i#;l$OJmZOJW $108Bt~-z-:h~:h!/-J-~a ■ tmL,--c 

v' :h f;f , T~ G :h i5 OJ c d'J -:> T , 3/ - !- 1<il _t g~ f;: 43 v' --C 4§. W S $ tJ, E OJ J:. -5 f;: JB PX ~ :h T 
\,,' i5 tJ, it rffl {* i;J: \,,' OJ c d'J i5 o 

(0080) 

.L_:l_ T , IZl 1 6 f;: :;r, 9 :,js; ~ f./'ffi JB ft~ OJ '¥- W {-$: H 12 ~ @ 9 -si t:::. ~ OJ 15 r1 OJ - {JIJ f;: -::> \,, ' T t5t Sjj 

9 i5 o IZl 1 7 ( a ) ~ ( c ) & U: l'i?I 1 8 ( a ) ~ ( c ) it :,js; ~ f./'ffi JB ft~ 0) W 1-$: H ■ 0) ~ @ 40 

15 11 OJ 4§. I fl! 72 :;r, 9 WT lm IZl c d'J -si a 

(0081) * 9 , l'i?I I 7 ( a ) f;: 7G 9 J:. -5 f;: , fflj 5t. Lf' V 1) ::i :;.,, £ -t&. i;J: E 0) ~ W {-$: £ -t&. 1 0 1 f;: ,1 ~ 
:;.,, i::t A 1112 ffl v' --c '7 1. ;J,; µJI~ 1 o 2 12 JB PX L, tdiL W {-$: £ -t& 1 o 1 OJ 11. lm g~ f;: ,,, ~ :;.,, i! 
A 72 ffl v' --C =f- ~ ;z, ;J,; ffi ~ I O 3 72 JB PX 9 i5 o n @ M I S F E T OJ '7 1. ;J,; ffi ~ 1 0 2 & U: =f­
~ :z, ;J,; ffi ±i 1 o 3 72 JB PX 9 i5 ±i fr f;: it , ff1J 5t. ii' * a :;.,, t: t' OJ p ~ ::f *111 !Jo/./ OJ ,1 ~ :;.,, 7± A 72 ff 

-5 o * t:::. , p @ M I S F E T 0) '7 1. ;J,; µJI~ 1 0 2 & U: =f- ~ * Jv ffi ~ 1 0 3 72 JB PX 9 i5 ±i fr 
f;: it , fflj 5t. fi' 1) :;.,, i;J: E 0) n ~ ::f *111 !Jo/./ 0) ,{ ~ :;.,, 7± A 72 fr -5 o 

(0082) 
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(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 
semiconductor device comprises a step of respectively 
forming transistors Q 1, Q2 of different gate insulating 
film structures on regions A, B of a silicon substrate 51. 
The gate insulating films of the transistors Q1, Q2 have 
a highly dielectric film 81, and interface layers 82a, 83a 
formed by a reaction of the film 81 with the substrate 
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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iJ"r.i'EB2'-tl Tv •0 o f1U.:zt;:f O. 2 5 µ, m DR A MrRB C 
MOS 01/'1/ 7 LS I 7'1/7°0)r~€;-Ui, DR AM-t;J.; 

7J.,.,~fflr7/1/A5, □ 1/Y7§Mfflr7/1/A5, 

I/O@l]i!§ffi}-5/1/A5~,~-~-00Jh, ~J±t 
1,,? tcfttJ: 0 f±mc<m:B2" t1 Tv •00 c nG O)fttJ: 0{± 
m-'a:.k9f.@~, -t-h~,h0)}-7/1/A5~~l..,TfttJ: 
0~f'l[O)/f-J--@&g-'a:-fBnx.LT:B~, ;:,n~7□ t7-

0)m~2', f!l!@=r7- rO)L~-'a:tBl.•"fv'00 L~O)0. 

25µ,mmDRAM~BCMOSD1/Y7LSI+Y7 
O)r~€;-c'ti, DR A Mt;J.;ffl r 7 /1/A 50)/f- !--@& 

gf'l[~8nm, D1/Y7§Mffl!--7/1/A5~~5n 

m, I /O@JJi!§ffl r7/1/A5/i~7 nmc'a500 

[0012] CO)JE~~-~~$fflz-~aL--rtJ:~htc 

tO)c\ tl~tJ:7"ot7-z-fflv'0 c ttJ: <, WtJ:01/­

!--@&••~z-W~½'0tcm~0) }-5/1/A5z-m=BL, 

k-¥W~&■-'a:mm90Ct-'a:§ST,Jt900 

[0013] 

[&Oz-M~90k<l60)¥~] CO)JE~~~0-¥W~& 

■~- ¥W~¥fit,M~¥W~¥fi~~@2"hk~l 
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O)~~klB~~hk, ffilO)ffi&gtffi20)ffi&g~M 
&¥•~-fi~GCO).kfflJ!~hkm@O)ffil0)1/­
rffi&g~~90ffilO)r5YYA7t,M&¥•~­
fik[R@~tikffi20)m~kJB~~hk,ffi30)ffi8g 
tffi40)ffi&g~M&¥•~-fi~GCO).kfflJ!~ti 
km@C®?lfiJ,M&ffil0)1/-rffi&gklt«T 
1/ u ::1 Y■{r:g~JJ]lf'J[iJ'Wv'ffi 2 O)Jf·- rffi&gl~~ 
90ffi20)r5YYA7t, ~tiL, M&ffi2&Uffi4 
O)ffi&gtl, ~~klBPX.~hk~m-~gT®~.ffil 
&um 3 O)ffi&glr::J:, 111, ,ic::rJ:J.~x.i:i:glf'J[iJ'niJ: 0Woo 
J!T®0Ct~'f-Jfflt90o'f-Jkff*L<tl,ffil&U' 
ffi30)ffi&gtl, th-Fhffl2&Uffl30)@&gt¥• 
~-fix.tltO)~o'fiklB~~hk.gtO)&~k~~JB 
PX.~hk, 1iHc:::niJ:0rJ:i~O)r/-jj'fiJ!T®0 tO)t9 
00 
r o o 1 4 J c o)~smt * k. ntJ: 01/- r *@am,~•@ 

~~90r7YYA7~ao¥•~~-O)~@h$T® 
?l, ¥•~•fiO)ffi10)m~O)~ookmm~~-•• 
J\IJ 7J!~JB~9 0Ifit, M!c¥.{;,j;:lH&tc:::r'e\'Jii•{;,j;: 
ffi&ijl~JB~ LT, M!cffl 1 O)~~T(iITTJ!c •• / \ lJ 7 
J!x.tlChtwi~r'e\'JM•~-tO)&~J!~GiJ:0WooJ! 
~aJJ, m 2 O)m~citM!c¥•{*~fi t M!ci'$§i•{* 
gf0)&~,c:::~0Woo!!~ao1/- r@&gf~JB~90I 
fit, M!c1/- rffi&gf_Uc:::1/- t-•@g~J'\7->FB~ 
90Ifit, ~ti90Ct~'f-Jfflt900 
(0 0 1 5] CO)~SJHC:::Bv'Tfj:, 1/-rffi&ijltLT 

O)~ll*•{*g C~MiiR{l::to/J£lx'.v'/it0):/ 1J-'T-r) O)PX, 
gls;r-, ~i,,it, tO)fiO)*ami{r:7.:::.-;vO)~tc::, ~fit 
L<tl .• fiLklB~~hk.gtO)MklB~~h0W 
ooJ! ic::: J v' T, ~t&~o'fi"'O)~--A. .gf~{l::ijlO)t1l'l 
J_iJ:EO)h$T, Wo'fiJ!O)•m~•w·•·~:JYr □ 
-~90$k~~- niJ:0Mtt.m@~~901/-rffi 
&gl~~-~t&LfC:::lBPX.900 -~?t.hta:', Ci1*T 
r'e\'JM•~-t-~T®?kr/-ooJ!~~~kM~~~k~ 
k■!!m@t~x. ~'1J.,.,7rrY*lJY1/~~±90 
k+~iJ:l'J[~O)r'e\'Jm•~-~~-90Ctk~~- 1/­
r!J-7•ffl~~~90tttk, •fiwooO)~•~r 
'7YYA7nl'l~fc:::~t:--rniJ:G~6 c tic::~~- niJ:0 
{±ti~~*~h0 r 5 YYA7iltfC:::1/- rffi&ijf~{il' 
5Jtt6 C tiJ'T:'~00 
[0016] 
[~~O)~~O)JB•]~T. ~oo~-fflLT, CO)~~ 

O)~~O)JB!t~~~Sjj9 00 
[~~O)JB!t~ 1 J 1ls:~~O)JB!t~ 1 cit, ri1fli•{;,j;:ijl~1/ 

- rffi&gic:::J:lh ', iJ,J~fl*•f;,j;:ijlt•;t&tO)FsiO)&~ 
k~~JB~~h0Wffi)!O)gl'J[~mm~~- */ 

riA~fflt -t-=~*&~oo"'O)~••;_ic::--c::1 Y rD-1v L 
--c,niJ:?kffl~O)r'7YYA5~~--fiLk%~~ 
U-600 
[ 0 0 1 7] ~ 5 ~~ 1 2 ti, C O)~~O)JB•O)~@I 

