
PTO/AIA/15 (07-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

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 o in ormat1on un ess 1t 1sp ays a va 1 contro num er. f. f I . d. I I'd OMB I b 

I' 
0756-10065 ' UTILITY Attorney Docket No. 

PATENT APPLICATION First Inventor Shunpei YAMAZAKI et al. 

TRANSMITTAL Title SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

\.. (Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. ~ 

APPLICATION ELEMENTS 
Commissioner for Patents 

ADDRESS TO: P.O. Box 1450 
See MPEP chapter 600 concerning utility patent application contents. Alexandria VA 22313-1450 

1.0 Fee Transmittal Form. ACCOMPANYING APPLICATION PARTS 
(PTO/SB/17 or equivalent) 

2.D Applicant claims small entity status. 9. D Assignment Papers. See 37 CFR 1.27. (cover sheet & document(s)) 
3.G] Specification. [Total Pages 78 l Name of Assignee 

Both the claims and abstract must start on a new page 
(For information on the preferred arrangement, see MPEP § 608.01(a)) 

4.GJ Drawing(s). (35 U.S.C. 113) [Total Sheets 37 l 
5. Inventor's Oath or Declaration. [Total Sheets l 10. [j] 37 CFR 3.73(c) Statement. [j] Power of Attorney. 

(including substitute statements under 37 CFR 1.64 and assignments serving as an 
(when there is an assignee) 

oath or declaration under 37 CFR 1.63(e)) 

a. B Newly executed (original or copy) 11. D English Translation Document. 
b. A copy from a prior application (37 CFR 1.63(d)) (if applicable) 

6. GJ Application Data Sheet. 'See Note below. 12. [j] Information Disclosure Statement. 
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) (PTOISB/08 or PT0-1449) 

D Copies of citations attached 

7 D CD-ROM or CD-R. 13. D Preliminary Amendment. 
in duplicate, large table or Computer Program (Appendix) 

1 D Return Receipt Postcard. 
D Landscape Table on CD 4 (MPEP § 503) (Should be specifically itemized) 

8. Nucleotide and/or Amino Acid Sequence Submission. 15. D Certified Copy of Priority Document(s). 
(if applicable, items a. - c. are required) 

(if foreign priority is claimed) 
a. D Computer Readable Form (CRF) 
b. Specification Sequence Listing on: 16. D Nonpublication Request. 

D 
Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35 or 

i. CD-ROM or CD-R (2 copies); or equivalent. 

ii. D Paper 
17. D Other: 

c. D Statements verifying identity of above copies 

19. CORRESPONDENCE ADDRESS 

I •I The address associated with Customer Number: 131780 I OR D Correspondence address below 

Name 
Eric J. Robinson, Robinson Intellectual Property Law Office, P.C. 

Address 3975 Fair Ridge Drive, Suite 20 North 
City Fairfax I State VA Zip Code 22033 

Country us I Telephone 571-434-6789 I:: mall erobinson@riplo.com 

Signature < ~~.:----...... I Date February 11, 2013 

Name 
Eric J. Robinson Registration No. I 

(Print/Type) (Attorney/Agent) 38,285 

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

1 SEL 2003 
Bluehouse v. SEL 

IPR2018-01393



Privacy Act Statement 

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

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

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

2. 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 197 4, 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 US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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PTO/AIN96 (08-12) 
Approved for use through 01/31/2013. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless it dis la s a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent Owner: Semiconductor Energy Laboratory Co., Ltd. 

Application No./Patent No.: Filed/Issue Date: February 11, 2013 

Titled: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

Semiconductor Energy Laboratory Co., Ltd. , a corporation 
--------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
rig ht, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 023662 , Frame 0270 , or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

2. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3. 73(b). The information 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 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/3112013. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless it dis la s a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: __________________ To: -----------------~ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

4.From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

5.From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

6.From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame _____ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

[2] As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the US PTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

~ February 11, 2013 
Signature Date 

Eric J. Robinson Reg. No. 38,285 

Printed or Typed Name Title or Registration Number 

[Page 2 of 2] 
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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 disclosure of these records is 
required by the Freedom of Information Act. 

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 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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PTOIAIA/80 (07-12) 
Approved for use through 11130/2014. OMB 0651-0035 

U.S. Patent and Tradernarl< Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperworl< Reduction Act of 1995, no persons are required to respond to a collection of infonnation unless tt displays a valid OMB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE US PTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 

under 37 CFR 3.73(c). 

I hereby appoint: 

[l] Practitioners associated with Customer Number: 
131780 

r OR 

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attomey(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications a ssigned Q!!!y to the undersigned according to the USPTO assignment records or assignments docu ments 
attached to this form in accordance with 37 CFR 3.73(c). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to: 

[l] The address associated with Customer Number: 131780 I OR 

I Firm or 
Individual Name 

Address 

City 

Country 

Telephone I Email 

Assignee Name and Address: SEMICONDUCTOR ENERGY LABORATORY co., LTD. 
396, HASE, ATSUGJ-SHI 
KANAGAWA-KEN 243-0036 
JAPAN 

A copy of this fonn, together with a statement under 37 CFR 3.73(c) (Fonn PTO/SB/96 or equivalent) is required to be 
Filed in each application in which this fonn is used. The statement under 37 CFR 3.73(c) may be completed by one of 
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed. 

SIGNATURE of Assignee of Record 
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature J L--1- (_ ~~- ~ _I, Date O? /2-/ /2-0!l .- - ...- .,.. ,,, ...___. 

Name Dr. Shun~YamUaki // Telephone 81-46-270-1170 

Title President 
Thts collection of 111formation 1s requrred by 37 CFR 1.31, 1.32 and 1.33. The 1nfOJTT1at1on is required lo obtain or rela1n a benef~ by the publlcwh1ch 1s lo file (and 
by the USPTO to process) an appHcation. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes 
to complete, including gathering, preparing, and submitting the completed application fonn to the USPTO. nme will vary depending upon the individual case. Any 
comments on the amount of lime you require to complete this fonn andlor suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademarl< Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTQ...9199 and select option 2. 
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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 ofthe information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission 
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and 
Trademark Office may not be able to process and/or examine your submission, which may result in termination of 
proceedings or abandonment of the application or expiration of the patent. 

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

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

2. 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 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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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

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

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

Attorney Docket Number 0756-10065 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

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 

Shunpei YAMAZAKI 

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

City Setagaya !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Semiconductor Energy Laboratory Co., Ltd. 

Address 2 398, Hase 

City I Atsugi-shi, Kanagawa-ken I State/Province I 
Postal Code 1 243-0036 I Country 1 I JP 

Inventor 2 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Kengo AKIMOTO 

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

City Atsugi !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Semiconductor Energy Laboratory Co., Ltd. 

Address 2 398, Hase 

City I Atsugi-shi, Kanagawa-ken I State/Province I 
Postal Code I 243-0036 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. OMB 0651-0032 

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

Attorney Docket Number 0756-10065 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

Prefix Given Name Middle Name Family Name Suffix 

Daisuke KAWAE 

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

City Yamato !Country of Residence i I JP 

Mailing Address of Inventor: 

Address 1 c/o Semiconductor Energy Laboratory Co., Ltd. 