(4) 'f-Jfm 2 0 0 3 - 1 0 0 8 9 6 

fi~~LTv'0o *9". ~5/C:::~9~·~/(C:::, :,/l):JY!ji 
*ami•t&5 1 Ltc:::, :/ 1) ::1Y.{l::ijl~~ijl/!j[0).1,,Jf'­
rffi&g~~~t90 r5YYA7m~A t, CO)nl'l~ 
A tc:::lt«T:/ 1) ::1 Y■{l::ijl~~ijff!10)/!j[i,,1/- H@&g 

~~~t90r'7YYA7m~B~[R@900~~~ 
tc::, t h-F'hO)m~ A, B tc::i'.'.,~iJ: P 7 .::c.;J.; 5 2, 5 3 
~JB~ L, S T I ( S h a 1 1 ow T r e n c h I 
solation)$k~~--7~■@&g54~~ 

Jf)Jbtsc ttc::~ ~- -~A. BiJ"!R@~h00 
[ 0 0 1 8] ~fC:::, ~ 6 (C:::5f-9 ~ 7 tc:::, 2 5 n mO)~itt 
■{r:ijl 6 1 ~~IJD)irliiiflit 9 o o 0c. o 23flffimtc::: ~ 0 ~ 
m~TlBPX-900 tO)~,nl'l~BLk/!j[~lµmO)J.,.,Y 
A r'ZA7 6 2 ~JB~L. -~Ate:: L~H@•l±~llml~ 
9 0 tcJ!)O);J; □ Y~i±Ati□:ifil-1± 1 0 k e V ~ 3 o k e 
v, /±A F-,:;(JI 5 x 1 O 1 "/ c m 2~ 1 x 1 O 13 / c 

m20)*{4T'1*Yi±A90o 5/~~~- ~L::J.,.,YA r 
'ZA7 6 2~ffil'T, ~-~i±AD□:ifil-1±5 k e V, ff 
}_f-;:{!15 X 1 0 11/cm20)*{!J=T'1*Yt±A9 
00 Chfc:::~~vl~Atc:::•v''r-v::z,;v'1*Yt!AJ!6 3 
&U', •• ;-:;1J7J!tiJ:0~--;_m~6 4iJ'%~~h 
0o 
(0 0 1 9] CO)fi, J.,.,YA r'ZA7 6 2~!l'<IJJi!ltLk 
~ ~7k5f-9~7k,m~A~M-5J.,.,YAr'ZA77 
1 ~JBPX. L. vl~ B tc:: L~v'f@•EE~fl)ljj~9 0 t-:J!)O).;J; 
DY~tt} ... ti□:ifil•J± 1 0 k e V~3 0 k e v, F­
,:;(!15 X 1 0 12/ C m2~ 1 X 1 0 n/ C m20)*{'t-T'1 

*YB:A 900 Chtc::~ ~vl~B tc:::•l ''r-'f ;z,Jv'1* Y 
7:±AJ! 7 2 iJ'lBPX-~ h00 
[ 0 0 2 0] C O)fi, J.,.,YA r 7 1 ~~~* L, ~f&~oo 

0)~~~~*90ITTJm~~~Lk~. 'f--'f*~'1*Ytt 
J....J! 6 3. ~••;....m±i 6 4. 'f--'f :z,1v'1*Y1:tA.!! 1 
2 0)1'*4itt~ri:sttfr:~~0 7.=.-1v~. mfirliiiflit 1 o o 
0 °C, mria;r-Fs9 1 0 ;f'j)O) R TA ,c::: ~ fJ fr -5 c 

r o o 2 1 J :-xic:::. rro ,y ■mfitc::: ~ 1'.) titt■{r:§l 6 1 
~~*L, :/1J:JY~fi5l~jj'jjO)*•@~m~~frtJ: 
?tdi, ~8tc::5f-9~-5ic::, ?$~j'!;~f;,j;:ijlT®0T i 0 2 

§ls 1 ~JBfix:900 J'!.f;,j;:~tc:::tt, Ti 0 2mma5-1/,y 
r7;f:ffiv'kDCAl~'1/7ttrc:::~~- 3 0 ow, Ef.jJ 
1Pa, Ar O)Jrt!l22/l. 2s ccmO)AJ~,y 
5*~1:. /!ji:~5nmO)Ti0 2g81~~~90o C 
O)S;\c, T i 0 2~Al'\'1/ 5S;\c0)■-7°7,:;(?3t[ffi~tc:::~ 

i'.), m~ A, B 0):,/ 1) :J Y-fi~ooit■{l::~ h, Woo!! 

8 2, 8 3iJ'lBPX-~h00 nl'l~AO)r/-5'fiJ!8 2/i, ~­
.A-~64~--0)·fi~"'0)~~~~~90~m . 
• l, :/ 1J ::1 Y.{l::ijl t iJ: ~ , -~ B O)r/-o'fi!! 8 3 ti Z:. h 
~ fJ /!j!J, ':/ l) :J /.{[::ijl t iJ: 0o 
[O O 2 2] *tc::, ~9fC:::5f-9~-jfc:::, Ti 0 2ijl8 1 

Lie::, CV Dtttc:: ~ ~ ~*ami:/ 1J ::1 Y§l~W~ 1 7 5 n 
mPX.gL T, J'\5-.:::.y7·90 C tfC:::~?T1/- r.@g 

9l~lBPX:90o 1/-r-@g9lt~~- tO)T0)3/-
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Ht:&gf t tJ: 0 T i o 2• 8 1 LH.f Woo/1 8 2, 8 3 t, 
1{5-.=..:.,,7'900 CO)fi. Ti 0 2.8 1 O)*a&Mi:::O) 

~tc.~m~~mgoot. ~m~~M30~0)RTA 
7,f:f'ftJ:'5o CO)S;r, RT AfCJ:0T i 0 2.8 1 tJ,G':/ 

0::i.:.,,¥fis1~0)••0)mfttcJ:0.mJllx'.B0)':/1J::i 

.:.,,¥,11X~rnl/iltHl:::~h. Woo/I 8 3 liPX~ L, T, JUts"J 

~2nm61mO)Woo/183attJ:0omJllx:A1.'li,M* 

•;,_aJllx:64tcJ:0n•O)•fi$~0)mft~~~~t1. 
8 20)nx~fi~miJ~hT, .iU~i¥Jf;:::.:tsJ:-t-O. 7 

nmO)Woo/18 2 a ttJ:00 
[O O 2 3] Ti 0 2ijf 8 1 fj:, RT AmfitcJ: fJ#&Ja 

mi~~tctJ:0. -t-O)M••li.:tsJ:-t-201¥m. 1/t?lL 

0)$5-J'O)rui:::•~--Jl][li~lnmL.'000 *k. Ti 
02gls 1 O),Al\'1/5tcJ:0¥t&~O)T i O)tmfis"JrHA 

t, 1iI1¥f;::: TfitJ:bh0 f.li'li{l:::7 .=.-;J.;f;::: J:? T, W 

ml/I 8 2 a , 8 3 a li#&mO) T i iJ'?EEA L, t::. ':/ 1J ::i .:.,,g 

{I:::. t tJ: f)' -=fO)g;% •• (j: 51¥mrc tJ: 0 0 

[ o o 2 4] 11t? T, jlJ!Jllx: A 0)3/- Hf!!&ijl/i, Woo/I 

82atTi0 2.810)M/immttJ:fJ, -~B0)3/ 

- r- @&•rt, Woo/I 8 3 a t T i O 2gl 8 1 O)■Jim 

mttJ:00 ChG0)3/-r-@&.li.~~-Jl][tL,Tli 

5nm~L0)-~7,f:~L,. Y-1v7r-r-.:.,,*1J.:.,,3/•ffi 
7,f:-t5-J't;:::~ffi1J1.'~ 00 ~15, Woo/I 8 2 a, 8 3 b O)ijl 

~O)Jil,f;:::J: fJ, jlffii~A 1.'ti, .{l:::ijl~--Jl][ 1. 6 n 

m0)3/- r-@&ijltJ\ jlJ!Jllx: B 1.'ttnfl:::ijl~-glfl][ 2. 6 

n m0)3/- r-@&ijltJ"-fr;nx~hkC ttctJ:00 

[ o o 2 5] ~tc, 1Zi I o f;:::~9 J: -3 re. ':/ 1) ::i .:.,,1li*a 

a,¥fi 5 1 kxi L, T 1i/f~@:f;::: N ~ffMitml,f:-1 ::t ./'ff A 

l,, iil' 1/-7-/ F v,1.:.,,0) n ~fJ!ft/1 1 0 1 J,f:-fr;nx9 

00 ~{4':s"]fc{1iJ;:Uf, liJ:t*J,f:D□Jfil-8: 5 k e V ~ 1 0 k 
e V, F-,:;(_,;. 5 x 1 0 11 / c m 2~ 1 x 1 O 1 s / c m 2 

fC TffA 9 00 
[ 0 0 2 6 ] :j( f;:::, C V D ;He J: ? T, 1 0 n m ~ 5 0 

nmO)ijlf!]'[O)S i 3 N1 .7,f:J'iML,, a15,11:r:.,y'f-.:.,,7'1,f: 

ffil'TI.,y'rl\'1/790Ctf;:::J:f), IZi 1 1 f;:::~9J:-j 

tc, 3/-r-•a910)00ootc3/-r-OOM1117,f:-ff;nx:9 
0 0 ml\ l, 1/ l) ::I ./ 1li*ami¥t& 5 1 [;::: xi L, l (f lf~IR 

[CN~~*4lto/JJ,f:, {Jlj;:t(;f, nlt.7,f:b□Jfil-8:5 0 k e V~ 
70keV, F-,:;(jiSX 101s/cm21'.'-{;t.:.,,a:]__ 

l,, fjl '1/-7-/ F v-1.:.,,jlffiiJllx: t tJ: 0 n 1 ~mft/1 1 1 

2 J,f:-fr;nx9 00 ~f;:::, 1/-7-/ F v-1.:.,,~*4l~r.sttfl:::O) 
tcrh, 1 0 3 5 °C, SfFs91 0 f'j)O) RT A f;:::J: 0~m 
fiI617,f:fi -3 o .L,'.l,L(C J: fJ, mJllx: A, B [;:::, ':/ l) ::i .:.,,g 

fl:::ijl~-ijlfl][O)atJ: 0 3/- r- *f!!&ijll,f:fif"J r- 5 .:.,,:) 7- 5 

QI, Q2tJ'>-ff;nx:~h6o 

[ 0 0 2 7] ~[;:::, 7 '1/ n,c J: fJ ':/ 1) ::I .:.,,1li*afill¥fi 5 

1 & U3/- r-•• 9 1 LJ'r~O)gfl:::•7,f:~;tt L, tdi. C o 
7,f: ,Al\ '1/ 5 [;::: J: fJ '7 I.l\:@:{4,:f;:::PXijl L, T, RT A[;::: J: 0 

Mm~tcJ:?T, IZl12f;:::~9J:-jf;:::, 1/-7-/Fv-1 

.:.,,jlffiiJllx:&tJlf- r-•ji,i g 1 L!'r~rc ::i1\1v r- 1/ 1J +r-1 r• 

(5) ~ml 2 0 0 3 - 1 0 0 8 9 6 

1217,f:-fr;nx90,*5-ttJ:Co·li~■90o~k. C 
V Nt;t;::: J: fJ ':/ 1) ::i .:.,,gf l:::ijltJ, G tJ: 0 /1 Fell*f!!&• 1 2 2 
7,f: nx• L,, a:1:itt=.:r:. '1/ -1-:,, 1'rc J: 0 ::i:,, 51;7 r- ;t;-1v 1 
2 3 7,j::-fr;PX L, tdi. 7 JV :3. .=.17 bl,f: Al\ '1/ 5 l:t;lC J: fJ nx: 
.L,, 1{5-.=..:.,,7'!.., Tlg2~,'R 1 2 4 J,f:-fr;nx90c 

[ O O 2 8] .L,'.J,LO)J: -3 t;::: L, T, C O)~tiJ!iO)-ff;J't~f;::: J:h 

ti', jlffilJllx;A, Btc-ff;nx:~h0r-5.:.,,:J7-5Q1, Q2 

li, ~tcY-1v7r-r-.:.,,*l).:.,,3/.ffil,f:~±90tc-t5-t 
tJ:~~O)~~-Jl][J,f:~L,tJ:~G. ';/l)::i:,,ru1:::•~-­
Jlj[O)atJ:03/-r-ffi&•J,f:t,?T-fr;nx:~h0o 3/-r-@ 

·••mO)fflJi~G.mJllx'.AO)r-5./'1/A5Qlli,a 
Jllx: B 0) r- 5 .:.,,:)7- 5 Q 2 tlt.r,z Ttl=lx1s"J(;:::, 3/- Hlf'tff 

~fi'liHttrc* 0 tJ\ •rm,,~111/JflE:htJ"r'ilJl, t l, -3 ¥.H'f:.O)ta 
Jil,j::fif"Jo 

[0029]3/-r-ffl&•li. r'iliM•~•t. Cht¥ 
fitO)MO)&~JitL,T-fr;PX~h0Woo/lO)M/immt 

tJ:? Tv '0 tJ\ c hlifrhaJllx'.A, B 0)¥tizfRrnltkJ't~l,f: 
2£{1:::~ -l± 0 C t 1:, jjljj~O)Wraj/itJ'>atJ: 0 ~:kJ't~l,f:~fJ\! l, 

Tl '0 o L,tJ, t,, ¥t&fRrnl~:k81,f:2£{i:::~ -l± 0 tcrJJO)mfi 
ti, aJllx:A, BO)'f--v:z,;J.;-{;t.:.,,7!J-__O)tcrh0)?7-l;ll,f: 

-t 0) * * ffl v' T 'IT -3 C t tJ, 1.' ~ 0 o 1}.h T, r- 5 .:.,, :J 7-

5 Q 1. Q 2 tJ,afi0)3/- r-@a•mml,f:fif"Jtttl, 

;:t, ~~~at7-li, -{;t.:.,,a:)__I61~1I61~;:t6~ 

f:TL'® fJ, /i1j_ijl.'"(:d'.J0o 

[0030] CO)~fn!i0)-ff;81:0)M*-1::t.:.,,a:,,\li, ':/ 
0::i:,,•~~O)M••]__tcJ:0ru1:::~±~~7,f:m?t::.'b 
0)1:01:J, -=fO)~-t~h0~±~~0)61m~J:fJi::EA 

D□Jfil•EE • F- ,:;(iHi2£~tJ,PJr1El'®00 l;;?I 1 3 fi, 

* F- ,:;(iitWoo/ifl][O)~f*J,f:~ L, Tv'00 ?ilit;%.f4>:*f!! 
ggf O) ±i ff. *f!!&ijlO) it ff. f13ffi'li ti W ml Ii 0) ijlfl][ '/J' ~ 

v 'li E2!x:~ ~ h. &ml r- 5' /1/ 7- 5 O)•rm,~111/J:h ti, W 
oo/lO)ll;%••tJ"{!h ,]JtJ, G. Wafi/i~tJ,Jl][v 'li E {J:f'f9 

0t1-,,-3 r-v-F::t70)~{*tc000 9tJ:b't, ~~F 

-~•li.~r-7.:.,,:}7-50)~-t~h0frgl,f:m~L 

T, {fJ&'.tcr1;:'.@:90$iJ"l'~00 

[003l]*k. M•0)-~7J~li. -{;t.:.,,a:,,\K~ 

G h -f. f11J;:tti'M*5 :Jh ;Uc J: 0¥f&Mfl:::tJ: El' tm 
btJ:v 'o 

[0032] *k. ~~0)%81:li, i'iliM•~•s1t 
l,TT i OJll,f:ffil,tctJ\ cttrc~NG-f. A 1203, 

Ta 20 3, Zr 0 2, Hf 0 2, Y 20 3 , La 20 3 , Ce 

0 2, Pr 0 2 , G d 20:,• S c 20 3 , La A I 0 3, Z 
rTi0 4 , (Zr, Sn) Ti 0 1 , SrZr0 4 , L 

a A 13 0 4 , Sr Ti 0 3, Ba Sr Ti 0:/l'fO)~}ig 
{Ul.exv '[J, L TT GO)';/ 1) J,-- f', 't:, L < (j:, L~O)~ 

ii.fl:::~ t ':/ 1J ::I .:.,,.{l:::ijl, ':/ 1) ::i .:.,,~{l:::.&t.f A I 2 
O 30)fJ:~~G-~hk~tJ:<tt,-■ tO)mmiO)-ff;8 

l''b J:t,,o 

[ 0 0 3 3] *~fn!iO)-ff;fi.~1.'ti. r'ilill*•f4,:ijf-ff;nx:tc DC 
7-1 ~ 'Y 5 ft;J,f: fflv, Tv, 0 tJ\ nx'.ijlf1:;ti c t1rc~N0 :btt 1.' 
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fitj: <, Wrnil!~f'F-5 ?."1iii•f;$:ijiO)PXijif1Td5tHi'J:: 
l\o {Jij;t(;f, Ti C 1 1 C:0 2~fflv'k7°5:{--zCVDt1 

tj:fTtJ::v'o ]t!tc:::zls:~)J!!iO)Jf:;it~l'fi, lf-t--•j;,jg 1 

t LT/ :1/ F-7°0)~*5ill!V 1J ::JY~fflv'Tv\~dJ\ z: 

hk~0b01'.'Utj:<,~~~F-~O)~~illllJVlJ::J 
:1/, 7-EJv777-V 1)::J:1/, Si GeilxPtiii:zjj!~, {-tg 

O)~-•l'!IJ,jflg~ffll'-5 00 ]t!tc:, N~~*il!tt~P~~ 

~~tc, P~~~~~N~~~~k■'6~:t0Z:t~J:: 

VJ, P'f-vt,;J.;MO S l--5:1/::.J7-:$?t[P]atc:{'fPXc''6 

0o 
[ 0 0 3 4] [~)J!!iO)Jr:;i~ 2] Z: O)~)J!!iO)Jr:;it~l'(i, r'§i 

ffl•~t¥~c:O)Mk%PX~h0WrniJ!O)gK~, g. 
71/77 ;J.;~ffll ,rc¥-t&~rni~fl::Ji: T :::1 :1/ 1-- o-;J.; L, fl! 
tj;?tcffl~O)l--5:1/::.J7-:$?~M~t90lf-l--@&g~ 

J:: IJ iYl~tc:, [PJ-¥~_bc: T%PX9 0 z: t tc::=J=.§H~■v\ 

Tl'00 n;O)~fftijO)Jf:;i~ 10)~6tc:~Ltdl't:1fflz{Ul6 
lO)Jr:;PXil'U, ~fft!iO)Jf:;Ult[P]Gl:®00 

[ 0 0 3 5] Z: O)ff, ~ 1 4 f;:~g J:: -5 (i:, m'itJJx B _ttc: 

fl¥:~lµmO)v::.J7-l--?7-~141~%PXL,m'itJJxA~ 
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(72)Inventor : FUKUSHIMA YASUSHI 

(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 

5 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. 

10 

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 

15 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. 

20 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 HfO2 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 

25 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 

5 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 

IO device, a gate insulating film is made of an HfO2 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 

15 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 10 l and located in the pMIS 

20 transistor region serves as an active region 1 00a, 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 1 00b. 

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 

25 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 1 OOa. 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 

5 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 HfO2 film, and a pMIS cap film 

104a formed on the high-k film 103a. The gate insulating film 122b includes an interface 

10 layer 102b made of a silicon dioxide film, a high-k film 103b formed on the interface layer 

102b and made of an HfO2 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 

15 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 

20 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 

25 shown in FIG. 13, sidewall spacers 11 la 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 11 lb 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 11 la 

5 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 111 b 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. 

10 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 

15 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 currents of the 

20 transistors corresponding to each of two different source off leakage currents. 

As shown in FIG. 14, the effective work function value 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 

25 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 

5 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 

10 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, 

15 subthreshold characteristic deteriorates, and accordingly, a saturation current decreases under 

conditions with a constant source off leakage current. 

20 

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 

25 semiconductor device having a MIS structure m 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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. 

10 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 

15 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 

20 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 

25 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 

5 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 

l O 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 

15 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 

20 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). 

25 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 

5 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. 

10 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, 

15 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 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 a CMIS structure including a plurality of MIS transistors different in threshold voltage (Vth), 

and for fabricating the semiconductor device. 

BRIEF DESCRIPTION OF THE DRA Wll"'\JGS 

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 

10 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 

15 step of the method for fabricating the semiconductor device according to the embodiment of 

the present disclosure. 

20 

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 

25 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 

5 step of the method for fabricating the semiconductor device according to the embodiment of 

the present disclosure. 

10 

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) 

15 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 cuffent of a transistor in which a channel dose is changed whereas a source off 

20 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 

25 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 

5 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 

10 high-Vth (e.g., 0.35-0.5 V) transistors which are required for reducing a standby leakage 

current. 

First, as shown in FIG. 1, pMIS transistor regions and nMIS transistor regions are 

defined by selectively forming an isolation region l made of, for example, a shallow trench 

filled with a silicon dioxide film in an upper portion of a semiconductor substrate 50 of, for 

15 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 50 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 

20 transistor region serves as an active region 50c, and a portion of the semiconductor substrate 

50 surrounded by the isolation region I and located in the second nMIS transistor region 

serves as an active region 50d. 

Next, an n-type well region 5 lN is formed by introducing an n-type impurity such 

as arsenic into the first and second pMIS transistor regions of the semiconductor substrate 50 

25 by means of ion implantation. A p-type well region 5 lP 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 

5 and the second nMIS transistor region. 

10 

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 (0) 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 

15 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 

20 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 

25 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 

5 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 53c 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. 

10 

15 

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 53c includes a metal-containing film 6c 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 

20 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, 53c 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 

25 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 lx1015 cm-2
, 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 

5 such as boron. In such a case, Ge may be implanted, for example, at an implantation energy 

of 5 keV and a dose of 5x1014 cm-2
, and C may be implanted, for example, at an implantation 

energy of 2 keV and a dose of 5xl014 cm-2
. 

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 

10 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 lx1015 cm-2
, for example. Ge 

and C may be implanted in the second nMIS transistor region of the semiconductor substrate 

15 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 5xl014 

cm-2
, and C may be implanted, for example, at an implantation energy of 2 keV and a dose of 

5xl014 cm-2
. 

As shown in FIG. 5, after forming a resist pattern 11 covering the second pMIS 

20 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 Sa 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 Sc each having an 

I-shaped cross-section on the side surfaces of the gate electrode 53c located in the first nMIS 

25 transistor region. In this step, each of the offset spacers Sa and Sc has a thickness of about 

16 P61 l097-0l (Ml 1-182) 

Page 134 of 339



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 

5 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 

10 formed, the thicknesses of the high-k films 3a and 3c remain substantially unchanged. Thus, 

each of the high-k films 3a, 3b, 3c, 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 7 a of the 

15 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 7c 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 

20 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 

25 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 53c are oxidized by oxygen having passed through the 

5 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 

10 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 

15 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 implantation, an implantation energy is 0.8 keV and a dose is lx1015 cm-2
, for 

20 

25 

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 ke V and a 

dose of 5xl014 cm-2
, and C may be implanted, for example, at an implantation energy of 2 

keV and a dose of 5x1014 cm-2
. 

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 53c in the active region 50c. The resist pattern is removed 

after formation of the n-type extension regions 9c. Here, concerning conditions of the ion 

5 implantation, an implantation energy is 1.2 keV and a dose is lxl015 cm-2
, 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 

be implanted, for example, at an implantation energy of 5 keV and a dose of 5x1014 cm-2
, and 

C may be implanted, for example, at an implantation energy of 2 keV and a dose of 5xl014 

10 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, 

15 53b, 53c, 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 

20 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 17 d of a silicon nitride film formed on the 

25 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 Sb 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 

5 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 Sb 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 Sb and 8d are approximately the 

10 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 Sa and Sc. 

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 53c and on the active region 50c are also etched back. 

15 Consequently, the offset spacers Sa 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 Sc and the 

remaining silicon dioxide film 13c are interposed between the side surfaces of the gate 

20 electrode 53c 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 

25 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 

5 implantation, an implantation energy is 1.6 keV and a dose is lxl015 cm-2
, 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 

5x1015 cm-2
. 

10 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 19c 

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 

15 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 lx1015 cm-2
, 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 

20 contained in the pMIS cap films 4a and 4b diffuses into the high-k films 3a and 3b. 

25 

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 3c 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 7c of the gate electrodes 53a, 53b, 53c, 

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 

5 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, 

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. 

15 

20 

For example, a heat treatment performed in a step causes oxygen contained in a 

high-k film including, for example, HfO2 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 

25 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 effective work function, a source off leakage 

5 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 

10 insulating film 52a of the first pMIS transistor and the interface layer 2c included in the gate 

insulating film 52c of the first nMIS transistor are selectively increased in thickness. 

Accordingly, the EQT 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 

15 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, 

20 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, 2c (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 4c and 

4d are allowed to remain in the final structure of the semiconductor device. However, the 

25 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 

5 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 

10 (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 

5 provided on an identical semiconductor substrate, 

wherein 

10 

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 

15 interface layer, 

20 

25 

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 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 

25 P611097-01 (Mll-182) 

Page 143 of 339



5 

10 

15 

20 

25 

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 1, 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 I 0, wherein 
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15 

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 1s 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 

20 material. 

25 

16. 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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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 

lnventor(s) 

Applicant( s) 

Satoru ITO, Hyogo, JAPAN; 
Yoshiya MORIYAMA, Toyama, JAPAN; 
Hiroshi OHKAWA, Toyama, JAPAN; 
Susumu AKAMATSU, Toyama, JAPAN; 

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 (POX) program or contains a proper Request to 
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Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO 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 US PTO 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-HAL T (1-866-999-4158). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/665,305 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 390 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 620 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 250 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 16 (37 CFR 1.16(i)) 
minus 20= OR X 62 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 250 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1260 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 

Page 164 of 339



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/665,305 

53080 
MCDERMOTT WILL & EMERY LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

10/31/2012 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Satoru ITO 085393-0941 
CONFIRMATION NO. 6981 

POA ACCEPTANCE LETTER 
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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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JAPAN PA TENT OFFICE 
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This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 

W m& if Jj B 
Date of Application: 

In /NJ[ w % 
Application Number: 

; { 1 J ~ %1 I::: J: 6 Jl- 00-"._ (TJ ,'±', /ffi 
\::: ffl \,' 6 1J'.-5t ffil C") 3::. ~ (TJ * i;f 
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The country code and number 
of your priority application, 
to be used for filing abroad 
under the Paris Convention, is 

A 
Applicant(s): 

2010~ 9}=j14B 

1'1'mll'l 2 0 1 0 - 2 0 5 5 9 9 

JPZOl0-205599 

tt~ ~t )T * 1[ 
Commissioner, 
Japan Patent Office 
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Jv/JJl O 6 b__l::_1:10mt~tlk~lJylJ ::::t>/JJl O 7 b ~i.J-.GtJ:.60 

(0008] 
o:t:, CK! 1 2 ,=~T J:: 7 {:, p MI S r- 7 > :J 7' !Y~JiOJ¥!Ji::t£:tlJ 1 0 0 t= p 2:fil::fMi. 

!Jo/] ~ iJ AT 6 2:::. ~ t: J:: --::;, c , if - r- ffi:ti 1 2 3 a OJ rwi fflU (: :.c :7 7--. 5- > Y 3 > tJl ti 1 O 8 a 
~ 70.llX L,, n M I S r- 7 > :J 7' !7 t1tti OJ¥!Ji::t£t!x 1 O O t: n 2:fil::ftt!Jo/J ~ ,iJ), T 6 2:::. ~ t: 
J::--::;,c, if-t--ffl:til 2 3 bOJrwifflUt::.c:77'5->Y3>tJtti1 O 8 b~10,!lXT60 

(0009] 
~,xt:, ¥-tJ1::t£tJx 1 o o LOJ~Tiot: Y lJ ::::t >i®Mt/JJ&U'y lJ ::::t >~1t/JJ~li[l~)X.tlHt L, k 

{f, 1/ lJ ::::t >~1t/JJ&uY lJ ::::t >i®Mt/JJ(:x-;f L, c ~7711'1:.c ,y 5-- > Y'~fr 7 o ~ tlt: J:: !tJ, 
CK! 1 3 ,: ~T J:: 7 ,: , Jf'- r- ffi:ti 1 2 3 a 0) rwifflUTio --1:::_ ,: , 1/ 1) ::::t > ~1t/JJ 1 0 9 a }3z u 1/ 
1J::::t>~1t/JJ11 O ai.J-.Gt~o'!t-1' Ft):;;t-Jv7'~-'!tl 11 ai.Ji70$t~tl6~~t:, if 
- t--ffl:,ti 1 2 3 b OJrwifflUTiiJ--1:::_t:, 1/ 1) ::::t >~1t/JJ 1 O 9 b &lfy lJ ::::t >~it/JJ 1 1 Ob i.J-. 
G t~ 6 'if' -1' Ft) :;;t - Jv 7' ~ -'if' 1 1 1 b i.Ji:ff~.llX ~ tl 6 0 -f OJ{?t p M I S r- 7 > y 7' !7 tJl 
tiOJ¥iJ1::t£tJx 1 o o (: p2:fil::ftt!Jo/J~!JJ,T 6 ~ ~ t: J::--::;, c, if- t--ffl:ti 1 2 3 a&u"''!t 
-1Ft):;;t-Jv7'~-'!tl11 aOJrwifflU(:',/-7' Fv-1'>t1tti1 1 2 a~J0,/lXL,, nMI S 
r- :J >:J 7' !Yt!UiOJ¥iJ1t£tJx 1 o o (: n2:fil::ftt!Jo/J~!JA T 6 2:::. ~ (: J::--::;, c, 11'- t--ffi:ti 
123 b&lf'!t-1' Ft):;;t-}v7'~-'!tl 11 bOJrwiffllJ(:',/-7' Fv-1>t1tti1 1 2 b~70 
.llXToo J,,.j,J:.OJI.f3H:J::--::;ic, CM I S~~i.Jifb,llX~.t'Loo 

(51cfrHzfl;r:xm:fu 
( 1Mi~-'f :xi¥i:kJ 

(0010] 
(1Fti~-'f>e1¥i,k 1 J T. Schram fth, Novel Process To Pattern Selectively Dual Diel 

ectric Capping Layers Using Soft-Mask Only, 2008. Symp. On VLSI techonology 
, P.44 

(3%BJ=I OJllll~J 
(3%BJ=Ii.JiWl!d( L, J:: 7 ~ T 6 §!~J 

( 0 0 1 1 J 
~U.iz1! OJ J: 7 t~ CM I S ~~ ~ {iffl L, c, ~tct 6 rl!itll ffi:ff ( V t h) ~ ~T 6 ~i&: OJ r- 7 

> Y 7' !7 ~¥!J1t!fUl[gJ!ffipg (:fbmtT 6 ~ ~(:, ra'Jili1JfJ=:i.Ji~* ~ tlo [g_]!ffic li{Ei.; V t h 
r- 7 >:} 7--. !7 ~, {Ei.;7' 7 > /'\-4 lJ - :7 i.Ji~* ~ tlo [g_jlffi c lira':! V t h r- 7 >:} 7--. !7 ~ '[iffl 
T 6 -.:: ~ t: J:: --::;, c, J:: tJ ra':! 111:~Et~ ¥!J1t*fl[g_]lffi~u"r ~ fb,llXT 6 -.:: ~ i.JioJ ~E ~ t~ 6 o 

(0012] 
CK! 1 4 li, r- 7 >:J 7' !7 ,:.B~t 6~5Z1J1±*00i&:~ JmfOffi:ifit~ OJ00ii~~l,-CV•6c CK! 1 

4 t:.BP c Ii, ~5eJJ1±$00i&:ftll ~ ~1t~ --ttt~i.Ji G, -f tl-z'.f1.0J~11J1±*00i&:ftll c~ t> r'a':i P 
i§f[Jffl:ifiti.Ji{~ G tl 6 J:: 7 (: r- :J > :J 7' !7 T--V > :t- }v pg ::fttm ~ ~IE L, t-=:~i';'O) j, :J > :J 7' 

!YitffifDffi:ifiE~ ~t~ 6 2 fi~ OJ ',I - 7'7J-7 1J - :7 ,:~ i., \cli&:t.lc~ L, -c v \ 6 0 

( 0 0 1 3 J 
[:Kil 4{:~TJ::7(:, nMI S r-:J>:J7'!7Bzu"'pMI S r-7>Y7'!70J-ft1-rt1(:.B 

Pc, ~5ZJJ1±*00f{,((::xt L, c JmfDffl:ifiti.Ji~* ~ t~ QJ~~i.Ji~t~--::;, c P 6-.:: ~, Bzu, roJ t:!J 
ffi:;J:fil OJ r- 7 > :J 7' !7 c cit)--::;, c t;, ',/ - 7--. 7J 7 lJ - :7 i.Ji~tJ:. 6 r- 7 > :J 7' !7 OJ Fa~ c Ii, i§f[J 
ffl:ifiti.Ji~=k ~ tJ:. 6 ~5e1J1± *OOi&:iJi~t~--::;, c v \ 6 2:::. ~ i.Jit--> i.J-. 6 o 

(0014] 
ro], 1~5e1J1±*ooisu ~li, MIS r-7>:J7--.!YOJffi:mti'l'ii.J"G*6DGtl6i±*OOi&:c 

cit)--::;, c, ][g;g~11L~ ~~OJ:.c;t-;v~-~11L~ OJ~~~T!Jo/1·11:lfJtJ:.1±*00i&:t:ii\e~IJJtj=t OJ~ 
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11LtJ: ~"O):J!tY~~1J□~T 6 ~ ~ i: J:--::;, 'ti~ Gt16o :t t:::.., CK! 1 4 i:~T 1tt§faffi:ffiEJ ~i, * 
flL if - r- $1 ~ t:::.. tJ 0) ,llt1Jffi:ffitc c1t>--::;, --C, r- 7 > :J 7-.. !7 0) ,llt111J ~ ~ L 't Ir\ 6 o 

( 0 0 1 5) 
~ ~ ;s c, Pfr~ 0) V - 7-.. 7J 7 lJ - :7 ffi:ffit& uV t h (~1f ffi:EE) i::xt L 't *'.St1J1± *111~ 

h\ n M I S r- 7 > :J 7-.. !7 t: .BP 't tJ::11:\.;T ~\ p M I S r-- 7 > :J 7-.. !7 t:.:s P 't lii'aJ T 'e'' 6 ±i 
cS', T-v > ::f Jv pg :-t=Ml.W~& ~ i'aJ < il'.ze: L tJ: tt tH:ftJ: G iJ:. tr\ 0) c, r-- 7 > :J ;z !7 !®faffi:ffit 
iimTT6o :tt:::.., pJT~O)V-7-..7t7 1}-:7ffi:ffiEBzcYV t hi::xtL't*'.StM±*ll1~7'JinM 
I S r-- 7 > :J 7-.. !7 t: .:8 P 't iii'aJ T 'e'', p M I S r- 7 > :J 7-.. !7 t: .BP 't ii1l\.:T 'e'' 6 ~cS", V 
t h ~~O)f:::..&')O)y-y > ::fJvpq:-t=*il!.W~+nt:~}\_ c ~iJ:.Pt:::..66, -tr·:f;z v ,>' 1/ 3 Jv Fti 

111=.h\,ffi1tT 6 O)c' 7J7 1) - :7 ffi:ffit-'.ze::~H4Tc 0) [' 7 / 1/ A !7 !®faffi:ffit~ifr\; TT 6 0 

(0016) 
tu:--::;, 't, ~~ 0) V t h ~ &_,~ ~ T 6 4~W*ff[g_]~~@'. t: .:8 P 't, --f tl-i' t10) V t h c 

OJ 1--- 7 > :J ;z !7 'lli1Jffi:ffit~t-i::kt= T 6 t:::.. 66 t= Ii, ~i;J:_ 61±*111f'1 ~~T 6 ~~O) Jf- t-- ti 
m ~ 1 T ,y :f pq t: Jt;nx:T 6 ~ ~ h\&.\~ ~ tJ: 6 o 

(0017) 
Lh\LfJ:iJ\G, ~IJ3£0)f,E*0)4~1*~@'.0)~J£7J$i:.:sP-Cii, nM IS r-5>:J7--!7 