Address 2 398, Hase 

City I Atsugi-shi, Kanagawa-ken I State/Province I 
Postal Code I 243-0036 I Country 1 I JP 

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

generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

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

Customer Number 31780 

Email Address erobinson@riplo.com I I Add Email I !Remove Emaill 

Application Information: 

Title of the Invention SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

Attorney Docket Number 0756-10065 I Small Entity Status Claimed D 
Application Type Nonprovisional 

Subject Matter Utility 

Suggested Class (if any) !Sub Class (if any) I 

Suggested Technology Center (if any) 

Total Number of Drawing Sheets (if any) 37 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: 

EFS Web 2.2.3 
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PTO/AIN14 (08-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

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

Attorney Docket Number 0756-10065 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

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 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re CONTINUATION Patent Application of: ) 

Shunpei YAMAZAKI et al. ) Group Art Unit: 2896 

Based on Serial No. 12/613,769 ) Examiner: Jeremy J. Joy 

Filed: November 6, 2009 ) 

For: SEMICONDUCTOR DEVICE AND ) 

MANUFACTURING METHOD ) 

THEREOF ) 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

In accordance with the provisions of 37 C.F.R. § 1.56 and 37 C.F.R. §§ 1.97-

1.99, Applicant submits herewith a Form PT0-1449 listing information known to 

Applicant and requests that this information be made of record in the above identified 

application. 

U.S. Publication No. 2007/0072439 is in the family of JP 2007-123861. 

U.S. Patent No. 6,727,522 is in the family of JP 2000-150900. 

U.S. Patent No. 7,061,014 is in the family of JP 2004-103957. 

U.S. Patent No. 5,744,864 is in the family of JP 11-505377. 

U.S. Patent No. 6,563, 174 is in the family of JP 2003-086808. 

U.S. Publication No. 2006/0244107 is in the family of WO 2004/114391. 

The references I isted on the attached Form PT0-1449 were cited in parent 

Application Serial No. 12/613,769 and/or predecessor Application Serial No. 12/606,262 
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and copies of the references can be found in these applications (37 C.F.R. § 1.98(d)(1)

(2)). 

Respectfully submitted, 

Eric J. Robinson 
Reg. No. 38,285 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] 

The present invention relates to a display device using an oxide semiconductor 

and a method for manufacturing the same. 

2. Description of the Related Art 

10 [0002] 

As typically seen in liquid crystal display devices, a thin film transistor formed 

over a flat plate such as a glass substrate is manufactured using amorphous silicon or 

polycrystalline silicon. A thin film transistor manufactured using amorphous silicon 

has low field effect mobility, but can be formed over a larger glass substrate. In 

15 contrast, a thin film transistor manufactured using crystalline silicon has high field 

effect mobility, but due to the necessity of a crystallization step such as laser annealing, 

such a transistor is not always suitable for being formed over a larger glass substrate. 

[0003] 

In view of the foregoing, attention has been drawn to a technique in which a 

20 thin film transistor is manufactured using an oxide semiconductor and applied to 

electronic appliances or optical devices. For example, Patent Document 1 and Patent 

Document 2 disclose a technique in which a thin film transistor is manufactured using 

zinc oxide or an In-Ga-Zn-0-based oxide semiconductor for forming an oxide 

semiconductor film and such a transistor is used as a switching element or the like of an 

25 image display device. 

[0004] 

30 

Patent Document 1: Japanese Published Patent Application No. 2007-123861 

Patent Document 2: Japanese Published Patent Application No. 2007-096055 

SUMMARY OF THE INVENTION 

[0005] 

It 1s one object of the present invention to provide a structure by which 
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electric-field concentration which might occur between a source electrode and a drain 

electrode in a bottom-gate thin film transistor is relaxed and deterioration of the 

switching characteristics is suppressed, and a manufacturing method thereof. 

[0006] 

Further, it is one object of the present invention to provide a structure by which 

coverage by an oxide semiconductor layer is improved and a manufacturing method 

thereof. 

[0007] 

In accordance with the present invention, a bottom-gate thin film transistor in 

10 which an oxide semiconductor layer is provided over a source and drain electrodes is 

manufactured, and angle 81 of the side surface of the source electrode which is in 

contact with the oxide semiconductor layer and angle 82 of the side surface of the drain 

electrode which is in contact with the oxide semiconductor layer are each set to be 

greater than or equal to 20° and less than 90°, so that the distance from the top edge to 

15 the bottom edge in the side surface of each electrode is increased. 

[0008] 

One embodiment of the present invention disclosed in this specification is a 

semiconductor device wherein a gate electrode is formed over a substrate having an 

insulating surface, an insulating layer is formed over the gate electrode, a source and 

20 drain electrodes are formed over the insulating layer, an oxide semiconductor layer is 

formed between their respective side surfaces of the source and drain electrodes, which 

face each other, so as to overlap with the gate electrode with the insulating layer 

interposed therebetween, and the angle formed between the surface of the substrate and 

the side surface of the source electrode and the angle formed between the surface of the 

25 substrate and the side surface of the drain electrode are each greater than or equal to 20° 

and less than 90°. 

30 

[0009] 

With the above embodiment, at least one of the objects can be achieved. 

[0010] 

A native oxide film is formed at least on the side surfaces of the source and 

drain electrodes, which depends on a metal material of the source and drain electrodes. 
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This native oxide film is formed by exposure to an atmosphere containing oxygen, such 

as the air, after etching for forming the source and drain electrodes. The native oxide 

film is also formed with oxygen contained in the atmosphere for deposition of the oxide 

semiconductor layer after etching for forming the source and drain electrodes. 

5 [0011] 

In order to prevent formation of the native oxide film on the electrodes, it is 

preferable that a buffer layer (also called an n + layer) is formed successively without 

exposure to the air on and in contact with a metal film formed by a sputtering method. 

This buffer layer is an oxide semiconductor layer which has lower resistance than the 

10 oxide semiconductor layer which is formed thereover, and functions as a source and 

drain regions. 

[0012] 

In the above-described embodiment, the buffer layer is provided on the top 

surfaces of the source and drain electrodes and the oxide semiconductor layer is 

15 provided on the buffer layer. The buffer layer (also called the n+ layer) is formed 

successively without exposure to the air, which prevents a native oxide film from being 

formed on the top surfaces of the source and drain electrodes. 

[0013] 

Further, in the bottom-gate thin film transistor, the pathway of a drain current 

20 (current pathway in the channel length direction) when the transistor is turned on by 

applying a voltage which is sufficiently higher than the threshold voltage to the gate 

electrode starts from the drain electrode and leads to the source electrode through the 

oxide semiconductor layer in the vicinity of the interface with the gate insulating film. 