& zY p M r s t-- :J ::,,,, :: ::z.. !7 0) -z- n--z1 n, = .:s 1r , -c - fm~ 0) 1± * 111 ~ L iJ "~'.zE c ~ tJ: 1r \ C 

( 0 0 1 8) 
~iJgci= iru.:d}-, ::$:¥E.BJHi, if- f" *e,~mn= h i g h - k Jll ~ rim L t:::..M I s tim OJ4~1* 

~@'.t:.t3t \'t, Iiv\i=~iJ:.61±*111~~~T 6~~0)[o]-~ffl'W r-- 5 ::,,,,:,:: ;z !7 ~~~t 6 ~ 
~ ~ aJ~tt: T 6 ~ ~ ~ § lfJ ~ T 6 o 

(iJ~~W!!~T 6 t:::..&00)cf:M,t) 
(0019) 

~1JgcO)§lf]~~Jrx:T6t:::..&0i:, ::$:Jll'[¥E.BJ:J~Gii, ~iJ:.61±*111~x~~T6if- t--ti:J£ ( 
Jf- r- *e~Jll ~ ij' - r- ffi:t~ ~ 0) ;z !7 '1/ :7 tlm) ~ 11' V) fl' ~t 6 7J ~ ~ L -c, n M I s m ~ -v 
'1/ 7° Jll--'? p M I s m ~ -y '1/ 7° Jll 0) lllw ~ ~ ;t 6 7)$' Bz (_)';' [' 7 / 1/ A !7 fiH = ;J. !7 Jvffi:t~ 
~11' vJ :51-~t 6 7J'i~~ ~tiit L 't ,l}.f:::.. h\, ~ G f1'0)--Jj$1it \9,(1 t ~1-a-I}'_¥0)::;k:$itJ::t:1"11J□ ~ 

tB < O)c, *JtilfJclifJ:Po 
(0020) 

--f ~ c, ::$:JU[¥E.BJ:J~ G ti, ~ G tJ: 6 t~it ~1T--::;, t:::.. *B~, if' - r- tl1-a-O)Jf;Jrx:1ftt:, if- r­
~:e~Jll O)mz T Ji~ timtT 6-WOO!i 0) W ~ ~ mtRlfJ~1U= J: i) :t:!"l::k ~ it 6 ~ ~ ,: J: --::;, 't, ~ 
tJ: 61±*111~~~T 6 if'- r- tim~1t tJ :51-~t 6 2:. ~ t::!1t:¥1J L ko 

(0021) 
J:! 1ilfI t: Ii, ::$:¥E.B]=Jt: 1#;6 4~1*~@'.li, [a] t: ~ffl'W O)ffi 1 0) M I S r- 7 > :J 7-.. !7 Bz u 

M 2 0) M I s r-- 7 > :J ;z !7 ~ [a] t: 4~tf £tJJ:J::. t: ~ T 6 4~1*~ @'. c c1t> --::;, 't, ~u gcffi 1 0) 
Mr s t-- 5 ::,,,,:,:: ;z !7 ,i, ~iJgc4~w£tNt=.:s~t 6 m 1 O)~s,11=.~JtiJ::.1:ffJmt~ nt:::..M 1 O)if' 
- t--*e,~Jll~, ~UgCffi 1 O)ij'- r--*e,~JllJ::.t:Jt;mt~nt:::..M 1 O)if- t--ffi:t~~ ~,ffm;z., ~iJgc 
m 2 0) M r s r-- :J >:: ;z !7 ~-t, ~ugc4~1i£tixt= .:s tt 6 m 2 O)is-'11=.ffltiJ::.t= Jt;mt ~ n t:::.. m 
2 0) if - r- *e,~Jll ~ , ~u gem 2 0) if' - t-- *e,~Jll J::., = ffJmt ~ n t:::.. m 2 0) if' - r-- ffl:t~ ~ ~ 1im x. 
, ~UgCffi 1 0) if- r- *e,~ijJJi, ~Ugc4~1i£tJJ: ~ tiT 6 M 1 0)-7r-0Iifi ~, ~Ugcffi 1 O)-Tr-00 
fiJ::.t:Jt;mt~nt:::..M 1 O)i'aJ§lffi:$:*e,~JJI~ ~~d}-, ~UgcM2 O)ij'- r-*e~Jllii, ~Ugc4~ 
1i£t1x ~ tiT 6 m 2 O)woom ~, ~ugcg 2 0)-Wuafi J::.t:Jt;nx: ~ t1't:::..M 2 oJ i'aJ§lffi:$:*e~Jll 
~ ~~d}-, ~UgCffi 1 0)-7r-ai]fjO)M[~ ii, ~iJgcffi 2 O)WOii/iO)M[~ J: i) 'BWPc 

(0022) 
::$:¥E.B]=Jt:{#;64~1*~@'.,: J: 6 ~, ffi 1 O)M I S }-- 7::,,,, 1/ 7-.. !7 t:.:s~t 6 if- r- *e,~JjlO) 

-WOii/iO)M[~ii, Ml 0JMI S }--7::,,,,y;z!7~[o]t:~ffi;tf!lO)ffi20)Ml S }--7::,,,,:};z!7t: 
.:Btt 6ij'- f'*E_,~Jjl0)-7r-OiiJiO)M[~ J: [') '8WP 0 2:. O)f:::_6(), ffi 1 O)M I Sf" 7 /1/ A !7 0) 
ij'- r--*e~JjlO) E OT 1.)\:t:!"l::kT 6 O)c, M 1 O)M I S r- 7::,,,, :J 7-.. !7 0)*5t1J1±*ll1~h\:t:1"1::k 
Too ill:--::;,L, if- r-*e~ijJi: hi g h-k]ll~,(iJtiLt:::..M I St#J£0)4~tf~@'.t:.t3P 
't, Iiv\t:~iJ:.61±*111~~~T 6~~0)[o]-~ffi:W r- 7::,,,, :J ;z !7 ~~tt 6 ~ ~ iJ\aJ~t~ 
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fJ:_ Q o 

(0023) 
*~sm:1*0"¥-lJw~L!'I,:-BP--c ~ul:lcm 1 OJ 1f- t--ffi:i'~OJtuoo--1::.,:iim 1 O);t~%i'l4.A 

~-y ~·fr- L, --cm 1 O)y.-{ F r:'.7 :;t-1v _:::z_~--!j--1Ji70Jvt~ tt --c -B VJ, ~iJgcm 2 O)lf- t-- ffl:i'~ 
OJtUTiaJ:.t= tim 2 OJJt,&~114.A~-y ~* L, --cm 2 O)y 4 Fr) :;t - ;r.,, _::;z_~-y/Ji70,Jrt~ t1 L 
.B VJ, ~Ul:lcm 1 OJ;t~{iel4__:::z_~-yOJJ]1~ 1i, ~Ul:lcm 2 0J;t&~114__:::z_~-yOJJ]1~ J.: tJ B~ < 
--ct> J.: po ~ OJ J.: -5 (: 9 o ~, lf- t-- :,j;jjgOJff3BX13z, Y 4' F r:'.7 :;t -}vA ~ -y 0)70J»t~u ,: 
, ~:JR~1t~ff-5 ~ ~(:J.:"JL, m 1 OJM IS r-7/1/A:7(:.B~tol:f- r-;t&~DOJWTia 
!i~f!1<9o~~!Jic~oo ~OJ~5, ~Ul:lcm1 OJ;t~~111:_:::z_~-yti, I'¥tk:OJWfo'a70~ 
~-ti-::::>7J-7-l? ,y t-- _:::z_~-yc-~ vJ, ~ul:lcm 2 O)Jt,~~,14._:::z_ ✓--z-yii, L'¥~0JWfTiaJ0tk:~-ti 
-::::>Tti!1_:::z_~-Yc~":)--CBJ.:Po ~t-=:, ~Ul:lcm1 OJl:f- r-ffi:l~1i, ~Ul:lcm1 OJi'aJg*ffi:$;tfl 
~DJ:.,:70,Jrt~ttt-=m 1 C/)~~131:rD~, ~ul:lcm 1 0)~~131:fDJ:.t:70nx~ttt-=m 1 O)y 
1J ::::r >nt ~ ~13,;z;., ~ul:lcm 2 O)lf- t--ffi:i'~ti, ~ul:lcm 2 0) i'ajg*ffl:*1Mt~DJ:.,:ffJmt ~ ttt-= 
m 2 0)~~131:rD~, ~ul:lcm 2 v)~~f?irDJ:.t=J0mt~ ttt-=m 2 OJ1/ 1J ::::r >D~ ~13,;z;., 
~Ul:lcm 1 OJ 1/ lJ ::::r >D ~ ~Ul:lcm 1 0J;t&~111:_:::z_~-y ~ OJ Fa~(: 1i"Y lJ ::::r >~itD!JifrtE L, --C 
-B vJ , ~ul:lcm 2 0) 1/ ,; ::::r > D ~ ~ul:lcm 2 OJ¥e~'l4.A ~ -y ~ :ti L, --c P--c t> J.: p O ~ ~ c, 
~Ul:lcm 1 O)y I} ::::r >DJ:.t:iim 1 0)~~1/ lJ y.-{ Ffi/Ji70J»t~ ,h--C .B vJ, ~Ul:lcm 2 OJ1/ 1J 
::::r ✓ DJ:.t= tim 2 O)~~ 1/ lJ Y .-{ Ffi!JiffJJ»t ~ t1 --C P --CB J.: PL,, ~p ti, ~Ul:lcm 1 OJ)t 

114.iiJUi ~ ~Ul:lcm 1 OJY ,{ Fr) :;t - ;r.,, _:::z_ ~ -y ~ OJ Fa~ t: tJ 1/ 1) ::::r >~1tD!JifrtE L, --C" \--CB 
J.: Po ~ k, ~Ul:lcm 1OJ;t~~,14._::;z_~-yffi:.u"'~Ul:lcm20J;t&~114._:::z_~-y1i"Y lJ ::::r >~1tD 
/J\ G i'iox ~ ,h.--C P --CB J.: Po 

(0024) 
*~BJH:1*6"¥-l§!ff~@'.(:.t3P--C, ~iJgcm 1 OJM I S r- 7 ✓ 1/ _:::z_ :7 &cY~Ul:lcm 2 OJM I 

s f' 7 ✓ 1/ A :7 tip MI s f' 7 /1/A :7 c~ tJ' ~Ul:lcm 1 O)i'ajg*ffl:*~1&~D}'ku~Ul:lcm 2 
vJr'aJg*ffi:$;te~Dti7 Jv ~ ::::- r) b. ~13if L, --C" \--CB J.:" \0 ~ OJ~5, ~Ul:lcm 1 OJ 1f- r- ;t& 
~Dti, ~ul:lcm 1 O)i'ajg*ffi:*¥e~DJ:.1:70ox ~ ttH-::::> 7 1v ~ ::::- r:'.7 b. ~~if9 om 1 0) ::\°-f 

0 lfl'l'-f:~ ~ f' .L'>... ~-;:::rA-k'- J..,>' l.. -t.a,,;,.~~ + ~-;::[A-A- ~--'f;:,ffird--c-t.!l-,,;,.~lfl'I' L . ~~j.. 
'1//!J:'k'C::. C 9,:i3,7;., fc!UaL~ 2 0),/ - l'iflt:JJ~n:;kLc/.-, fc!UaL~ 2 O)i'aj5J:Ji'g+i]';t,.i)~!J:'k_L\=JI//J,X.,C' 
tlH-::::> 7 Jv ~ ::::- r) b. ~ 13if9 6 m 2 OJ::\"- f ,;1 7°D ~ ~ Gt: 13 Iv c" "--Ct> J.: ""c 

(0025) 
*~B}H:{*o~lJ1*~@'.(:.;BP--C, ~Ul:lcm1 OJMI S r-7 ✓ 1/0 A:7&u~iJgcm20JMI 

S r- 7 > :J _:::z_ :71i n MI S r- 7 > :J _:::z_ :7 c~ tJ, ~Ul:lcm 1 OJi'aJg*ffi:$~:&~D&u"'~Ul:lcm 2 
O)i'ajg*ffi:$¥fl~Dti 7 ✓ :7 ✓ ~~if L, L" "LBJ.:" \0 ~ OJ±i5, ~Ul:lcm 1 O)!f- [' ¥e~D 
ii, ~iJgcm 1 O)i'ajg*ffl:**~~DJ:.t:70nx~ ttH-::::> 7 > :7 > ~13if9 om 1 OJ::\°-f ,y -::tD~ 
~ G t:13,;z;., ~Ul:lcm 2 vJl:f- r-¥e~D1i, ~Ul:lcm 2 OJi'aJg*ffi:$¥&~DJ:.(:70J»t~ tlH-::::> 27 
> :7 > ~~if9 6 m 2 OJ ::f- f '1/ 7°D~ ~ Gt=~ lvc P--C BJ.: po fi16, m 1 O)i'ajg*ffi:$;t&~ 
D, m 2 vJr'aJg~ffi:$;te~D, m 1 OJ::f-f ,;17°D, m 2 OJ::\°-f ,;1 -::tD!Ji, 27 >:7 >1:·f,x --c 
, Dy (:J_::;z_ 7°P"Yr:7b.) , Sc (_::;z_--JJ >:Jr)b.) , Gd (j:J ~, lJ ::::-r)b.) ~131:fL,--Ct,'> 
--CB J.: Po 

(0026) 
*~sm:1*0"¥-lJw~L!'I,=-B""--c, ~ul:lcm 1 O)i'ajg*ffl:**&~D&u'~iJgcm 2 O)i'ajg*ffl:* 

;te~Dii/'\ 7 ::::- r:'.7 b.}Zti:J 1v ::::r ::::- r:'.7 b. ~~ 1v c", --ct> J.: t "o 

(0027) 
*~sJH=1*o"¥-lJw~L!'I,:-BP--C, ~ul:lcm 1 OJWTiafi&zY~ul:lcm 2 OJWOO!iti"Y 1J ::::r > 

~1tD/J\ G i'lmt ~ t1 --C" "--Ct> J.:" 'a 

(0028) 
*~sm:1*0"¥-lJw~L!'I,:.BP--c, ~ul:lcm 1 O)r'ajg*ffl:**&~DOJw~ ~, ~ul:lcm 2 O)i'aj 

g*ffi:$;t&~DOJW~ ~1i*J~Jf)(:fo]Cc~"JLBJ.:t,L,, ~Pii, ~Ul:lcm1 O)lf- r-ffi'.l~ 
OJttf.:/- ~, ~iJl:lcm 2 OJlt'- r-ffi'.l~OJ:t:t't"l- ~ ti*ffEf] t: foJ Cc~":) --CB J.: Po 9tJ:b ~, * 
~BJH=:1io"¥-lJ1*~@'.t:.BP--C, m 1 OJM I s r- 27 ✓ 1/ _:::z_ :7 &cfm 2 OJM I s r- 27 ✓ 1/ _:::z_ 
:7 (i, ft[filfi OJ}!1~ ~~PL, *j1fEf](: foJ C Jj'- f' fiJB:~if L, LPL BJ.: po 
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(0029] 
:;i1s:~sm= 17k6 ¥llff~llin= ;J3 l "-c ~ul:lcm 1 0) M r s t-- 7 :,,,-y A 7 0)*~111± $~~tt, 

~Ui:lcm 2 O)M I s j, 7 ✓ 1/ A 7 O)*~:fJ1±$~itJ:: iJ ti~< L ti J:: I, \0 

(0030] 
~ t:::_, :;ijs:~BJH:1i64ll1*~@".0)ffi!J:rg7'Ji1Ji, m 1 O)ir3i11'11t1'jJjBzzJm 2 O)ir3i't1:tJ!Jj~if 

'9 6¥lli*£i'JLI:.(:, -WOOfiL ~§lffi:-°¥$fl~ITTI&u~if- t--ffl:t~tt'¥4ITTI~/l[lll)XM/Vt9 6Ifi 
( a) ~, ~Ui:lc 'f- I'- ffl:t~tt'f+JJI, ~Ui:lc~§lffi:$*€1.~ITTI& u~~Ui:lc-Waafi ~ /'\ 7 - ~ Y :7'9 

6 2: ~ ,= J::--::, --c, ~ul:lcm 1 O))r3i't1:tJti1:.,:, ~ul:lc-Waari&u,~ul:lc~§*ffi:**&itlITTI~~trm 
1 0) if- I'- $B'f/iJJI ~* L --C, ~Ui:lcif- J, ffi:t~ttt-'/-Jmn\ G iJ: 6 m 1 0) Jf- I'- ffl:,t_i~ jf:;Jrx:9 6 
~ ~t=, ~ul:lcm 2 O))r3i't1:tJti1:.,:, ~ul:lc-WOOfi&D{~ul:lc~§*ffi:*1/ie~ITTI~~trm 2 O)Jf­

i-.. $E~ITTI~1r L --C, ~Ui:lcif- 1' ffi:t~tt'f+Jmn\ G iJ: 6 m 2 O)Jf- t--ffi:t~~M,W<:9 6 Ifi ( b 
) ~, ~Ui:lcifi ( b) O){!tt=, ~Ui:lcm 1 O)if- I'- $E~JJI(:;:f3tt 6 ~Ui:lc-Waafi 0) w~ ~iHR 
ITT ( = w < 9 6 Ifi ( C ) ~ ~ 1Jffi ;t L I, 'I 6 0 

(003 lJ 
:;i!s:~B/i (: 1i6 ¥llff~ll'L O)ffi!J:rg7'J$t: J:: 6 ~, m 1 0) M I S 1' 7 Y :J _7 7 ,: B tt 6 lf-

f' $B~ijf O)-JT[filfi O) M[ ~ ~ ~1RITTt:M[<96 t:: r1J, m1 O)Mr s t---:JY:J_770) 1f-t--*e 
~ITTJ;O)EQTf.)~*9,60)c, m10)MISJ-..7y:}_770)*~1±$~~7J~*9◊c ~ 
--::, --C, if - I'- $E~ITTI t: h i g h - k ITTJ; ~ &!=Ii L k M I S :f#JE: 0) 4ll1*~ @". t-=: BP --C, Ii_ P 
(:~IJ: 61±$~~~1J9 6~~0)fo]-,!Jffi:W r- 7 Y :J _7 7 ~§~~t 6 2: ~ n,;ciJj'jl§~ iJ: 60 

(0032] 
:;i1s:~sm= 1i6 ¥llff~@". O)ffi!JJE:7'5tt:t= BP --c, ~ul:lciti cc) ~i, ~ul:lcm 1 0) 'f- t-- ffi: 

t~Bz u"'~Ui:lcm 2 0) if- I'- ffl:t-i~if.e~ITTJ;(: J::--::, --C,71--::, td!z, ~Ui:lcm 1 u)lf- 1' ffi:t~~ 11 ~ ~u 
l:\C$E~Jmt=xi L --C J~tRITT t= :c '1/ -=r Y :7' ~ ff P, -f O)ffz, mt1t9J:!:f1U= J::--::;, --C ~Ui:lcm 1 0) if-
1'- $E~Jmt:B~t 6 ~Ui:lc-Waafi ~ W < 9 6Ifi~~ Iv cP--C ti J:: Po 2: 0) J:: ~ ,: 9 6 ~, m 
1 u) M r s i-.. 7 ✓ -YA 7 t= Bit 6 'f- i-.. *e~ITTIO)-Waafi 0) w ~ ~ ut*t=~tRITT t=w < 9 6 
2: ~ n\c ~ 6 0 2: O)~ts', m 1 O)Jf- i-.. ffi:t-i&u"'m 2 O)ij'- i-.. ffl:t~~11 ~ *&~Jmii, 1:ru.:t 
~iY 1J ::::r Y~1tITTic d':>--::, --C ti J:: Po ~ k, m 1 O)M I S r- 7 Y :> _7 7 t:Bit 6 ij'- 1' if.Eitl 
ITTJ;0)'7r-rnJfiO)M[~ ~~tRITT,=w < 9{Sf::_&)O)mt1t9J:!:fUi, 1:rU.:t(i, mt~~if~lff!Y1i$c0) 
j~9J:!:fl)Ui-:f-:J _::;("'<9J:!:flc d':> -_:;, --C ti J:: Po ~ t::, ~Ul:\c,3/'- 1' ffi:t~ttt+Jmti, ~Ui:lc~§lffi:$ 
$E~JJIJ::.(:Mmt~ tlk~~~ifITTI ~, ~Ui:lc~~~ifJJIJ::.t=Mmt~ nt:: 1/ 1) ::::r :,,,JJI ~ ~~<ij. 

, ~Ui:lcifi (c) (:;:f3P--C, ~Ui:lcm 1 O)if- l'-ffi:l~O)fflUOOJ::.t=lff!1¥96~Ui:lc1/\E~ITTI~, ~u 
l:lcm 1 O)ij'- J-..ffl:t~i=B~t 6 ~Ul:\cY lJ ::::r YITTJ; ~ O)Fa~(:, Y 1) ::::r Ymt1tITTin,;Mmt~ t1 --C ti J:: 

(0033] 
ro], :;ijs:~8/j t= 17k6¥llff~u'LO)ffi!J:rg7'J$t= Bl, --C, ~ilffl:$if.&~ITTI~M/r5t9 6 Ifi ~, 

ij' - 1' ffi:t~ttt+ ITTI ~ M rot 9 6 Ifi ~ 0) Fa~ t:, ~ ilffl:$if.&~ITTI J::. t =, ~ f i ffl:EE ( V t h ) ID5.I 
~m~~~~tl~ -v '1/ -:fijf~MJ»<:9 6IU~~ lvcP--C ti J:: po 

(~B}=J O)~jJ:~J 
(0034] 

:;i!s:~B}H: J:: 6 ~, if- I'- if.EitlJWt: h i g h - k ITTJ; ~&!=Ii L t::M I S :f#JE:0)4lJ1*~@".(: 
BP--C, ]i_p(,::~tct61±$~~~1JT 6~~0)fo]-,!Jffi:;,fl j-.. 7 Y:J _7 7 ~~it 6 2: ~ n~ciJ 
j'jl§ ~ iJ: 6 0 

(LK!OO 0) M ~tctl:\£BJ=JJ 
(0035] 

(LKJ 1 J LKi 1 ~i, -*JJtEM~t=17k6¥ll1*~@".0)ffi!J:rg7'J$0)-Ifi~~9WfrnJLK! (ij' 

- r-~7'JftiJO)W(rnj[KI) cd':>60 
(LKJ 2 J LKI 2 ii, -*JJtEM~t=17k6¥ll1*~@".0)ffi!JiEi'7'J$0)-Ifi~~9WfrnJLKI (ij' 

- r-~7'JftiJO)W(]lo[KI) cd':>60 
([Kl 3 J [Kl 3 ii, -*JJtEM~t=1i6¥lJi::$:~@'.O)ffi!J:rg7'J$0)-Ifi~~9WfrnjLKJ (if 

- r-~7'JftiJO)W(]lo[KI) cd':>60 
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([2] 4 J l2l 4 ~i. -*ME10~t= 1io 4:iji1*~@'. Cl)~JB:7J$Cl)-_:1:J~'Hi:- ~9!iffOOl2l C 1f 
- r- -!~}5 IOJ Cl) !iff ]Ijj [2]) c ~ 6 o 

([2] 5 J l2l 5 ii, -*JJ1E70~{=1i64:iji1*~@'.Cl)~JB:7J$Cl)-_IJ~'E~~9!'tff00[2] (If 
- r- ~7JIO] Cl)!'tff00[2]) c ~ 6 o 

([2] 6 J l2l 6 ii, -*JJtE10J'1H:::1;r~64:ij11*~@'.Cl)~JB:7J$Cl)-It'E~~9!'tffOOl2l (If 
- r-~7JIOJCl)!iff00[2]) c~oo 

([2] 7 J l2l 7 ~i. -*ME10~t=1i64:iji1*~@'.Cl)~JB:7J$Cl)-_If'E~~9!iff]Ijj[2] (lf 
- r-~7JIOJCl)!iff00[2]) c~oo 

([2] 8) l2l 8 ii, -*JJ1E70~{=1i64:iji1*~@'.Cl)~JB:7J$Cl)-_If'E~~9!'tff00[2] (If 
- r-~7JfqJCl)!'tff00[2]) c~oo 

(l2l 9 J l2l 9 it, -*ME10~i:::1;r~6"¥:ij11*~@'.Cl)~JB:7J$Cl)-It'E~~9!iff00l2l (If 
- r-~7JIOJCl)!iff00[2]) c~oo 

(l2l 1 o J l2l 1 o ii. -*ME10~1= 1io 4:ijitf~rnr,= .:B ~to ~1rffi~1tJJtw c E o T) 
~r-7 ✓ 1/A7Cl)*~ft$OO~~Cl)oo~~~9l2lc~oo 
([2]11) [2]11~. ff*Cl)4:iji#~@'.Cl)~JB:7J$Cl)-_I~~~9!'tffOOl2l(Jf-}--~ 

7J fqJ Cl) !iff ]Ijj [2]) c ~ 6 o 

([2] 1 2 J [2] 1 2 ti. ff*vJ4:iji#~@'.Cl)~JB:7J$Cl)-If'E~~9!'tffOOl2l (If- r-~ 
7J IOJ Cl) !iff 00 [2]) c ~ 6 o 

([2]13) [2]13~. ff*Cl)4:ijitf~@'.Cl)~JB:7J$Cl)-_I~~~9!'tff00[2](Jf-}--~ 
7J IOJ Cl) !iff 00 [2]) c ~ 6 o 

([2] 1 4 J l2l 1 4 (i. c:f--1<?-Jv F- ;;(~3£11:/~- -tt-c V-A:;:t-7 1J -::7 ~-Ji::(:::g)¼:JEL 
t::. r- 7 ✓ 1/ A 7 (::::Sit 6*-/;:1Jft$00~~ J1®faffi:iftt~ Cl)OO{i~~9[2)c~60 

(3'eBJ:J ~ *JJlE9 6 t:::.. (/) Cl)70~J 
(0036) 

tJ~. :2js:3'eBJ=ICl)-*JJtE10~i=1i64:iji1*~rnr&u•{-z- Cl)~JB:7J2d:::-=>P't. l2l00 ~$~-1,t L 
tJ:../J"> G g5tBJ19 60 

(0037) 
[2] 1 ,___,[2] 9 (i. **JJtEyf;~(:::1i64:iji1*~@'.Cl)~JB:7J$Cl):&It'E~~9!'tff]Ijj[2] (If- r­

~7JIO] Cl)!'tff]Ijj[2]) c ~ 6 o f5'1. [2] 1 ~[2] 9 (::: .BP -C. -=mtitU Cl) rm 1 Cl) p M I S r- 7 / 
VA !7tJUiJ ~ (i. M 1 Cl) p MI S r- 7 /1/ A !7 /J">jf;QX~ t16tJJ:ti~~ L. tiffiUtJ'- G 2 :m 
§ Cl) rg 2 Cl) p M I S r- 7 / V 7.. !7 tlUiJ ~ (i. m 2 Cl) p M I S r- 7 /VA !7 /J">70,QX ~ ,h 
offlti~~L. ti1J:IU/J'-G3m§Cl) rm1 Cl)nMI S r-7 ✓ 1/A7%JitiJ ~(i. m1 Cl)nM 
I S r- 7 /1/ A !7 /J">70]lX~ .notlti~~ L. -=m1r:1J:lljCl) rm 2 Cl) n MI S r- 7 /1/ A !7%l 
tiJ ~ (i. m 2 Cl) n M I S r- 7 /VA !7 /J">70JlX ~ ,h 6 fflti ~ ~9 o 

(0038) 
f5'1, **ME10~t::::s1r,-c~i. m1 Cl)pMI S r-7 ✓ 1/A7lJzu"'m2Cl)nMI S r-7 ✓ 1/ 

A !7 (i, 1:YU ;z_ it. rs':JJJRi:fJ'ff /J">£,~iJ: ,fg V t h (1:YU ;z_ it 0 . l r--.,, 0 . 2 5 V) r- 7 /VA !7 
~ L -C Jti P G ,h 6 o * t:::... m 2 Cl) p M I S r- 7 / VA !7 & V{m l Cl) n M I S r- 7 / VA !7 
ii. 1:1Ux.it. 1gA !7 / /'\,,-f 1) - ::7 /J">£,~tJ:..r'aj Vt h ( 11Ux.it 0. 3 5 r--.,, 0. 5 V) r- 7 / 
1/A7 ~ L-CJ:tiPGt16o 

(0039) 
* 9. l2l 1 ,=~9 J: -5 :=. fJUx.it p _ff!Jy ,; :::::r ✓ TJ" G iJ: -?S4:iji1*£tJx s o Cl) J:.fmi=. fJUx. 

(t:,,, lJ :::::r ✓~1LIJI/J">JEJl ~ .nt::. Y -v t=1 - r- v ✓TTJ" G iJ: 6 ~~:5t?ffttJJ:ti 1 ~:riflfUfH:::10w 
9 6 2: ~ (::: J: --:7 -C. p M I S r- 7 /VA !7 %Ji ti~ n M I S r- 7 /VA 7 fflti ~ ~ II @19 6 
0 2: 2: c. m 1 Cl) pM rs r- 7 ✓ 1/A7tltiC1)4:iji1*£tJxs o ,=.:B~to~~:5tmt:1ui 1 t= 
~*t1k$:5ttJ~ttffl~50a~iJ:~, mzCl)pMISr-7 ✓ 1/A7ffi~Cl)4:iji#£ffi5 
0 (:::;Bit 6~~:5t~ltJti 1 t=~*t1t::.i~:5t/J">)t'l"Efflti 5 0 b ~ iJ: ~. m 1 Cl) n MI S r- 7 
✓ 1/A!7tltiC1)4:iji1*£tJxs o t=.:B~t o~~:5t~lfflti 1 ,=~*t1't::.i~:5ttJ">)15'r1tltis o c 
~ tJ:.. ~, m 2 Cl) nM I S r- 7 ✓ 1/ A !7ffltiC1)4:iji1*£,r)J 5 0 (:::;B~t 6~~:5t?fft%Jiti 1 (:::~ 
~ .nt::.i~:5t/J">)15'1"Efflti 5 0 d ~ tJ:.. 6 o 
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(0040] 
~,x,-::, m1&zrm20JpMI s f'7>-V:A:::1tJUiOJ¥-~1t£t!Js oi:, fUJc..iin!t~~O) 

n ;J:fil~Mi.W ~--1' 7J >1-1Jd-=: J: tJ ~A 9 6 2: ~ t: J: ~ c, n ;J:fil r;1 x.. 1vtJti 5 1 N ~ lf,:;Jrx:T 6 
o ~t-:, mL&umZOJnMI S f'7/YA::7tJtiOJ¥-~it£,r)J5 0(-::, fUJc..if;j{p::,,,~ 
OJ P ;J:fil~Mi.W ~ --1' 7J >1-1A ,: J: tJ ~)\. 9 6 2: ~ t-=: J: ~ --c, P ;J:fil r;1 x.. JvtJti 5 1 P ~ lf:;$:T 
60 !WJ, m1 OJpMI S f'7/YA::7tJti,:~A~t16n;l:ill~ttWOJ~Bt~, mzOJpM 
I S f' 7 > V: A :::1t1ui,=~J\. ~ t16 n ;J:fil~~itWOJ~Bt ~ /.)s;~IJ: ~ c Pct> J: PL, m 1 OJ 
nMI S f'7/YA::71i,-iUi,:~J\.~t16p;J:fil~tt1o/JOJ~Bt~, mzOJnMI S f'7/1/A 
::7 tJiti,:~A ~ t16 P W~ttm OJ~}J'. ~ tJs;~feet ~ c 1t, ct> J: 1t 'o 

( 0 0 4 1 J 
~,x,-::, :eMI S f'7/YA::7tJti~~tl¥-~it£i'Jj5 oJ:.,:, iYUJc..ii1/lJ:::t>~1LmltJ, 

G feet oW~ o. 8 n mf:'EJJ'.OJWuofi 2, &01\, fUJc..t!H f )Ui z r ~ o ~ ~13tlW ~ 1 . 
2 n mf:'EJJ'. OJ ra':i~lffi::$:*e~/JI ( h i g h - k ml) 3 ~ Jl[ij;,xlf:;$;9 6 o 

(0042] 
~,=, h i g h - k ml 3 J:.t:, -fJU Jc.. tf A 1 lJz cf O ~13tl p M I S !ti q- -v '1/ 7ml 4 ~lf;;mt 

L tdit m 1 ,&um 2 OJ n MI S f' 7 ✓YA :::1tJtitJ, Gp MI S !ti q--v '1/ -:7°ml4 ~ ~~ L 
, --z:-OJ13t, hi g h-k/JI3 J:.&cfpM I SJtiq--v '1/-:7°ml4 J:.,:, fUJc..liL a.&cf0~13 
tl n MI S !ti q--v '1/ -=1ml4' ~lf:;nx L td3t, m 1 &um 2 OJ p MI S f' 7 > V: A::$' %JtitJ, 
6 nM I SJtiq--v '1/ -:7°ml4' ~~~Too 2: 2: 7'.2\ pM I SJtiq--v '1/ 7ml4 ~i, pM IS 
f' 7 > V: A::$' OJ*-!;111±~~~~ ra':i < 9 6 2: ~ tJ'>c' ~ 6 ~~!tl~~ ~ L c, fUJc.. ii A 1 (7 
Jv~;=.ryb) ~13~L--CP6o ~t-:, nMI Sttiq--v•1/':7°/II4' ii, nMI S f'7/1/A 
:::1U)*-f;:fJ-f±~~~~ra'J<96 2: ~ /.Js;c ~ Q~~m~~ ~LL, fUJc..iiL a C 5 > ::7 >) ~ 
13~L cv\oc 

(0043] 
~t-=:, pM I Slti~-v '1/ -:7°/II4 J:.,&unM I SJtiq--v '1/ -:fml4' 1:.(:, fUJc..iiT i, T 

a )Ui Ru~~ N ~ ~13tlW~ 5 n mf:'EJJ'.OJ~~13~ml 6, lJzu1JUJc..ii;;:N 1J 1/ lJ :::r >I.J, G 
IJ:6}]1~60nm~BtOJ1/lJ:::r>ml7~ffi~jf;;fjx900 

(0044] 
;,xi:, 7 7J f' lJ 'J /f 27 7 11T-lJzu F 5-1 :c ,y cJ- > :7-~,: J: tJ, 1/ lJ :::r > ml 7, ~~~~ 

ml 6, p M I S !ti q- -v ,y '7°ml 4, n M I Sm q- -v '1/ '7°ml 4' , h i g h - k ml 3 l!,z 01\WUO 
fi 2 ~,1'\::7-;=.::,,,tt'900 2:;t1(: J: VJ, [:RI 2 (S:::~9 J: 7 t-=:, m 1 OJ pM IS f' 7 ✓ YA:::1 

tJtiOJ)15'!1=.tJtis O aJ:.t:if- f'iti&r~/JI5 2 a ~irL--C-Y- f'ffi:l-i5 3 a ~lf;;mtL, mz 
OJ p MI S f' 7 > V: A::$' %JtiOJ~S'l1=.fflti 5 0 b J::J-=: if- f' iii&~ml 5 2 b ~71" L c ij'- f' ffi: 
ti 5 3 b ~ lf;;,W<: L, m 1 OJ n M I S f' 7 ✓ 1/ A::$' %JtiOJ1r3i'r1%Jti 5 O c 1:.,: if- f' M&rf~ml 
5 2 c ~ ir L c ij'- f' ffi:1_i 5 3 c ~lf;;mt L, m 2 OJ n M I S f' 7 > V: A::$' ffltiuJir3i'l''t%Jiti 
5 0 d J:.(s:::ij'- f'iti&~ml5 2 d ~fl"Lc,3/'- f'ffi::-f-i5 3 d ~lf;;W<:960 

(0045] 
2: 2: c, ij' - f' iii&~ml 5 2 a it, WOOfi 2 a ~ h i g h - k ml 3 a ~ p M I S !ti q- -v ,y 

7ml4 a ~ tJ, G feet tJ, ij'- f' ~e~ml 5 2 bit, WOOfi 2 b ~ h i g h - k ml 3 b ~ p MI 
s m q- -v ,y 7°ml4 b ~ tJ, G feet vJ, if- f' *&.~ml s 2 c it, Wuori 2 c ~ h i g h - k ml 3 
c ~ n MI S !ti q- -v ,y -=1ml4 c ~ tJ~ G IJ: I'), ij'- f' ~e~ml 5 2 d it, Wuori 2 d ~ h i g 
h - k /JI 3 d ~ n M I S !ti q- -v ,y 7°/II 4 d ~ I.J, G feet 6 0 

(0046] 
~ k, ij' - f' ffi:t_i 5 3 a ii, ~~13~ml 6 a ~ 1/ lJ :::r ✓ ml 7 a ~ I.J, 6 7J: tJ , ij' - f' ffi:1_i 

5 3 b ~i, ~~13~/JI 6 b ~ 1/ lJ :::r > III 7 b ~ /.), G IJ: t:J , ij' - f' ffi:1_i 5 3 c ~i, ~~13~ 
ml 6 C ~ 1/ 1) :::r ✓ /JI 7 C ~ /.), G feet tJ' ij' - f' ffi:1i 5 3 d Ii, ~~13~ml 6 d ~ 1/ 1) :::r ✓ ml 
7 d ~ I.J, G feet oo 

(0047] 
~,:, CRJ3,-::~TJ:-:)t:, if-f'ffi:li53a, 53b, 53c, 53dOJJ:.~13tl¥-~ 

1t£t!J 5 o J:. OJ~OO i:, fU Jc.. ~i 1/ lJ :::r > ~1tmltJ, G tJ: 6 W ~ 6 n mf:'EJJ'. OJ iii€t~ml 8 ~ lf;;mt 
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900 
(0048) 

O:t-=:, 1g20JpMI S )'>7::.,,-s;;:z37tJlJit::m] □ ~iJ9ov-V_::::z f'/'\37-> ([2J~~~m,;) 
~ m L , --c, tux tr~ o > ~ 0) p 2fl::;r:: ~4!.W ~ -¥-Uj!1i£trx 5 o , = ,1 7) >ii.Jd = J: vJ -Uj! A 9 o --= 
~ t=: J: ~ -c [214 t=:~9 J: -5 t=:, '/1511'1~:ti 5 o b t=:.B ~to lf- )'> ffi:ti 5 3 b OJ1J:!U7'JT't=: fl[ 
@'.9offltii= p;/:ill:C:7 AT ✓Y 3 >1iJ'lti9 b ~fb,oxLJ:{l, ~UgCV1/A f'/'\37->~~~ 
900 ..=..=c, --{7J>'li.}\.c:~d4t;L 1:1ux,:;t '1-=EAX*Jv:¥-!JiO. 8keV, F-;:(_m/Ji 
1 X 1 0l5cm-2cc1t:>oo ri16, ~P>~O)p;/:ill::;r::Mulo/JOJ--{7J>~i.},O)~lj{::, /f}v"?~r;Jb. 
( G e) .& cf*~ ( C) ~ 1g 2 OJ p M I S )'> 7 > ~} ;z 37 tW:ti OJ-='f:-Uj!1i£tfx 5 0 t=: '/-=E}\. L --C 

1:JJ:Po ..:OJ~t'i', GeO)'f_:f_A*14ti, tux,:r, '/_:f_AX*Jv:¥-!Ji5keV, F-;:(_m/Ji 
5 X 1 0 14c m-2cc1t:> VJ, C O)'f_:f_}\*"f"tti, ,fJUx(-;,t '/_:f_)\.X*Jv:¥-!Ji 2 k e V, F- _::;( 
_mfJi 5 X l 0 14c m-2cc1t:>O

0 

(0049) 
~,X{::, 1g20JnMI S f'7/'1/A37ffltit::m] □ ~1J9ovV:;z )'>/'\37-> ([2J~~~m,;) 

~ ffl 1t, --c, fU x tiii!t~~uJ n _!ill::;r::*t'.lo/J ~ -='f:-Ujl1i£trx 5 o t=: ,17) >'Ii.At= J: VJ -Uj!A 9 o ..= ~ 
t=: J: ~ --C, '/!5'ri1iJ'lti 5 0 d t=: B ~t 6 if- )'> ffi:t~ 5 3 d OJffiU7JT't=: 11[@'.9 o tW:tit:: n 2:f'1:c :7 
;z T > Y 21 >1tW:ti 9 d ~ fbtrx: L tdtt ~Ugc v V: ;z )'> /'\ 37 - > ~ ~~9 6 o ..: ..: c, --1' 7J > 
'li.A*14ti, fUxti, 'li.J\:c*;v:¥-!Ji 1. 2 k e V, F-;:(_m/Ji 1 x 1 o 15c m-2cc1t:> 
oo ri16, ii!t~~OJ n 2:f'1::;r::*t'.lo/JOJ--i' 7J >'li.AOJ~Ut=:, ff Jv"'< ~ ry b. (Ge) Bzu"'*~ ( C) 
~,;g 2 OJ n MI S )'> 7 > V: ;z 371iJtiOJ-='f:ij!tf£tJx 5 0 t=:'/i.A L --C tJ J: 1t 'o ..: OJ~t'i', Ge 
O)'f_:f_A*14ti, 1:YUxli, 'f_:f_)\.X*Jv:¥-!Ji 5 k e V' F- _:~(_m/Ji 5 X 1 0 14c m-2cc1t:> VJ 
' C OJ'/-=E}\.*14ti, fJUxti, ):£AX* Jv:¥-!Ji 2 k e V' F- .::;(_m/Ji 5 X 1 0 14 C m-2c 
d')Qo 

(0050) 
O:t=:, [21 5 t=:~9 J: 'J t=:, 7 :;t )'> 1J '/ :7''7 7 ,f itt=: J: IJ, 1g 2 OJ p MI S )'> 7 > 1/ _:7. 37 

tJti& u"'1g 2 OJ n M I S )'> 7 > V: ;z 37 tJti ~ ~ -5 v V: ;z )'> /'\ 37 - > 1 1 ~ fbtrx: L tdtz, v 
V: ;z )'> /'\ 37 - > 1 1 ~ "'< ;z :7 ~ l,, --C, F 7,-f :c '>' 5- > :7'',,':tt=: J: vJ, if;~f~ITTJ; 8 t=:xt l,, --C :c '1/ 

T > :7'' ~ fr -5 0 --= tlt= J: VJ' m 1 0) p M I s }-- 7 > 1/ A 37 tJti 0) if- f' ffi:t~ 5 3 a OJfflUTia 
J:J=:, I '¥V\OJl!/rrnJfbV\~f¥-=>7J7t ,y )'> ;z~--1:t 8 a !JiJfjox ~ tlo ~ ~t=:, 1g 1 OJ n M 
I S r-- 7 > V: ;z 37 fflti OJ ij' - r-- ffi:t~ 5 3 c OJ fflUTia J:J=:, I '¥ti<: OJ [ff Imff3V\ ~ ti-=> 7J 7 t '1/ 

)'>;z ✓--::--!j-8 c/JifbJrx:~.f1O
0 

._:O)~ ~, 7J7t,1/ f'A~--!j-8 aBzu8 C OJ$j(j:, ]CO) 
ifi&~JJI 8 uJ W: ~ ( fU x ti 6 n mf'E&) ~ l::tt~ L --c, 1:YU x ti 2. 5 n mf'E& ~ c~ < t;t o o 

(0051) 
V:t=:, v V: ;z )'> /'\ 37 - > 1 1 ~ ~~ L k{l, 1:YU x tifflt~ ~*tr::fJ;:z/J" G t<ek o 7°7 ;:("? tj::t 

t= BL , --c, -¥-Uj!w£trx 5 o i= xt L --c, ,fJu x it 4 o o 0c f'E&cfflt1t9l1ft ~ fr -3 0 ..= t1 i= J: vJ 
, [216 t=:~9 J: -5 t=:, 1g 1 OJ p M I S )'> 7 > V' ;z 37 tJtit::;Btt 6 ij'- )'> ifiE~JJI 5 2 a OJW 
Tiafi 2 a !Ji-z: O)X '1/ V:fflU/J" G 0. 3 n mf'E&W: < t<ek ~ --C WTiafi 2 A~ t<ek o ~ ~t=, 1g 1 OJ 
n M I S J-, 7 > 1/ _::::z 37 tJti t=: B ~t 6 if - )'> if;E~JJI 5 2 c OJF!ft-00 ti 2 c !Ji-z: 0) x '1/ 1/ fflU /J" G 
0. 3 n mf'E&W: < t;t ~ --C WTiafi 2 C ~ t<ek o o ..: ..: c, Mftr ,F!fr-aafi 2 A,& u"'WTiafi 2 C OJ 
M,ox1fzt= ;BP --C tJ, h i g h - k III 3 a Bz cf 3 c OJ W: ~ t= (i*ff ff] t<ek3t1Ltit<ek 1t 'o 9t<ek ;J:) 

~, M[PWTiafi 2 ABzuWOOfi 2 C OJfbtrx:H~J= BP --C 1:J, h i g h - k ITT}; 3 a, 3 b, 3 
c, 3 d ti*ffffJ i= ran.::: w: ~ ~ 1J L --c po 0 

(0052) 
~ f-=, [21 6 t=:~9I.f'Et=: BP --C ti, m 1 OJ p M I S )'> 7:::,,, V: ;z 37 fflti(:: B tt 6 ij' - )'> ffi: 

l~ 5 3 a O)y 1) ::::r >III 7 a 0) J:.f'f~&urifiifflUf'f~t=W:~ 0. 3 n mf'Ern'.OJY 1) ::::r >fflt1t.JJI 1 3 
a !Jifbftx: ~ ti o ~ ~t=:, 1g 1 0) n M I S r-- 7 > 1/ _:7. 37 ffltit::.B ~to ij'- )'> ffi:{©z 5 3 c 0) 1/ 
1J ::::r > ITT% 7 C 0) -1:.i~Bz urifii1'J:!Uf'f~t=W: ~ 0. 3 n mf'E& 0) 1/ 1) ::::r >fflt1tJJI 1 3 C !Jifbftx: ~ ti 
o o 9 i;t ;b ~ , 1g 1 OJ p M I S )'> 7 > V: ;z 37 tJti t =: B ~t 6 ij' - )'> ffi:t~ 5 3 a OJ Y 1) ::::r > ITT}; 
7 a ~ 7J 7 t ,y )'> ;z ✓--::--1:r 8 a ~ OJ FEi:I t= frff9 6 J: -5 t= 1/ 1J ::::r >fflt1t.JJI 1 3 a !Jifb,ox ~ tl 
o ~ ~ t =:, 1g 1 OJ n M I S )'> 7 > V: ;z 37 tJti t =: B ~ t 6 ij' - 1--- ffi:t~ 5 3 c OJ Y 1J ::::r :::,,, ITT}; 7 c 
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~ ~7t '1/ 1--- A~---tt s c ~ (l)r1m=1rt±9 o J: -5 i= 1/ 1; ::::r >~1tim 1 3 c iJijfqfflt~ t100 
~ t::., if- r- 'ffl:ti 5 3 a (7) fifiiffiU ts: 1-ft@'.9 o i'r~:51-(7)1-tr'ri~Ji~ 5 0 a (l)*rnJi'r~t= ti W ~ 0. 3 
n mf'£&(7)1/ lJ ::::r >~1t!m 1 3 a iJijfq)lX~ t1o ~ ~ts:, if- r-'ffl:ti 5 3 c (7)fifijfflU(s:::1il!'L9 
o]'r~7t(l))!51ri'ji~Ji 5 0 C (l)*rnJ]'j~(S::: lJW~ 0. 3 n mf'f)J'.(7)1/ lJ ::::r >~1t)m 1 3 C 7'Jijfqll5<: 

~tl•oo 
(0053) 

ri1D, Jr' - r- iJ'tB~!m 5 2 a (7) 1t-rnJ Ti 2 a Bz'u Jr' - r- 'ffl:ti 5 3 a (7) 1/ 1J ::::r > Im 7 a 1J!U i~ tt, 
~ 7-f? '1/ r- A✓" --tr 8 a ~ :ff!~ LJ: ~~ ts: J: --::;, -C ~1t ~ t1 -C .:8 IJ , if- r- iJ'tBl'~lm 5 2 c (7) 
woom 2 c &r.Jif- 1--- ffl:ti 5 3 c (7) 1/ 1; ::::r >Im 7 c mui~i::t, ~ 7 t '1/ 1--- A ✓"---tt s c ~:ff! 
~Lt::. ~~(s::: J: --::;, -C ~1t ~ t1 -C lr, o o 

(0054) 
~jj, CK! 6 t-=:~9If'E(S:::.:BP-C, m 2 (7) p MI S l--- 7 >:)A::>' tJti&r.Jm 2 (7) n MI S 

l--- 7 > :J A::>' tiui(l) -f: ,fl-t,f1(7)ij'- r-tiJB:tiW ~ 6 n mf'E& (7)/)'tfl~!m 8 is: J: VJ 1.lbt1 -Cl" 
o t::. lsb, m 2 (7) p M I S l--- 7:,,, 1/A ::>' t,ui(l)if- l--- ~B~!m 5 2 b (7)1t-rnJfi 2 b, }'s([f~ 2 
(7) n M I S l--- 7 >:)A::>' tJti (7) if- j, iJ'tfl~Jm 5 2 d (7)1t-rnJ fi 2 d iJiM[ < feet o ~ ~ (j::fJ: Po 

(0055) 
rEi], ::;,js:~tit[Jfq~t= .:BP -C, WTiafi 2 a J!;z r.Y 2 c ~ ~1t ~ it o t::. lsb (S::, ~~~1:f~lfflm $ 

c 7"5 _::;('?:7l1II ~fr--::;, t::. iJ\ :: ttt= 1,:t -c, ~~~1J~lff!5?'\$c1JU :t ii 6 o o °Cf'f&(7)J.t 
:7l1fl ~ fr--::;, -C t J: l , o 

(0056) 
U:t=, m 1 (7) pM I S l--- 7 >'VA ::>'tJtit=mJ □ ~1J9 o v:J A I'- /V:.::$'-> (CKJ~'B~m,;) 

~ ffl L, -C, 1JU :tii~P >~(7) P _!ill::;r::~4!.W ~-='f:-Uj!1t£tJJ 5 o ts:,{~ >)i.}dS::: J: VJ -Uj!>,_ 9 o:: 
~ (S:: J:--::;, -C, CK! 7 t=~9 J: -5 ts:, )i1rifflti 5 0 a (S:::.:B~t o Jr'- r-'ffl:ti 5 3 a (7)1J:{U15T't=fl[ 
@'.9offltiis::: p_!ill:c:7 AT/"1/ 21 >tJti9 a ~fb,ffltLt::.{l, ~Ugcv:JA r-/V:.::$'->~~* 
900 ::::c, ,1~>1i.J'-c:'d41i, 1:YU:t,i, )iAX*Jv::y-iJro. 8keV, F-.:::(_mfJi 
1 X 1 Ql5cm-2cd1:>0 0 rEiJ, ~P>~(7)p_!ill::;r::~tW(7),1~>)_1}\(7)~LJ(S:::, ij'Jv'?~r)b,. 

(Ge) B(c.J°"*~ ( C) ~m 1 (7) p M I S r- 7 > :J A::>' tJti(7)-='f:-Uj!ft£tJJ 5 0 t-=:)i.A L -C 
BJ:Po ('."_(7)~5, Ge(l))_:EA*ff'i, 1JU:t(i, )_:EAX*Jv::¥-iJ~5keV, F-.::;(_mfJi 
5 X 1 014c m-2cd1) iJ, C OJ)_:E}\*1-'t(i, 1JU:tii, ~_:EAX*Jv::y-iJi 2 k e V, F--7:' 
_mfJi 5 X 1 0 14 c m-2c d1:> o 

0 

(0057) 
YRt=, m 1 (7) n M I S r- 7 > :J A::>' tJtits::: m] □ ~1:f9 o v :J A r- /'\ ::>' - > (CKl~'B~m,;) 

~ ffl v, -C, wU ;t ii11lt~~(7) n _!ill::;r::*iw ~ -='f:-Ujl1t£tJJ 5 O t= ,1 ~ >)-1>-.t= J: VJ -Uj!}\ 9 o :: ~ 
ts: J:--::;, -C, 1i·ritJti 5 0 c t= .:8 ~to if- 1--- 'ffl:ti 5 3 c (7)1J:!U15T'ts:= l1Lllil9 o 1t&tits:: n _!ill:c :7 
AT> 1/ 3 >fflti 9 C ~jfqnx L t::.{3t, ~Ugc V 1/ A r- /\ ::>' - > ~ ~*9 0 0 ('."_ ('."_ C' ,{ ~ > 
)-1A*·ftii, 1JU:tii, )_:EAX*Jv:¥-iJil. 2 keV, F--7:'_mfJil X 1 Ol5cm-2cd1) 
oo rEiJ, 11lt~~(l) n _!ill::;r::~t'.!o/7(7),1 ~ >)_:EA_(l)~LJ(S:::, if Jv'? ~ r) b.. (Ge) J!;zu'\*~ ( C) 
~m1 (l)nMI S r-5>:JA::>''jjJlti(7)-='f:-Uj!it£tJJ5 Ot=)-1AL-CBJ:Po ('.".(7)~5, Ge 
(7))_:EA*f4ii, 1JU ;t ii, )_:EA_:C *Jv :¥-!Ji 5 k e V, ~' - -7:'_mfJi 5 X 1 0 14 c m-2cd1) VJ 

' C (7))_:EA*14(i, 1JU ;t ii, )_:EA :c * Jv :¥- !Ji 2 k e V' F- -7:'_mfJi 5 X 1 0 14 C m-2c 
d1) 0 0 

(0058) 
o:t-=:, -='f:-Ujl1t£tJJ s o __l:_(7):@rnJ1s:= 1/ 1J ::::r >~1t!m&u'\1/ 1J ::::r >~1t!m~lffi)JC:ftfl L tdfz 

' ~ft.1/ 1J ::::r >~1t!m&u~g?<1/ lJ ::::r >~1t!mt=x1 LL :c '1/ T /'\ '1/ :7 ~fr j O ('."_ ttt= J: VJ 

, CK! 8 t=~9 J: -5 ts:, Jr'- r- ffl:ti 5 3 a, 5 3 b, 5 3 c & u· 5 3 d (7) fifii1JlUTia _l_(s:=--tt ,1 F 
r) 7t - Jv A~ --tr 1 8 a , 1 8 b , 1 8 c , 1 8 d iJijfqfflt ~ t1 o O 2: :: c, -tr ,1 F r) 7t -
JvA~---tt 1 8 a, 1 8 b, 1 8 c, 1 8 d ii, L'¥tk(7)ltfrTiaJFqtk~tifsH-:)1/ 1J ::::r>~ 
1l)miJ'>Gfccto17'J1JlU--tt,-f Ft77t-}VA~---tt 1 6 a, 1 6 b, 1 6 C, 1 6 d ~' pgffllj--tt,-f 
Fr) :;,J- - Jv A~---tt 1 6 a, 1 6 b, 1 6 c, 1 6 d ___1:_ts:=fb,fflt~ .f1H-:) 1/ 1) ::::r >~1tlmiJ" 
Gfcto~fflU--tt,1 Ft77t-}VA~---tt 1 7 a, 1 7 b, 1 7 C, 1 7 d ~/J'>Gfctoo 
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(0059] 
roj, CR] 8 (:/09I.f¥.(:.t31t ,--C ti, m 2 OJ p MI S r- 7 ✓ Y 7-- :::1tJUi&zYm 2 OJ nM I S 

r- :J / :J 7-- ::7 tJUiOJ--c tt-rttt: /ff!:(¥ L, c 1t "td':it~!m 8 ti ::c '>' 5-- /\ ,y !7 ~ t16 o --f OJJf:,t~FL 
Jf- r-ffl:ti 5 3 b .:1:: -tr,{ F r'J 7t - Jv 7-- rZ --tr l 8 b ( pgfflU--tt ,1 ~' r'J 7t -Jv 7-- rZ --tr l 6 b 
) .:1:: OJ Fa~ t:, L '¥~ OJ [t!r rnHf;tk: ~ f'~f-::) T ti!!.7-- rZ - -tr 8 b /Ji ff;$; ~ ,fl 6 .:1:: ~ t:, J;f - r- ffl:ti 
5 3 d .:1:: -tr ,1 F r'J 7t - Jv 7-- rZ---tt l 8 d ( pg fflU--tt ,1 ~- r'J :;t - Jv 7-- rZ---tt l 6 d ) .:1:: OJ Fa~(: 
, L '¥tk OJ [tff Tiaff;tk: ~ Ff-::) T' ti!!.7-- rZ---tt 8 d tJiff;nx; ~ ;h 6 o ..: ..: c, T' ti!!.7-- rZ --tr 8 b ii 
J;f - r- ffi:ti 5 3 b OJ 1/ 1J ::::t / /m 7 b .:1:: m L, c It 4 6 .:1:: ~ (:, T' ti!!.7-- rZ - -tr 8 d ti J;f - r- ffi:ti 
5 3 d OJ1/ 1} ::::t//m7 d .tmL,cP6o ~k, T'ti!!.7--rZ---tt-8 b&ZJ'8 d OJ$i~i, :rcOJ:t.E 
~/m80JW~ (~;t~6nmtlN) .t~tlNc~~--c, ~7to/r-7--rZ---tt8a&u8c 
OJ $1 ( f:JU ;t 11 2. 5 n mt¥.N) J: VJ ti WPo 

(0060] 
~ t-:, CR] 8 (:/09I.f¥_(:;BPcti, J;f- r-ffi:fi 5 3 a __l::_}Jzu}1511"t%J1Ji 5 0 a ____t_<7)1/ 1) ::::t 

✓~it/m 1 3 a, _illi_ u's'(: Jf'- f' ffi:fi 5 3 C --1::_}Jzu)-tr'l"tmti 5 0 C ____t_O) 1/ 1) ::::t ✓~1t/m 1 3 
c ti ::c '>' 5-- /\ '>' /.7 ~ t16 0 --f OJ;f:EfJL Jf- r- ffi:ti 5 3 a OJffiUTia .:1:: -tr ,1 F r'J 7t - Jv 7-- rZ---tt 
1 8 a .:1:: 0) Fa~ t=: ti~ 7 t ''/ r- A rZ---tt 8 a & V'J!ff9 6 1/ 1) ::::t ✓~1L/m 1 3 a tJifrtf9 6 

.:1:: ~ t:, )31t,it,1Ui 5 0 a ( p 2!'1 ::c /.7 7-- 5- / 1/ 3 / %JUi 9 a ) .:1:: -tr ,1 F r'J 7t - Jv 7-- rZ - -tr l 
8 a .:1:: OJFa~t= it9!:(¥9 61/ 1J ::::t ✓~1L/m 1 3 a tJifrtf9 60 ~ t-:, lf- r-ffi:,ti 5 3 c OJffiU 

Tia .t -tr ,1 F r:'7 7t - Jv 7-- rZ---tt l 8 c .t OJ Fifl t= ti~ 7 t '>' r- A rZ---tt s c & V-9!:(¥9 6 1/ 1J 
::::r ✓~1tim 1 3 c tJifrtE9 6 .:1:: ~,=, ir3i't1:tJui s o c c p 2:fil::c !7 AT ✓ 1/ 3 ✓tJui 9 c) 
.:1:: -tr,{ F r'J 7J - Jv A rZ---tt l 8 C .:1:: u) Fa~(: iilff!:(¥9 6 1/ 1) ::::t ✓~1tim 1 3 C tJifrtf9 6 0 

(006 lJ 
~,xt:, m1&zYmZOJp2:filMI S r-7 ✓ Y7'::7%Jttit:tm □ ~if96v:J:7-- r-/"::7- ✓ ( 

CR1/0'B~m:i;) ~ FfiP c, f§U;t it~o /~uJ p 2!'1:::fMi.'.lo/7 ~¥ij!1t£tJJ 5 o t= ,1 ~ /)i.Jd= J: vJ 