[0014] 

25 Note that here the channel length of the bottom-gate thin film transistor in 

which the oxide semiconductor layer is provided over the source and drain electrodes 

corresponds to the shortest distance between the source and drain electrodes, and is the 

distance of the part of the oxide semiconductor layer in the vicinity of the interface with 

the gate insulating film, positioned between the source and drain electrodes. 

30 [0015] 

In the case where the n + layer is formed on and in contact with the top surface 

of each of the drain and source electrodes, when the conductivity of the native oxide 
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film formed on the side surface of each electrode is low, a main pathway of a drain 

current starts from the drain electrode and leads through the n + layer, a part of the oxide 

semiconductor layer in the vicinity of the interface with the side surface of the drain 

electrode, a part of the oxide semiconductor layer in the vicinity of the interface with the 

5 gate insulating film, a part of the oxide semiconductor layer in the vicinity of the 

interface with the side surface of the source electrode, and the n + layer to the source 

electrode. As for the oxide semiconductor layer formed by a sputtering method, the 

film quality in the vicinity of the interface with a surface on which the film is formed 

tends to be affected by the material of the surface on which the film is formed. The 

10 oxide semiconductor layer here has at least three interfaces with different materials: the 

interface with the n + layer, the interface with the side surface of each of the source and 

drain electrodes, and the interface with the gate insulating film. Therefore, in the 

oxide semiconductor layer, the interfacial state with the native oxide film on the side 

surface of the drain electrode is different from the interfacial state with the gate 

15 insulating film, so that a part of the oxide semiconductor layer, which is in the vicinity 

of the interface with the side surface of the drain electrode functions as a first 

electric-field relaxation region. Similarly, in the oxide semiconductor layer, the 

interfacial state with the native oxide film on the side surface of the source electrode is 

different from the interfacial state with the gate insulating film, so that a part of the 

20 oxide semiconductor layer, which is in the vicinity of the interface with the side surface 

of the source electrode functions as a second electric-field relaxation region. 

[0016] 

As described above, the regions of the oxide semiconductor layer, which 

overlap with the side surfaces of the source electrode and the drain electrode function as 

25 electric-field relaxation regions. 

[0017] 

With an oxide semiconductor used in this specification, a thin film of a material 

described as InM03(ZnO)m (m > 0) is formed, and a thin film transistor in which the 

thin film is used as a semiconductor layer is manufactured. Note that M denotes a 

30 single metal element or a plurality of metal elements selected from Ga, Fe, Ni, Mn, and 

Co. For example, M is Ga in some cases, and M includes another metal element in 

addition to Ga, such as either Ga and Ni or Ga and Fe, in some cases. Moreover, in the 
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oxide semiconductor, in some cases, a transition metal element such as Fe or Ni or an 

oxide of the transition metal is contained as an impurity element in addition to the metal 

element contained as M. In this specification, this thin film is also referred to as an 

In-Ga-Zn-0-based non-single-crystal film. 

5 [0018] 

An amorphous structure is observed by X-ray diffraction (XRD), as the crystal 

structure of the In-Ga-Zn-0-based non-single-crystal film. Note that heat treatment is 

performed on the In-Ga-Zn-0 non-single-crystal film to be observed at 200 to 500 °C, 

typically 300 to 400 °C, for 10 minutes to 100 minutes after the film deposition by a 

10 sputtering method. 

[0019] 

The angle 81 of the side surface of the source electrode which is in contact with 

the oxide semiconductor layer and the angle 82 of the side surface of the drain electrode 

which is in contact with the oxide semiconductor layer are each set to be greater than or 

15 equal to 20° and less than 90°, so that the distance from the top edge to the bottom edge 

of the electrode in the side surface of each electrode is increased, thereby increasing the 

lengths of the first and second electric-field relaxation regions to relax the electric-field 

concentration. Moreover, the distance from the top edge to the bottom edge of the 

electrode in the side surface of each electrode can also be increased by increasing the 

20 thickness of the electrode. 

[0020] 

Further, in the case where the oxide semiconductor layer is formed by a 

sputtering method, if the side surface of the electrode is vertical to the substrate surface, 

the thickness of a part of the oxide semiconductor layer, which is formed on the side 

25 surface of the electrode might be smaller than that of a part of the same, which is 

formed on the top surface of the electrode. Therefore, the angle 81 of the side surface 

of the source electrode which is in contact with the oxide semiconductor layer and the 

angle 82 of the side surface of the drain electrode which is in contact with the oxide 

semiconductor layer are each set to be greater than or equal to 20° and less than 90°, so 

30 that the thickness uniformity of the oxide semiconductor layer can be improved even 

over the side surface of each electrode and electric-field concentration can be relaxed. 
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[0021] 

Further, in the case where the straight line which connects the top edge of the 

side surface of the source electrode to the bottom edge of the side surface of the source 

electrode substantially coincides with the slope of the side surface of the source 

5 electrode as shown in FIG. 1, it can be said that the source electrode has a tapered shape, 

and the angle 81 of the side surface of the source electrode with respect to the surface of 

the substrate can also be called a first taper angle. Similarly, in the case where the 

straight line which connects the top edge of the side surface of the drain electrode to the 

bottom edge of the side surface of the drain electrode substantially coincides with the 

10 slope of the slope of the side surface of the drain electrode, it can be said that the drain 

electrode has a tapered shape, and the angle 82 of the side surface of the drain electrode 

with respect to the surface of the substrate can also be called a second taper angle. 

[0022] 

Further, the present invention is not limited to the shape in which the side 

15 surface of the electrode has only one angle, the side surface of the electrode may have a 

step as long as the angle 81 of the side surface of the bottom edge of the source 

electrode and the angle 82 of the side surface of the bottom edge of the drain electrode 

each are greater than or equal to 20° and less than 90°. 

20 

[0023] 

Another embodiment of the present invention is a semiconductor device 

wherein a gate electrode is formed over a substrate having an insulating surface, an 

insulating layer is formed over the gate electrode, a source and drain electrodes are 

formed over the insulating layer, an oxide semiconductor layer is formed between their 

respective side surfaces of the source and drain electrodes, which face each other, so as 

25 to overlap with the gate electrode with the insulating layer interposed therebetween, and 

the angle formed between the surface of the substrate and the side surface of a bottom 

edge of the source electrode and the angle formed between the surface of the substrate 

and the side surface of a bottom edge of the drain electrode each are greater than or 

equal to 20° and less than 90°. 

30 [0024] 

In the above embodiment, the angle formed between the surface of the 
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substrate and the side surface of the bottom edge of the source electrode is made to be 

different from the angle formed between the surface of the substrate and the side surface 

at a top edge of the source electrode. In addition, the angle formed between the 

surface of the substrate and the side surface of the bottom edge of the drain electrode is 

5 made to be different from the angle formed between the surface of the substrate and the 

side surface at a top edge of the drain electrode. The cross section of the side surface 

of the source electrode and that of the side surface of the drain electrode, which face 

each other with the oxide semiconductor layer interposed therebetween, have 

substantially the same shape as each other because the same etching step is performed 

10 thereon. 

[0025] 

For example, their respective angles of the side surfaces of the top edges of the 

source electrode and the drain electrode may be set to 90° so that their respective angles 

of the side surfaces of the bottom edges of the source electrode and the drain electrode 

15 are different from their respective angles of the side surfaces of the top edges of the 

source electrode and the drain electrode. By increasing their respective angles of the 

side surfaces of the top edges of the source electrode and the drain electrode to be 

greater than their respective angles of the side surfaces of the bottom edges of the 

source electrode and the drain electrodes, the interval between masks for forming the 

20 source and drain electrodes can be designed to be small, which can result in shorter 

design of the channel length, for example, a channel length of 1 to 10 µm. 

[0026] 

The side surface of each of the source and drain electrodes may have a curved 

surface; for example, in the cross-sectional shape of each of the source and drain 

25 electrodes, the bottom edge portion of the electrode may have one curved surface at 

least partly which originates from a center of a curvature radius, which is positioned 

outside the electrode. The side surface of each of the source and drain electrodes may 

have a cross-sectional shape which spreads toward the substrate from the top surface of 

each electrode. 

30 [0027] 

The electrodes, which can have various cross-sectional shapes as described 
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above, are formed by dry etching or wet etching. As an etching apparatus used for the 

dry etching, an etching apparatus using a reactive ion etching method (an RIE method), 

or a dry etching apparatus using a high-density plasma source such as ECR (electron 

cyclotron resonance) or ICP (inductively coupled plasma) can be used. As a dry 

5 etching apparatus by which uniform electric discharge can be obtained over a wider area 

as compared to an ICP etching apparatus, there is an ECCP (enhanced capacitively 

coupled plasma) mode apparatus in which an upper electrode is grounded, a 

high-frequency power source at 13.56 MHz is connected to a lower electrode, and 

further a low-frequency power source at 3.2 MHz is connected to the lower electrode. 

10 This ECCP mode etching apparatus can be applied even when, as the substrate, a 

substrate, the size of which exceeds 3 m of the tenth generation, is used, for example. 

[0028] 

Each of the source and drain electrodes may be a single layer or a stacked layer 

of at least two layers formed using two different materials. 

15 [0029] 

Another embodiment of the present invention, which relates to the 

manufacturing method to realize the above structure, is a method for manufacturing a 

semiconductor device, wherein a gate electrode is formed over a substrate having an 

insulating surface, a gate insulating layer is formed to cover the gate electrode, a 

20 conductive layer and a buffer layer are formed to be stacked over the gate insulating 

layer without exposure to the air, the conductive layer and the buffer layer are 

selectively etched to form a source and drain electrodes each having a side surface 

which forms an angle greater than or equal to 20° and less than 90° with respect to the 

surface of the substrate, and an oxide semiconductor layer is formed over the gate 

25 insulating layer, the source electrode, and the drain electrode. 

[0030] 

In the above-described embodiment which relates to the manufacturing method, 

the buffer layer contains indium, gallium, and zinc, and can be used using the same 

target as a target used for the oxide semiconductor layer formed over the buffer layer. 

30 The buffer layer and the oxide semiconductor layer can be separately formed by 

changing the film deposition atmosphere, and the manufacturing cost can be decreased 

by using the same target. 
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[0031] 

According to the above-described embodiment which relates to the 

manufacturing method, the conductive layer and the buffer layer are formed to be 

stacked over the gate insulating layer without exposure to the air, that is, successive film 

5 deposition is performed. 

[0032] 

In the above-described embodiment which relates to the manufacturing method, 

the conductive layer, which forms the source and drain electrodes, is formed using a 

metal material such as aluminum, tungsten, chromium, tantalum, titanium, or 

10 molybdenum, or an alloy material thereof. The conductive layer may be a stacked 

layer of at least two layers; for example, a stacked layer in which an aluminum layer as 

a bottom layer and a titanium layer as an upper layer are stacked, a stacked layer in 

which a tungsten layer as a bottom layer and a molybdenum layer as an upper layer are 

stacked, a stacked layer in which an aluminum layer as a bottom layer and a 

15 molybdenum layer as an upper layer are stacked, or the like can be used. 

[0033] 

Successive film deposition in this specification means that a series of steps 

from a first film deposition step by a sputtering method to a second film deposition step 

by a sputtering method are performed by controlling an atmosphere in which a process 

20 substrate is disposed so that it is constantly in vacuum or an inert gas atmosphere (a 

nitrogen atmosphere or a rare gas atmosphere) without being exposed to a contaminated 

atmosphere such as the air. By the successive film deposition, film deposition can be 

performed on the process substrate which has been cleaned, without further adhesion of 

moisture or the like. 

25 [0034] 

30 

Performing the senes of steps from the first deposition step to the second 

deposition step in the same chamber is within the scope of the successive film 

deposition in this specification. 

[0035] 

In addition, the following is also within the scope of the successive film 

deposition in this specification: in the case of performing the series of steps from the 

first film deposition step to the second film deposition step in different chambers, the 
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process substrate is transferred to another chamber without being exposed to the air 

after the first film deposition step and subjected to the second film deposition. 

[0036] 

Further, the following is also within the scope of the successive film deposition 

5 in this specification: a substrate transfer step, an alignment step, a slow-cooling step, a 

step of heating or cooling the substrate to a temperature which is necessary for the 

second film deposition step, or the like is provided between the first film deposition step 

and the second film deposition step. 

10 

15 

[0037] 

However, the case in which a step in which liquid is used, such as a cleaning 

step, wet etching, or resist formation, is provided between the first film deposition step 

and the second film deposition step is not within the scope of the successive film 

deposition in this specification. 

[0038] 

In this specification, a word which expresses a direction, such as "over", 

"below", "side", "horizontal", or "vertical", indicates a direction based on the substrate 

surface in the case where a device is provided over the surface of the substrate. 

[0039] 

Note that the ordinal numerals such as "first" and "second" in this specification 

20 are used for convenience and do not denote the order of steps or the stacking order of 

layers. In addition, the ordinal numbers in this specification do not denote particular 

names which specify the present invention. 

[0040] 

The angle formed by the surface of the substrate and the side surface of the 

25 source electrode and the angle formed by the surface of the substrate and the side 

surface of the drain electrode are adjusted, so that the coverage by the oxide 

semiconductor layer provided over the source and drain electrodes is improved. 

[0041] 

An electric-field relaxation region 1s provided, so that electric-field 

30 concentration which might occur between the source and drain electrodes is relaxed and 

degradation of the switching characteristics of the thin film transistor is suppressed. 
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5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] 

FIG. 1 lS a cross-sectional view showing one example of a semiconductor 

device. 

FIG. 2 lS a cross-sectional view showing one example of a semiconductor 

device. 

FIGS. 3A and 3B are cross-sectional views showing one example of a method 

for manufacturing a semiconductor device. 

FIGS. 4A to 4C are cross-sectional views showing one example of a method 

10 for manufacturing a semiconductor device. 

15 

FIG. 5 is a top view showing one example of a method for manufacturing a 

semiconductor device. 