ij!}\ 9 6 ..: .:1:: t: J: ~ c, CR] 9 t: ~9 J: -5 t:, )!51!1:mt~ 5 0 a t: Bit 6--tt ,1 F r'J 7t - Jv 7-- rZ 
- -tr 1 8 a OJ ~fflU7J T' t = {1L!_l'l'. 9 6 %Jl ti ( = ~ p _!ill 1/ - 7-- ~, v ,1 ✓ %Jl ti 1 9 a ff;$; 9 6 - 1J, 
)31[,1 fflti 5 0 b t: .t3 it 6 -tr ,1 ~- r'J 7t - Jv 7-- rZ - -tr l 8 b uJ ~fflU 1J T' 1: 1J'.[ @'. 9 6 tlti t: p _!ill 
V - 7-- ~- v ,1 ✓tJti 1 9 b ~ff;$; L, td~, ~Ul:lc v :J 7-- r- /'\ ::7 - / ~ ~*9 6c ..: ..: c, ,{ 
~ /)_i_J\*14ii, fU;t ti, )_i_}\::c * Jv:¥-tJi 1 . 6 k e V, F- 7-:'_mfJi 1 x 1 0 15 c m-2 
c~6o roj, ~P ✓~OJ p2fl:::f:t.it!.'.f7!JOJ,{~/)_i_}\O)~Ut=:, lfJv"'<~r'J.b. (Ge) ~ffi 1 Bz 
um 2 OJ p MI S r- 7 /:} 7-- ::7 t,~tiOJ¥ij!tf£tJJ 5 0 (:)_i_}\ L, ct, J: It "o ..: OJ~t'i'-, Ge 
OJ)_:f.A*14ii, fU;tif, )_i_J'-::c*Jv:¥-tJil 0 keV, F-_::::(_mfJisx 1 015cm-2c~ 
60 

(0062] 
YRt=, m1&uMZOJnMI S f'7 ✓ 1/A::7%Jttit=tm □ ~if96v:J7' r-/'\'.)'- ✓ (CR] 

/0'B~ m:i;) ~ !ii Pc, ,f:rU ;ti f 111:t~~ OJ n 2:fil:::f :t.it!.W ~ ¥ij!1t£tJJ 5 o t = ,1 ~ / )_i_Y\ t = J: tJ iji A 
9 6 ..: .t t= J: ~ --c, )r3i't1:%lti 5 o c t= .t3 it 6--tt ,1 F r'J 7t - Jv 7-- rZ---tt l s c OJ~fflU1JTt= 
{J'.[@'.9 6 tltit= n 2I'1 V - 7-- F v ,1 ✓mti l 9 c ~70DX9 6 -1], )r3i't1:tlti 5 0 d t= Bit 6 
-tr ,1 F r'J 7t - Jv 7-- rZ---tt l 8 d OJ~fflU1JT't= 1J'.[@'.9 6 tltit= n _!ill Y - 7-- F v ,1 ✓tlti 1 9 
d ~ff;$; L, t-:1~, ~Ul:lc v :J 7-- r- /'\ ::7 - / ~ ~*9 6 o C: C: c, ,{ ~ /)_i_Y\*14ii, f§U;t it 
' )_i_}\ ::c * Jv :¥- !Ji 1 0 k e V' F - _:::;(_mfJ\ 5 X 1 0 15 C m-2c ~ 6 0 

(0063] 
-fOJ1~, f§U;t(f 1 0 0 0 °Ct¥.&c7 ~-Jv~fr-5 ._: .:1:: t= J: ~ L, ,1~/)_i_Jd= J: VJ ij!J\ 

~ t1k:::f:t.it!.W~ir3i'l"E1L9 6c ..: OJ .:1:: ~, h i g h- k/m 3 a Bzu 3 b tj=t(: p MI S!=fi::\"---y 
,y 7°]JJ4 a Bzu's' 4 b tj=t OJ A 1 tJi:rlZ:1'1& L, c, A 1 ~if h i g h- k/m 3 AlJzu's' 3 B .:1:: tct6 .:1:: 

~ (:, h i g h - k /m 3 c Bz u 3 d g=t (: n M I S !ii ::\"- --y ,y 7° /m 4 c & u 4 d g=t OJ L a !JitlZ: 
l'1& L, c, L a ~if h i g h - k /m 3 C & V' 3 D .:1:: tct 6 o 

(0064] 
-fOJ1~, ¥ij!1t£tJJ5 0____t_OJ~o'iH:, fU;ttfN i~tJ,.Gtct6~~/m~tlflL,td~, f:JU;t 

it 2 6 0 °Cf¥.&c 7 ~ - Jv5ll1Il ~frP, l/'- r- ffi:1:i 5 3 a, 5 3 b, 5 3 c, 5 3 d OJ 1/ 
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lJ :::r :,,,ijf 7 a, 7 b, 7 c, 7 d O)~[IDi"f~, p _7f! 1/ - A F v ,1 :,,,tJUi 1 9 a &ZY: 1 9 b 0) 
~Iffif'f~, mUf t= n _7f! 1/ - A F v ,1 :,,,~ti 1 9 c & u 1 9 d O)~[IDi"f~O)--f ,fl. --z:' .fl 2, ~Ui:JC~ 
~~2~.JxfilS~-l±---C~~:,,,lJ'"if',fFfi20a, 20b, 20c, 20d~ff;}ftl,, ,fO)f.?z 
, *Bzf;GO)~~~~ ~:i:::9 Oc Lj---1:::_0)I.f'H= J:: '"J ---c, CM I s tl:r1UJ\lf;Jft ~ t16o 

(0065) 
CR! 1 Oti, **1.rili.ff;~CIJ f'7 ✓ 1/A:7(:.:stt6~fiffifflt1t~w (EOT) 2*'11J1±*00~x 

2uJ001i~~9o [X!l o,:~9J::-'J,:, ffi20)pMI S r-5:,,,-V::7.:7&D'{ffi20)nMI S 
r-7 ✓ 1/A:72~fl,---C, ffilO)pMISr-7 ✓ 1/A:7Jl;zuffilO)nMISr-5:,,,-V:A:7 

cti, wi \1t-Iffim 2 A&r.J 2 c i= J:: '"J ---c~fiffifflf:1t~WiJs:w~1t9 o 2 roJHit=, *'1111±*00 
~iJ\LH L, '""CPoo tJT', ,fO)lfEi:H:":)P'""(~~Oo 

(0066) 
1§Ux t-fH f 02 iJ'- G t.r__ oh i g h - k ~cti, I.f_¥q=t O)j~:9!1I_(j_U: J:: t'), h i g h - k ~ 

tj=t uJ fflf:~iJ,;:t!ZJti: L, ---C h i g h - k ~ tj=t iJ-. G t/lUt I±\ 6 k &r:J, h i g h - k ~ 2 WIIDfi 2 0) Fifl 
(:7t-Iffi:7··,1~-;1,,7'J,;jf;}ft~;hovJc, pMI S r-7 ✓ 1/A:7t:.:BP'""Cl:>nMI S r-7 ✓ 1/ 

A:7t:.:BP'""Cl:>*'11J1±*00~iJ,;1l\:< :,,,7 r- l,'""(l,;:t -5 2~xG;h---CPoo 
(0067) 

-jj, CR! 6 t:~9I.f_¥c~BJ:J L, t-=: J:: -5 (:, ffi 1 0) p MI S r- 7:,,, 1/ A :7 &D"'ffi 1 0) n M 
IS f'7/1/A:7cli, if- r-~1:©K5 3 a&D"'5 3 c O),f,(l.,-z:';hO)fJ:lUOOt=~P7!77?,:; r­
:7. ~ - '-fr 8 a .& u 8 c ~ lf;BX: l, t-=: tk:~c fflf:11::~ittl Y\ (: Bjl§ 9 2: 2 t: J:: -J '""C, j'/!.Iffi fi 2 a Bz u 
Jt-Iffifi 2 c fJ\J]j[ < t.r__ '"J ---C Jt-Dilfi 2 A&u1t-OOm 2 C 2 t.r__oo 2:'. O)f_:&r:l, +nt.r__fflf:~fJ\~;:t 
t1 ---C P 6 WOOm 2 A & uWOOfi 2 C iJ-. G h i g h - k ~ ( q- -v ,:; 7°~$ O)~~iJ,;1!1:l'&T 6 
~U) 3 a&D"'3 c,:+n,:fflt~iJ,;1~ffii~tloO)c, hi g h-k~3 a&u3 ciJ'-GO)fflf: 
~m2.mn,;:ff!JitU ~.no C = .n t= J:: t'), ~u~ O)J'1!.Iffi jt-{ ~ - ;1,,,iJ,;ff;!ft ~ ti.,: < < t.r__ o if.Ei*, 'b 
MI S r- 5 /1/ A :7 t=:.:BP'""C*'IM±*OO~~r'a'J < ~J.E9 6 2: 2 fJ\c ~ Oo 

(0068) 
*'1111±*00~/J,;r'a'J < ~JE~ tlkffi 1 0) nM I S r- 7 :,,,-V: A :7 ci;;t_ ~1f~EE (Vt h) 

fJ,;---1:::_H 9 6 O)c, 1/ - A7! 7 1) - :7 ~mtiJ,;11\:~~ tloo 9t.r__,b ti, ffi 1 vJ n MI S r- 7:,,, 
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- r- illfl;~~t: h i g h - k ijf ~·(iffi L, kM I S tj:rg0)-='=Fij!1t~@rt:.:si \'""(, Ii_v \(:~t.r__ 6 
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¢iugcm 1 (l)~ti-'tii~ti~ ¢iugcM 1 (l)y--1 Fr:'J71-}VA~--1r~ (l)FJH= t:Jy 1J ::::r Yfflt1tlmiJ\ 

fr-tE L, -ct , o 2: ~ ~ tif:l!k ~ 9 o ¥~#~u"ro 
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tin&~ 9 6¥ll1*~li'Lo 

rn~ ~JJl 1 1 J 
g~~JJl 1 0 t:::gcis);O)¥lJ1:f~@'.(:::;J3P---C, 
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Status 
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0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b)IZI This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 
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4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 
5)0 Claim(s) __ is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)1Zl Claim(s) 1-16 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some* c)O None of the: 

1.IZ! 
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3.0 
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Application/Control Number: 13/354,739 

Art Unit: 2897 

Detailed Action 

1. This non-final Office action is responsive to Applicants' application filed 

Page 2 

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): 

(BJ 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-A/A), 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-AIA), 

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-AIA 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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Application/Control Number: 13/354,739 
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invention. At what degree will it counts as "substantially identical material"? 

Claim Rejections - 35 USC§ 102(b) 

Page 3 

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

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

A person shall be entitled to a patent unless -

(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. 

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

by Ishikawa et al., (8492230 82, hereinafter Ishikawa). 

7. 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(1 S), 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(1 S) 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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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(1 S) 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(1 S) 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 g, 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 1, 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. In reclaim i, 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. In reclaim§., 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. In reclaim§., 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. In reclaim Z, 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. In reclaim§., 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. In reclaim~, in FIG. 3, Ishikawa teaches a semiconductor device of claim 8, 

wherein the first gate insulating film further includes a first cap film (IL 1) formed on the 

first high dielectric constant insulating film and containing aluminum, and the second 

gate insulating film further includes a second cap film(IL 1) formed on the second high 

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

16. In reclaim 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. In reclaim 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. In reclaim 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. In reclaim 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. In reclaim 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. In reclaim 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. In reclaim 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. But in 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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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/ 

Examiner, Art Unit 2897 

/Fernando L. Toledo/ 

Supervisory Patent Examiner, Art 
Unit 2897 
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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 l]A 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 reg10n 

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 

reg10n 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 1/0 

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 reg10n 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 1/0 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 1 0]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 m 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 l l]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 m 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 Ta2O5 whose dielectric 

constant is higher than silicon oxide, and TiO2, 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 Ta2O5 

as gate dielectric film, it describes with reference to Drawings. First, as shown in 

Fig.J, the P well area 12 is formed in the silicon single crystal substrate 11, and 

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 Ta2O5 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 Ta2O5 is about 25, a 5-nm Ta2O5 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 I 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 _Fi_g.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 5xl014/injection accelerating voltage 5keV and 

cm2
, and the nitrogen introduction region 41 is formed in a substrate surface. 

[00lO]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 Ta20 5 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. 

[00ll] 

[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 1/0 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 5nm and the 

transistor for 1/0 circuits of 8 nm and the transistor for logical circuits are said 

7nm. 

[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 I] 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 0 2 

atmosphere. Then, the I-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 lOke V -

30kev, and injection dose 5xl012/cm2 
- lxl013/cm2

. Then, the ion implantation of 

the nitrogen is carried out on condition of injection dose 5xl014/injection 

accelerating voltage 5ke V and cm2 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 lOkeV - 30kev, and injection dose 5xl012/cm2 
-

lxl013/cm2
. 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 

I 000 degrees C ] and processing time IO 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. 

[002l]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.8, the TiO2 film 81 which is a high dielectric film is 

formed. Specifically, by DC sputtering method using a TiO2 sintering target, it is 

the sputtering conditions of the electric power 300W, the pressure of I Pa, and 

Ar/O2 flow rate 22 / l.2sccm, and the 5-nm-thick TiO2 film 81 is formed. At this 
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time, of the oxygen plasma atmosphere at the time of a TiO2 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. 

[0022]Next, as shown in Fi_g.9, on the TiO2 film 81, a polycrystalline silicon film 

is formed 175 nm in thickness with a CVD method, and the gate electrode 91 is 

formed by patterning. The TiO2 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 TiO2 film 81. 

At this time, by diffusion of oxygen from the TiO2 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 TiO2 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 TiO2 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 TiO2 film 81, and the gate dielectric 

film of the region B serves as the volume phase 83a and a laminated structure of 

the TiO2 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 
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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 5xl014/accelerating voltage 5keV - lOkeV, and cm2 
-

lxl015/cm2
. 

[0026]Next, by depositing the ShN4 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, then+ type diffusion layer 112 which carries out the ion implantation of 

the arsenic by dose 5xl015/accelerating voltage 50keV - 70keV, and cm2
, 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 I 035 degrees C and the heat treatment process by RTA for time I 0 

seconds are performed for a source I drain impurities activation. The transistor 

QI 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 I 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 Ql 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 Q 1 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 Q 1 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 TiO2 film was used as the high dielectric film 81 in the 

embodiment, Not only this but aluminum2O3, Ta2O3, ZrO2, HfO2, Y2O3, La2O3, 

CeO2, PrO2, Gd2O3, Sc2O3, LaA1O3, metallic oxide films, such as ZrTiO4, TiO(Zr, 

Sn) 4, SrZrO4, LaAbO4, SrTiO3, and BaSrTiO3, -- or, The form of at least 1 type 

selected from these silicate or above-mentioned metallic-oxide and silicon oxide, 

silicon nitride film, and aluminum2O3 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 

TiC14 and 0 2, 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. 

[0035]Then, as shown in Fig. 14, the I-micrometer-thick resist mask 141 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 dose 

5xl012/accelerating voltage lOkeV - 30kev, and cm2 
- lxl013/cm2

. Next, the 

sacrificing oxide film 61 of the reg10n A is removed by rare-fluoric-acid 
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processing, and N2 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 5xl012/accelerating voltage lOkeV - 30kev, and cm2 