FIG. 6 is a top view showing one example of a method for manufacturing a 

semiconductor device. 

FIG. 7 is a top view showing one example of a method for manufacturing a 

semiconductor device. 

FIG. 8 is a top view showing one example of a method for manufacturing a 

semiconductor device. 

FIGS. 9Al and 9Bl are views showing one example of a cross-sectional view 

20 of a terminal portion and FIGS. 9A2 and 9B2 are views showing one example of a top 

view of the terminal portion. 

FIG. 10 is a top view showing one example of a method for manufacturing a 

semiconductor device. 

FIG. 11 is a cross-sectional view showing one example of a semiconductor 

25 device. 

30 

FIGS. 12 A and 12B are views showing examples of a block diagram of 

semiconductor device. 

FIG. 13 is a diagram showing one example of a structure of a signal line driver 

circuit. 

FIG. 14 is a timing chart showing an operation of a signal line driver circuit. 

FIG. 15 is a timing chart showing one example of an operation of a signal line 

driver circuit. 
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FIG. 16 is a diagram showing one example of a structure of a shift register. 

FIG. 17 is a diagram showing a connection structure of the flip-flop shown in 

FIG. 16. 

FIG. 18 is a diagram showing one example of a pixel equivalent circuit of a 

5 semiconductor device. 

FIGS. 19A to 19C are cross-sectional views showing examples of a 

semiconductor device. 

FIG. 20Al and 20A2 are top views showing examples of a semiconductor 

device, and FIG. 20B is a cross-sectional view showing one example of a semiconductor 

10 device. 

FIG. 21 is a cross-sectional view showing one example of a semiconductor 

device. 

FIGS. 22A and 22B are a top view and a cross-sectional view showing one 

example of a semiconductor device. 

15 FIGS. 23A and 23B are views showing examples of a usage pattern of 

20 

electronic paper. 

FIG. 24 is an external view of one example of an electronic book reader. 

FIGS. 25A and 25B are external views showing respective examples of a 

television device and a digital photo frame. 

FIGS. 26A and 26B are external views showing examples of an amusement 

machine. 

FIG. 27 is an external view showing one example of a mobile phone. 

FIG. 28 is a graph showing one example of electrical characteristics of a thin 

film transistor. 

25 FIG. 29 is a top view of a thin film transistor manufactured to measure the 

electrical characteristics. 

FIGS. 30A to 30C are cross-sectional views showing a process for 

manufacturing a sample. 

FIGS. 31A and 31B are a photograph and a cross-sectional view showing a part 

30 of the cross-section of a sample. 

FIG. 32A is a view showing one example of a cross-sectional structure of a 

semiconductor device, FIG. 32B is an equivalent circuit diagram thereof, and FIG. 32C 
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10 

is a top view thereof. 

model. 

FIGS. 33A to 33C are cross-sectional views showing structures of a calculation 

FIG. 34 is a graph showing calculation results. 

FIG. 35 is a graph showing calculation results. 

FIG. 36 is a graph showing calculation results. 

FIGS. 37A and 37B are graphs showing calculation results (comparative 

examples). 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] 

Embodiments and examples of the present invention will be hereinafter 

described. 

[Embodiment 1] 

15 [0044] 

20 

The case in which a thin film transistor 170 is provided over a substrate is 

illustrated in FIG. 1. FIG. 1 is one example of a cross-sectional view of a thin film 

transistor. 

[0045] 

A gate electrode 101 provided over a substrate 100 having an insulating surface 

is covered with a gate insulating layer 102, and a first wiring and a second wiring are 

provided over the gate insulating layer 102 which overlaps with the gate electrode 101. 

A buffer layer is provided over each of the first wiring and the second wiring which 

function as a source electrode layer 105a and a drain electrode layer 105b. A first 

25 buffer layer 104a is provided over the source electrode layer 105a, and a second buffer 

layer 104b is provided over the drain electrode layer 105b. An oxide semiconductor 

layer 103 is provided over the first buffer layer 104a and the second buffer layer 104b. 

[0046] 

In FIG. 1, as the substrate 100 having a light-transmitting property, a glass 

30 substrate of barium borosilicate glass, aluminoborosilicate glass, or the like typified by 

7059 glass, 1737 glass, or the like manufactured by Corning, Inc. can be used. 

[0047] 
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The gate electrode 101 is a single layer or a stacked layer made of different 

metal materials. As a material of the gate electrode 101, a metal material (an element 

selected from aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), tungsten (W), 

molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc), or an alloy 

5 including the element as a component) is used. The angle of the side surface of the 

gate electrode 101 is set to be greater than or equal to 20° and less than 90°. The gate 

electrode 101 is formed by etching so as to have a tapered shape at least in the edge 

portion thereof. 

10 

[0048] 

The gate insulating layer 102 may be formed to have a single-layer structure or 

a stacked-layer structure using an insulating film obtained by a sputtering method or a 

plasma CVD method, such as a silicon oxide film, a silicon oxynitride film, a silicon 

nitride film, an aluminum oxide film, or a tantalum oxide film. It is preferable to 

select a material which can provide an etching selectivity which is high enough for the 

15 etching for forming the source electrode layer 105a and the drain electrode layer 105b 

which are formed over the gate insulating layer 102. In etching the source electrode 

layer 105a and the drain electrode layer 105b, the surface of the gate insulating layer 

102 may be etched off by about 20 nm at a maximum; and it is preferable to etch off the 

superficial layer of the gate insulating layer 102 by a small thickness in order to remove 

20 an etching residue of the metal material. 

[0049] 

The source electrode layer 105a and the drain electrode layer 105b each are a 

single layer or a stacked layer made of different metal materials. As a material of each 

of the source electrode layer 105a and the drain electrode layer 105b, a metal material 

25 (an element selected from aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), 

tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc), 

or an alloy including the element as a component) is used. 

[0050] 

With respect to the cross-sectional shape of the source electrode layer 105a, as 

30 shown in FIG. 1, angle 81 formed between the surface of the substrate and the side 

surface of the source electrode layer 105a is set to be greater than or equal to 20° and 
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less than 90°. Similarly, with respect to the cross-sectional shape of the drain electrode 

layer 105b, as shown in FIG. 1, angle 82 formed between the surface of the substrate 

and the side surface of the drain electrode layer 105b is set to be greater than or equal to 

20° and less than 90°. The angle 81 and the angle 82 are substantially the same as 

5 each other because the same etching step (dry etching or wet etching) is performed 

thereon. The angle 81 of the side surface of the source electrode layer 105a which is 

in contact with the oxide semiconductor layer and the angle 82 of the side surface of the 

drain electrode layer 105b which is in contact with the oxide semiconductor layer are 

each set to be greater than or equal to 20° and less than 90°, so that the distance from 

10 the top edge to the bottom edge in the side surface of each of the source electrode layer 

105a and the drain electrode layer 105b is increased. 