- lxl013/cm2

. 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 TiO2 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 TiO2 film 

sputtering and oxygen from TiO2 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 TiO2 film sputtering, and the activation annealing performed 

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

[004l]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 TiO2 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 TiO2 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 IO0W 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 BCL3, 

Cb, and N2. 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 TiO2 film 161 of Fig.16 as high dielectric gate dielectric film. 

[0048]Fig._18 __ shows the state where the rear gate electrode was formed. Namely, 

100 nm forms membranes on the TiO2 film 161, and the TiN film which serves as 

the gate electrode 181 by a sputtering method on condition of the electric power 

IOOW and pressure 20mTorr, RIE (Ractive Ion Etching) of TiN film 181 and the 

TiO2 film 161 is carried out with the mixed gas of BCL3, Cb, and N2, 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. 

[005l][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 1/0 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 Ql 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 1/0 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 1/0 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 1/0 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 1/0 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. 

LSI chip 200 comprises the 1/0 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 1/0 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 1/0 circuit part 202, a leakage 

characteristic, and pressure-proofing. It is also preferable to form the 1/0 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 I 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 1/0 circuit part 202 and the power circuit part 203, the 

preferable performance of each circuit part is obtained similarly. 

[006l][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 1/0 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. 

[0062]Fig.21 ___ shows the block configuration of the DRAM mixed-loading logic 

LSI of this embodiment. The logical circuit 216, DRAM cell array 217, the 1/0 

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 Ffa.22 - Fig.27.As shown in Fig_.22, to transistor region B of the 

transistor region Al which constitutes the logical-circuit unit 216 on the silicon 

single crystal substrate 211, the transistor region A2 which constitutes the 1/0 

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 Fif::!.23, form the 25-nm sacrificing oxide film 231 by 

heat treatment by the heat treatment temperature of 900 degrees C, and 02 

atmosphere, and the I-micrometer-thick resist mask 232 is formed on the region 

Al and B after that, Boron for adjusting threshold value voltage to the region Al 

Injection accelerating voltage lOke V - 30kev, An ion implantation is carried out 

on condition of injection dose 5xl012/cm2 
- lxl013/cm2

, 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 5xl014/injection accelerating voltage 

5keV and cm2
. 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 lOkeV - 30kev, and injection dose 5xl012/cm2 
-

lxl013/cm2
. 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 N2 flow rate 200sccm, pressure 0.25Torr, and 

RF power 1 00W 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 Al 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 lOkeV - 30kev, and injection dose 5xl012/cm2 
-

lxl013/cm2
. 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 TiO2 film 261 is formed as high dielectric gate dielectric film by 

DC sputtering method using a TiO2 sintering target. The sputtering conditions at 

this time are electric power =300W, pressure =lPa, and Ar/O2 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 I 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 TiO2 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. 

[0069]Next, as shown in Fig_.27, 100 nm of TiN films are formed as the gate 

electrode 271 by a sputtering method on the TiO2 film 261. And on condition of 

the electric power lO0W and pressure 20mTorr, TiN film 271 and the TiO2 film 

261 are etched by RIE (Ractive Ion Etching) with the mixed gas of BCL3, Ch, 

and N 2, 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 Al 

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 1/0 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 an 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 then 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 02 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 

lOkeV - 30keV, and dose 5xl012 
- lxl013/cm2

. Then, the ion implantation of the 

nitrogen is carried out on condition of accelerating voltage 5ke V and dose 

5xl014cm2 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 

lOkeV - 30keV, and dose 5xl012 
- lxl013/cm2

. 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 TiO2 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 TiO2 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 

26 

Page 250 of 339



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 02 

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 lOkeV - 30keV, and dose 5xl012 

- lxl013/cm2
, 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 TiO2 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 TiO2 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 m 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 02 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 lOkeV - 30keV, and dose 5xl012 

- lxl013/cm2

, 

and the channel ion implantation layer 345,346 is formed. 

[0090]Then, as shown in Fig.35, the TiO
2 

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
2 

film 351. In the region A, as a 

result of absorbing the excess acid matter in a TiO
2 

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 l] 

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, 1/0 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 1/0 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 1s 

formed by oxidizing thermally again. 

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

[0006] 

Refer to Fig.8 (c). 

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). 
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Subsequently, after removmg the resist pattern 65, the oxidizing film 66 1s 

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 1/0 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 (c). 

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 

-lnm. 

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 I e V, 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
2

O
3

, ZrO
2

, HfO
2

, Ta
2

O
5

, 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 Si02 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 Si02 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 Fi_g.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 (HfO2), Zirconium 

oxide (ZrO2), yttrium oxide (Y 20 3), A lanthanum trioxide (La2O3) and its silicate, 

aluminate and an aluminum oxide (aluminum2O3), or 5 tantalum oxide (Ta2O5) is 

preferable. 

However, there is no low-temperature-oxidation operation in aluminum2O3 and 

Ta2Os. 

[0024] 
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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 SiO2 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 SiO2 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 I is silicon, it will become a SiO2 

film, and if the surface of the semiconductor substrate I is SiGe, it will become 

SiOrGeO2 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 Clow 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 I 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 1/0 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. 

9 

Page 262 of 339



[0033] 

Refer to Fi_g.2_(c). 

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+H20 2, perform 

SC2 washing and it ranks second, In 300 degrees C, the HfO2 film 16 is formed 

under the pressure of 1 Torr, using the ALCVD method (atomic layer-CVD 

method) which supplies HfC14 and H2O alternately. 

N2 gas is used as purge gas at the time of supplying HfC14 and H2O alternately. 

[0035] 

At this time, the thin SiO2 film 17, i.e., a low-temperature-oxidation film, is 

formed in an interface in the region to which the HfO2 film 16 touches the silicon 

substrate 11 directly. 

This is conjectured for the binding energy of 0 2 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 

SiO2 film also in about 300 degrees Clow temperature into the HfO2 film 16. 

[0036] 

In the reg10n which formed henceforth the element which has thick gate 

dielectric film of HfO2/SiO2 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 HfO2/SiO2 

structure, and just to form the element which has thin gate dielectric film of HfO2 

(/SiO2) structure in the region on which HfO2 was made to deposit directly. 

[0037] 

Thus, in the first embodiment of the present invention, Since the HfO2 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 HfO2 is used for the element 

which the etching step of a HfO2 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 HfO2 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 HfO2 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 HfC14 and H2O alternately. 

Also in this case, the thin SiO2 film 23, i.e., a low-temperature-oxidation film, is 

formed in the interface of the HfO2 film 22 and the silicon substrate 21. 

[0040] 

Subsequently, after depositing sequentially SiN film 24 and the SiO2 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 Si02 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 removmg the resist pattern 26, usmg 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 

lxl0-3Torr, the low-temperature-oxidation film 27 is formed directly under the 

exposed HfO2 film 22. 

When 0 2 in an oxidizing atmosphere advances into the HfO2 film 22 also in this 

case, It is surmised that the binding energy of 0 2 becomes small, are easy to 

become active O atom, this O atom reacts by an interface, and a SiO2 film is 

formed also in about 300 degrees C low temperature into the HfO2 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 Si02 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 HfO2 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 

1s mcreasmg. 

[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 SiO2 film 25 and SiN 

film 24 which remain at the end. 

[0045] 

Thus, also in the second embodiment of the present invention, since the HfO2 
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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 HfO2 is used for the 

element which the etching step of a HfO2 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 HCl oxidation in 850 degrees C like the manufacturing 

process of the conventional MOSIC, for example, After thickness forms the 

10-nm SiO2 film 32 in the surface of then type silicon substrate 31, for example, 

for example, thickness makes 100-nm SiN film 33 deposit on it usmg 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 (c). 

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-SiO2 film 36 deposit, 

CMP (chemical machinery polish) -- by removing the HDP-SiO2 film 36, the 

isolation groove 34 is embedded by the HDP-SiO2 film 36 until it uses SiN film 

33 as a stopper using law and SiN film 33 is exposed. 

This HDP-SiO2 film 36 and liner oxide film 35 that were embedded turn into the 

embedded oxide film 3 7. 

[0052] 

Refer to Fig.4 (d). 

Subsequently, after removmg SiN film 33 usmg heat phosphoric acid, HF 

removes the SiO2 film 32. 

In the removal process of this SiO2 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 Fi_g.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 processmg usmg HCI+H2O2, 

thickness forms the 3-nm HfO2 film 43 in the whole surface using the ALCVD 

method which supplies HfC14 and H2O alternately, for example. 

Also in this case, the thin low-temperature-oxidation film 44 is formed in the 

interface of the HfO2 film 43 and the p type well region 41. 

[0056] 

Subsequently, for example, 20-nm SiN film 45 and thickness make the 20-nm 

SiO2 film 46 deposit [ thickness ] sequentially all over the HfO2 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 Si02 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 Si02 film 46 as a mask. 

Since etching using this phosphoric acid voile is soft etching, a damage is not 

given to the HfO2 film 43 of a ground. 

[0058] 

Refer to Fig.6 (i). 

Subsequently, after removing the resist pattern 47, use SiN film 45 as a selective 

oxidation mask, and in the oxidizing atmosphere of lxl0-3Torr, In the exposed 

part of the HfO2 film 43, thickness forms the 3-nm low-temperature-oxidation 

15 

Page 268 of 339



film 48 in an interface with the p type well reg10n 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 Si02 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 

Pion into the whole surface, and converts to an type on it, for example. 

[0060] 

Refer to Fig.6 (k). 

Subsequently, the gate structure which uses the silicon gate electrode 50, the 

HfO2 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 

HfO2 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_(1). 

Subsequently, after making a thick SiO2 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. 

16 

Page 269 of 339



[0063] 

Refer to Fi_g.7 __ (n). 

Subsequently, in N2 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 H2SO4:H2O2=3:l, 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 HfO2 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 1/0 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 

SiOrGeO2 in that case. 

[0068] 

In each of above-mentioned embodiments, although HfO2 is used as a high 