[0051] 

Although the angles 81 and 82 are described when it is assumed that the plane 

of the back surface of the substrate is the substrate surface in FIG. 1, the present 

15 invention is not limited thereto, and the angles 81 and 82 are not changed even when it 

is assumed that the plane of the front surface of the substrate is the substrate surface 

because the plane of the back surface of the substrate is in parallel to the plane of the 

front surface of the substrate. 

[0052] 

20 The oxide semiconductor layer 103 is formed over the source electrode layer 

105a and the drain electrode layer 105b having the above-described shapes. The oxide 

semiconductor layer 103 is formed as follows: film deposition is performed using an 

oxide semiconductor target including In, Ga, and Zn (In20 3:Ga20 3:Zn0 = 1:1:1), under 

a condition in which the distance between the substrate and the target is 170 mm, the 

25 pressure is 0.4 Pa, and the direct-current (DC) power source is 0.5 kW, in an argon 

atmosphere containing oxygen, and a resist mask is formed and the deposited film is 

selectively etched off to remove the unnecessary portion thereof. Note that it is 

preferable to use a pulsed direct-current (DC) power source with which dust can be 

reduced and thickness distribution can be evened. The thickness of the oxide 

30 semiconductor film is set to be 5 to 200 nm. In this embodiment, the thickness of the 

oxide semiconductor film is 100 nm. 
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[0053] 

It is preferable to provide the first buffer layer 104a between the source 

electrode layer 105a and the oxide semiconductor layer 103. It is preferable to provide 

the second buffer layer 104b between the drain electrode layer 105b and the oxide 

5 semiconductor layer 103. 

[0054] 

The first buff er layer 104a and the second buff er layer 104b each are an oxide 

semiconductor layer (n+ layer) which have lower resistance than the oxide 

semiconductor layer 103, and function as a source and drain regions. 

10 [0055] 

In this embodiment, the n + layers are each formed as follows: film deposition is 

performed by a sputtering method using a target in which In20 3:Ga20 3:Zn0 = 1:1:1, 

under a condition in which the pressure is 0.4 Pa, the power is 500 W, the deposition 

temperature is room temperature, and the argon-gas flow rate is 40 seem. Despite the 

15 use of the target in which In20 3:Ga20 3:Zn0 = 1:1:1, an In-Ga-Zn-0-based 

non-single-crystal film including crystal grains with a size of 1 to 10 nm may be formed 

immediately after the start of the film deposition. Note that it can be said that the 

presence or absence of crystal grains or the density of crystal grains can be adjusted and 

the diameter size can be adjusted within the range of 1 to 10 nm by appropriate 

20 adjustment of the composition ratio in the target, the film deposition pressure (0.1 to 2.0 

Pa), the power (250 to 3000 W: 8 inches 0), the temperature (room temperature to 

100 °C), the reactive sputtering deposition conditions, and/or the like. The second 

In-Ga-Zn-0-based non-single-crystal film has a thickness of 5 to 20 nm. Needless to 

say, when the film includes crystal grains, the size of each crystal grain does not exceed 

25 the thickness of the film. In this embodiment, the thickness of the second 

In-Ga-Zn-0-based non-single-crystal film is 5 nm. 

[0056] 

By forming and stacking the conductive film which forms the source electrode 

layer 105a and the drain electrode layer 105b and the oxide semiconductor film which 

30 forms then+ layers without exposing to the air, by a sputtering method, the source and 

drain electrode layers can be prevented from being exposed to the air during the 

manufacturing process, so that dust can be prevented from attaching thereto. 
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[0057] 

As for the oxide semiconductor layer 103 formed by a sputtering method, the 

film quality in the vicinity of the interface with a surface on which the film is formed 

tends to be affected by the material of the surface on which the film is formed. The 

5 oxide semiconductor layer here has at least three interfaces with different materials: the 

interface with the n + layer, the interface with the side surface of each of the source and 

drain electrodes, and the interface with the gate insulating film. Therefore, in the 

oxide semiconductor layer 103, the interfacial state with the native oxide film on the 

side surface of the drain electrode layer is different from the interfacial state with the 

10 gate insulating film, so that a part of the oxide semiconductor layer, which is in the 

vicinity of the interface with the side surface of the drain electrode layer functions as the 

first electric-field relaxation region 106a. Similarly, in the oxide semiconductor layer, 

the interfacial state with the native oxide film on the side surface of the source electrode 

is different from the interfacial state with the gate insulating film, so that a part of the 

15 oxide semiconductor layer, which is in the interface vicinity with the side surface of the 

source electrode functions as the second electric-field relaxation region 106b. The 

angle 81 of the side surface of the source electrode which is in contact with the oxide 

semiconductor layer and the angle 82 of the side surface of the drain electrode which is 

in contact with the oxide semiconductor layer are each set to be greater than or equal to 

20 20° and less than 90°, so that the distance from the top edge to the bottom edge of the 

electrode in the side surface of each electrode is increased, thereby increasing length L 1 

of the first electric-field relaxation region 106a and length L2 of the second 

electric-field relaxation region 106b to relax the electric-field concentration. The 

distance from the top edge to the bottom edge of the electrode in the side surface of 

25 each electrode can also be increased by increasing the thickness of the electrode. 

[0058] 

Further, in the case where the oxide semiconductor layer 103 is formed by a 

sputtering method, if the side surface of the electrode is vertical to the substrate surface, 

the thickness of a part of the oxide semiconductor layer 103, which is formed on the 

30 side surface of the electrode might be smaller than that of a part of the same, which is 

formed on the top surface of the electrode. Therefore, the angle 81 of the side surface 
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of the source electrode which is in contact with the oxide semiconductor layer and the 

angle 82 of the side surface of the drain electrode which is in contact with the oxide 

semiconductor layer are each set to be greater than or equal to 20° and less than 90°, so 

that the thickness uniformity of the oxide semiconductor layer can be improved even 

5 over the side surface of each electrode, a partial reduction in the thickness of the oxide 

semiconductor layer 103 can be suppressed, and electric-field concentration can be 

relaxed. 

[Embodiment 2] 

[0059] 

10 The case where the straight line which connects the top edge of the side surface 

of the source electrode layer (or the drain electrode layer) to the bottom edge of the side 

surface of the source electrode layer (or the drain electrode layer) substantially 

coincides with the slope of the side surface of the source electrode layer (or the drain 

electrode layer) is illustrated in FIG. 1. In Embodiment 2, the case where the side 

15 surface of a source electrode layer (or a drain electrode layer) has a step will be 

described using FIG. 2. The side surface of the electrode may have a step as long as 

angle 81 of the side surface of the bottom edge of the source electrode layer and angle 

82 of the side surface of the bottom edge of the drain electrode layer each are greater 

than or equal to 20° and less than 90°. Note that, in FIG. 2, the same reference 

20 numerals are used for the portions that are common to those in FIG. 1. 

[0060] 

A gate electrode 101 provided over a substrate 100 having an insulating surface 

is covered with a gate insulating layer 102, and a first wiring and a second wiring are 

provided over the gate insulating layer 102 which overlaps with the gate electrode 101. 

25 A buffer layer is provided over each of the first wiring and the second wiring which 

function as a source electrode layer 405a and a drain electrode layer 405b. A first 

buffer layer 404a is provided over the source electrode 405a, and a second buffer layer 

404b is provided over the drain electrode layer 405b. An oxide semiconductor layer 

403 is provided over the first buffer layer 404a and the second buffer layer 404b. 

30 [0061] 

The substrate 100 having an insulating surface, the gate electrode 101, and the 
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gate insulating layer 102 are the same as in Embodiment 1, and specific description 

thereof is omitted in this embodiment. 

[0062] 

The source electrode layer 405a and the drain electrode layer 405b each are a 

5 single layer or a stacked layer made of different metal materials. As a material of each 

of the source electrode layer 405a and the drain electrode layer 405b, a metal material 

(an element selected from aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), 

tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc), 

or an alloy including the element as a component) is used. 

10 [0063] 

Described in this embodiment is the case where a single layer of a tungsten 

film with a thickness of 100 nm is used as the source electrode layer 405a and the drain 

electrode layer 405b, and the side surface shapes of the source electrode layer 405a and 

the drain electrode layer 405b shown in FIG. 2 are formed by using an ICP etching 

15 apparatus using a coiled antenna. 

[0064] 

In this embodiment, etching is performed by generating plasma under the 

following condition: the gas flow rate of CF 4 is 25 seem, the gas flow rate of Ch is 25 

seem, the gas flow rate of 0 2 is 10 seem, and an RF (13.56 MHz) power of 500 Wis 

20 applied to a coiled electrode at a pressure of 1.5 Pa. An RF (13.56 MHz) power of 10 

W is applied to the substrate side (sample stage), which means that a negative self-bias 

voltage is substantially applied thereto. This etching is stopped when at least the gate 

insulating film 102 is exposed to some extent, thereby forming the side surface of the 

electrode, which has a step. 

25 [0065] 

By the above etching condition, with respect to the cross-sectional shape of the 

source electrode layer 405a, the angle 81 formed between the surface of the substrate 

and the bottom edge of the side surface of the source electrode layer 405a can be made 

to be greater than or equal to 20° and less than 90°; and as shown in FIG. 2, 81 is about 

30 40°. Further, the angle formed between the surface of the substrate and the top edge of 

the side surface of the source electrode layer 405a is about 90°. The cross section of 
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the side surface of the source electrode layer 405a and that of the side surface of the 

drain electrode layer 405b, which face each other with the oxide semiconductor layer 

403 interposed therebetween, have substantially the same shape as each other because 

the same etching step is performed thereon. 

5 [0066] 

By increasing their respective angles of the side surfaces of the top edges of the 

source electrode layer 405a and the drain electrode layer 405b to be greater than their 

respective angles of the side surfaces of the bottom edges of the source electrode layer 

405a and the drain electrode layer 405b, the interval between masks for forming the 

10 source and drain electrode layers 405a and 405b can be designed to be small, which can 

result in shorter design of the channel length, for example, a channel length of 1 to 10 

µm. 

[0067] 

The present invention is not limited to the above-described method, and a step 

15 can also be formed in the side surface of each electrode by the following: materials 

having different etching rates of an etching gas, which form the source electrode layer 

405a and the drain electrode layer 405b, are stacked such that a material layer having a 

low etching rate and a material layer having a high etching rate are stacked as a lower 

layer and an upper layer respectively, and etching is performed thereon. 

20 [0068] 

The two side surfaces of the electrodes which face each other with the oxide 

semiconductor layer 403 interposed therebetween each have a step, so that the distance 

from the top edge to the bottom edge of the electrode in the side surface of each 

electrode is increased, thereby increasing length L3 of a first electric-field relaxation 

25 region 406a and length L4 of a second electric-field relaxation region to relax the 

electric-field concentration. 

[0069] 

In order to further increase the distance from the top edge to the bottom edge of 

the electrode in the side surface of each of the source electrode layer and the drain 

30 electrode layer, wet etching may be performed after the above-described dry etching to 

provide a curved surface partly for the side surfaces of the electrodes which face each 

other with the oxide semiconductor layer 403 interposed therebetween. 
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[0070] 

Alternatively, instead of the above-described dry etching, the source electrode 

layer and the drain electrode layer may be formed by wet etching so that the angle 81 of 

the side surface of the bottom edge of the source electrode layer and the angle 82 of the 

5 side surface of the bottom edge of the drain electrode layer each are greater than or 

equal to 20° and less than 90°. The side surface of each of the source and drain 

electrode layers may have a cross-sectional shape which spreads toward the substrate 

from the top surface of each electrode layer. 

[0071] 

10 This embodiment can be combined with Embodiment 1, as appropriate. 

[Embodiment 3] 

[0072] 

In this embodiment, a thin film transistor and a manufacturing process thereof 

are described with reference to FIGS. 3A and 3B, 4A to 4C, 5 to 8, and FIGS. 9Al and 

15 9A2 and 9Bl and 9B2. 

[0073] 

20 

In FIG. 3A, as a substrate 100 having a light-transmitting property, a glass 

substrate of barium borosilicate glass, aluminoborosilicate glass, or the like can be used. 

[0074] 

Then, a conductive layer is formed over the entire surface of the substrate 100, 

a first photolithography step is performed to form a resist mask, and an unnecessary 

portion is removed by etching to form wirings and an electrode (a gate wiring including 

a gate electrode 101, a capacitor wiring 108, and a first terminal 121). At this time, the 

etching is performed so that at least the edge portion of the gate electrode 101 is tapered. 

25 FIG. 3A is a cross-sectional view at this stage. A top view at this stage corresponds to 

FIG. 5. 

[0075] 

The gate wiring including the gate electrode 101, the capacitor wiring 108, and 

the first terminal 121 in a terminal portion are each formed using an element selected 

30 from titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr), 

neodymium (Nd), aluminum (Al), and copper (Cu), or an alloy including the element as 
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a component, an alloy film in which the elements are combined, or a nitride including 

the element as a component. Among these, it is preferable to use a low-resistance 

conductive material such as aluminum (Al) or copper (Cu), but however, since 

aluminum itself has disadvantages such as low heat resistance and a tendency to be 

5 corroded, the following is used to form them: an element selected from titanium (Ti), 

tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr), and neodymium (Nd), 

aluminum (Al), and copper (Cu), an alloy film including a combination of any or all of 

these elements, or a nitride including the element as a component. 

[0076] 

10 Then, a gate insulating layer 102 is formed entirely over the gate electrode 101. 

The gate insulating layer 102 is formed with a thickness of 50 to 250 nm by a sputtering 

method or the like. 

[0077] 

For example, as the gate insulating layer 102, a 100-nm-thick silicon oxide film 

15 is formed by a sputtering method. The gate insulating layer 102 is not limited to such 

a silicon oxide film and may be a single layer or a stacked layer using another insulating 

film such as a silicon oxynitride film, a silicon nitride film, an aluminum oxide film, or 

a tantalum oxide film. 