dielectric constant film, Not the thing restricted to HfO2 but the film which has a 

dielectric constant of 10-40, For example, zirconium oxide (ZrO2), yttrium oxide 

(Y 20 3), A lanthanum trioxide (La2O3) and its silicate, aluminate and an aluminum 

oxide (aluminum2O3), or 5 tantalum oxide (Ta2O5) may be used. 

However, there is no low-temperature-oxidation operation in aluminum2O3 and 

Ta2Os. 

[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 

18 

Page 271 of 339



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.l. 

(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 I 0-40 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 I 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 I of the additional remarks I 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 I of the additional remarks I 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 

I 0-40 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 I 0) Manufacturing method of the semiconductor device 

which has a high dielectric constant film of the description to any I 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 I 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 5. 

[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] 

!DrawingJJit is an explanatory view of the theoretic composition of the present 

invention. 

[Drawing 2]1t is an explanatory view of the manufacturing process of the first 

embodiment of the present invention. 

[Drawing 3]It is an explanatory view of the manufacturing process of the second 

embodiment of the present invention. 

[Drawingj:llt is an explanatory view of the manufacturing process to the middle 

of a 3rd embodiment of the present invention. 

[Drawing 5]It is an explanatory view of the manufacturing process to the middle 

after the Fig.4 of a 3rd embodiment of the present invention. 

!Drawing 6Ut is an explanatory view of the manufacturing process to the middle 

after the Fig.5 of a 3rd embodiment of the present invention. 

!Drawing_]]lt is an explanatory view of the manufacturing process after the fig_,fc~ 

of a 3rd embodiment of the present invention. 

[Drawing 8]1t is an explanatory view of the formation process of conventional 

gate dielectric film. 

[Dravving 9Ut 1s an explanatory view of the formation process of the gate 
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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 HfO2 film 

17 Low-temperature-oxidation film 

21 Silicon substrate 

22 HfO2 film 

23 Low-temperature-oxidation film 

24 SiN film 

25 SiO2 film 

26 Resist pattern 

27 Low-temperature-oxidation film 

28 Resist pattern 

29 Low-temperature-oxidation film 

31 N type silicon substrate 

32 SiO2 film 

33 SiN film 

34 Isolation groove 

35 Liner oxide film 
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36 HDP-SiO2 film 

37 Embedded oxide film 

3 8 Through oxide film 

39 Ion implantation region 

40 Ion implantation region 

41 P type well region 

42 Channel doped regions 

43 HfO2 film 

44 Low-temperature-oxidation film 

45 SiN film 

46 SiO2 film 

4 7 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 Co silicide 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 

7 5 Resist pattern 

76 F ion 

77 F injection region 

78 Oxidizing film 

79 Oxidizing film 

80 Oxidizing film 
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[ Amendment 1] 

[Document to be Amended]Description 

[Item(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 

[Item(s) to be Amended]Claims 

[Method of Amendment]Change 

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

[Claim l] 

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 I 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 

[Item(s) to be Amended]00OI 

[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 

[Item(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 surf ace, 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 

[Item(s) to be Amended]0026 

[Method of Amendment]Deletion 

[The contents of correction] 

[ Amendment 7] 
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[Document to be Amended]Description 

[Item(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 l]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]Conventionally, 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,;;;_. First, as shown in _fi_g,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 tl 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 (c), 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 (tl +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 1s a method shown in Fig. I 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 tl, 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 tl are removed. Thereby, a MOS transistor with the gate 

oxide of the thickness tl 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 (02) 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.1 (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 I 1. 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. 

[0013]Next, as shown in Fig.l ___ (b), after depositing about 100 nm of nitrides (for 

example, Si3N4) 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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Docket No.: 085393-0941 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Satoru ITO et al. 

Application No.: 13/665 ,305 

Filed: October 31, 2012 

For: SEMICONDUCTOR DEVICE 

Customer Number: 53080 

Confirmation No.: 6981 

Art Unit: 2897 

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 oxynitride film. 

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

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

2 
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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 

3 
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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 a substantially 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. 

5 
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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. 

III. 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 

7 
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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 1 S 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 transistor, 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 oflshikawa. 

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 1 S 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 1 S. 

Accordingly, as it is well known that the factual determination oflack 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 SA. 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 oflshikawa 

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 
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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. 

500 North Capitol Street, N.W. 
Washington, DC 20001 
Phone: 202.756.8000 MEF 
Facsimile: 202.756.8087 
Date: November 13, 2013 

DM_US 46634678-1085393.0941 

Respectfully submitted, 

McDERMOTT WILL & EMERY LLP 

/Michael E. Fogarty/ 

Michael E. Fogarty 
Registration No. 36,139 

Please recognize our Customer No. 53080 
as our correspondence address. 

11 

Page 303 of 339



Electronic Acknowledgement Receipt 

EFSID: 17392880 

Application Number: 13665305 

International Application Number: 

Confirmation Number: 6981 

Title of Invention: SEMICONDUCTOR DEVICE 

First Named Inventor/Applicant Name: Satoru ITO 

Customer Number: 53080 

Filer: Michael E. Fogarty/Natherine Ordanza 

Filer Authorized By: Michael E. Fogarty 

Attorney Docket Number: 085393-0941 

Receipt Date: 13-NOV-2013 

Filing Date: 31-OCT-2012 

Time Stamp: 17:13:56 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

98684 

1 085393-0941 _Amendment.pdf yes 11 
749f620a 148bc811 f420458924d6a6b3eab 

abbb9 

Page 304 of 339



Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 5 

Applicant Arguments/Remarks Made in an Amendment 6 11 

Warnings: 

Information: 

Total Files Size (in bytes) 98684 

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

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Page 305 of 339



PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/665,305 10/31/2012 □ To be Mailed 

ENTITY: [8J LARGE 0 SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 
minus 20 = * 

(37 CFR 1.16(i)) X $ = 

INDEPENDENT CLAIMS 
minus 3 = * 

(37 CFR 1.16(h)) X $ = 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $31 O ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

11/13/2013 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) • 15 Minus ** 20 = 0 X $80 = 0 
0 

Independent z (37 CFR 1 .16(h)) * 1 Minus ***3 = 0 X $420 = 0 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent * Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /LASHAWN MORGAN/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

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

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, ca/11-800-PTO-9199 and select option 2. 

Page 306 of 339



UNITED STA IBS p A IBNT 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 

53080 7590 05/20/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

APPLICATION NO. FILING DATE 

13/665,305 10/31/2012 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER 

NGUYEN.LAWRENCE-LINT 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 05/20/2014 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Satoru ITO 085393-0941 6981 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $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. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 3 
PTOL-85 (Rev. 02/11) 

Page 307 of 339



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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

53080 7590 05/20/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

APPLICATION NO. FILING DATE 

13/665,305 10/31/2012 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

NGUYEN, LAWRENCE-LINT 2897 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
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(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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 
0 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). 

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 _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

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

Page 308 of 339



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/665,305 10/31/2012 

53080 7590 05/20/2014 

McDermott Will and Emery LLP 
The McDermott Building 
500 North Capitol Street, N.W. 
WASHINGTON, DC 20001 

FIRST NAMED INVENTOR 

Satoru ITO 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

085393-0941 6981 

EXAMINER 

NGUYEN.LAWRENCE-LINT 

ART UNIT PAPER NUMBER 

2897 

DATE MAILED: 05/20/2014 
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0MB 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 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
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agency to inform the public about the 0MB 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 
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1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
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by the Freedom of Information Act. 
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from the Member with respect to the subject matter of the record. 
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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 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations 
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. 
Such disclosure shall not be used to make determinations about individuals. 

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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Notice of Allowability 

Application No. 
13/665,305 
Examiner 
LAWRENCE-LINH T. NGUYEN 

Applicant(s) 
ITO ET AL. 
Art Unit 
2897 

AIA (First Inventor to 
File) Status 

No 

-- The MAILING DA TE 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. [gi This communication is responsive to 11/13/2013. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. D 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 
~;ttp://V'vww.uspto.gov/patents/init events/pph/index.is_p or send an inquiry to PPHfeedback@uspto.aov . 

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

Certified copies: 

a) [gl All b) D Some *c) D None of the: 

1. [gl Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. [gl Notice of References Cited (PTO-892) 

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 10/31/2012 & 09/24/2013. 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/LAWRENCE-LINH T NGUYEN/ 
Examiner, Art Unit 2897 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

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 

Art Unit: 2897 

REASONS FOR ALLOWANCE 

Allowable Subject Matter 

1. The present application is being examined under the pre-AIA 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: 

Page 2 

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

second interface layer. 

Page 3 

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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Art Unit: 2897 

Conclusion 

Page 4 

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. 

/LAWRENCE-LINH T NGUYEN/ 
Examiner, Art Unit 2897 

/Fernando L. Toledo/ 
Supervisory Patent Examiner, Art Unit 
2897 
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Reexamination 

13/665,305 ITO ET AL. 
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Examiner Art Unit 
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Page 1 of 1 
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Document Number Date 

Country Code-Number-Kind Code MM-YYYY Name Classification 
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