[0078] 

20 Next, a conductive film is formed usmg a metal material over the gate 

insulating layer 102 by a sputtering method or a vacuum evaporation method. As the 

material of the conductive film, there are an element selected from Al, Cr, Ta, Ti, Mo, 

and W, an alloy including any of these elements as a component, an alloy film including 

a combination of any or all of these elements, and the like. In this embodiment, the 

25 conductive film is formed by stacking an aluminum (Al) film and a titanium (Ti) film in 

this order. Alternatively, the conductive film may have a three-layer structure in which 

a titanium film is stacked over a tungsten film. Further alternatively, the conductive 

film may have a single-layer structure of a titanium film or an aluminum film including 

silicon. 

30 [0079] 

Next, a first oxide semiconductor film (a first In-Ga-Zn-0-based 

non-single-crystal film) is formed over the conductive film by a sputtering method. In 
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this embodiment, the first oxide semiconductor film 1s formed as follows: film 

deposition is performed by a sputtering method using a target in which 

In20 3:Ga20 3:Zn0 = 1:1:1, under a condition in which the pressure is 0.4 Pa, the power 

is 500 W, the deposition temperature is room temperature, and the argon-gas flow rate is 

5 40 seem. Despite the use of the target in which In20 3:Ga20 3:Zn0 = 1:1:1, an 

In-Ga-Zn-0-based non-single-crystal film including crystal grains with a size of 1 to 10 

nm may be formed immediately after the start of the film deposition. Note that it can 

be said that the presence or absence of crystal grains or the density of crystal grains can 

be adjusted and the diameter size can be adjusted within the range of 1 to 10 nm by 

10 appropriate adjustment of the composition ratio in the target, the film deposition 

pressure (0.1 to 2.0 Pa), the power (250 to 3000 W: 8 inches 0), the temperature (room 

temperature to 100 °C), the reactive sputtering deposition conditions, and/or the like. 

The first In-Ga-Zn-0-based non-single-crystal film has a thickness of 5 to 20 nm. 

Needless to say, when the film includes crystal grains, the size of the crystal grains does 

15 not exceed the thickness of the film. In this embodiment, the thickness of the first 

In-Ga-Zn-0-based non-single-crystal film is 5 nm. 

[0080] 

Next, a second photolithography step is performed to form a resist mask, and 

the first In-Ga-Zn-0-based non-single-crystal film is etched. In this embodiment, wet 

20 etching using IT007N (manufactured by Kanto Chemical Co., Inc.) is performed to 

remove an unnecessary portion in a pixel portion, so that first In-Ga-Zn-0-based 

non-single-crystal films 11 la and 111 b are formed. The etching here is not limited to 

wet etching and may be dry etching. 

25 

[0081] 

Next, with use of the same resist mask as used for the etching of the first 

In-Ga-Zn-0-based non-single-crystal film, an unnecessary portion is removed by 

etching to form a source electrode layer 105a and a drain electrode layer 105b. Wet 

etching or dry etching is used as the etching method at this time. Here, dry etching 

using a mixed gas of SiC14, Ch, and BCh is performed to etch the conductive film in 

30 which the Al film and the Ti film are stacked, so that a source electrode layer 105a and a 

drain electrode layer 105b are formed. The cross-section at this stage is illustrated in 

FIG. 3B. FIG. 6 is a top view at this stage. 
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[0082] 

By this etching, angle 81 of the side surface of the source electrode layer 105a 

and angle 82 of the side surface of the drain electrode layer 105b which are in contact 

with an oxide semiconductor layer formed later are made to be greater than or equal to 

5 20° and less than 90°. Tapered shapes of the side surfaces of the electrodes which face 

each other with the oxide semiconductor layer interposed therebetween enable 

respective regions of the oxide semiconductor layer, which overlap with the side 

surfaces of the source electrode layer and the drain electrode layer to function as 

electric-field relaxation regions. 

10 [0083] 

In the second photolithography process, a second terminal 122 formed using 

the same material as the material of the source electrode layer 105a and the drain 

electrode layer 105b remains in a terminal portion. Note that the second terminal 122 

is electrically connected to a source wiring (a source wiring including the source 

15 electrode layer 105a). In the terminal portion, a first In-Ga-Zn-0-based 

non-single-crystal film 123 remains over the second terminal 122 to overlap with the 

second terminal 122. 

[0084] 

In a capacitor portion, a capacitor electrode layer 124 which is made from the 

20 same material as the material of the source electrode layer 105a and the drain electrode 

layer 105b remains. In addition, in the capacitor portion, a first In-Ga-Zn-0-based 

non-single-crystal film 11 lc remains over the capacitor electrode layer 124 to overlap 

with capacitor electrode layer 124. 

[0085] 

25 Next, the resist mask is removed, and then, a second oxide semiconductor film 

(a second In-Ga-Zn-0-based non-single-crystal film in this embodiment) formed 

without exposure to the air. Formation of the second In-Ga-Zn-0-based 

non-single-crystal film without exposure to the air after the plasma treatment is effective 

in preventing dust and the like from attaching to the interface between the gate 

30 insulating layer and the semiconductor film. In this embodiment, the second 

In-Ga-Zn-0-based non-single-crystal film is formed in an argon or oxygen atmosphere 
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using an oxide semiconductor target having a diameter of 8 inches and containing In, 

Ga, and Zn (In20 3:Ga20 3:Zn0 = 1: 1: 1 ), with the distance between the substrate and the 

target set to 170 mm, under a pressure of 0.4 Pa, and with a direct-current (DC) power 

source of 0.5 kW. Note that it is preferable to use a pulsed direct-current (DC) power 

5 source with which dust can be reduced and thickness distribution can be evened. The 

second In-Ga-Zn-0-based non-single-crystal film is formed to have a thickness of 5 to 

200 nm. In this embodiment, the thickness of the second In-Ga-Zn-0-based 

non-single-crystal film is 100 nm. 

[0086] 

10 The film deposition condition of the second In-Ga-Zn-0-based 

non-single-crystal film is different from that of the first In-Ga-Zn-0-based 

non-single-crystal film, thereby forming the second In-Ga-Zn-0-based 

non-single-crystal film to have a higher electrical resistance than the first 

In-Ga-Zn-0-based non-single-crystal film. For example, the second 

15 In-Ga-Zn-0-based non-single-crystal film is formed under a condition where the ratio 

of an oxygen gas flow rate to argon gas flow rate is higher than the ratio of an oxygen 

gas flow rate to an argon gas flow rate under the deposition condition of the first 

In-Ga-Zn-0-based non-single-crystal film. Specifically, the first In-Ga-Zn-0-based 

non-single-crystal film is formed in a rare gas (e.g., argon or helium) atmosphere (or an 

20 atmosphere, less than or equal to 10 % of which is an oxygen gas and greater than or 

equal to 90 % of which is an argon gas), and the second In-Ga-Zn-0-based 

non-single-crystal film is formed in an oxygen atmosphere (or an atmosphere in which 

the ratio of an oxygen gas flow rate to an argon gas flow rate is 1: 1 or higher). 

[0087] 

25 Then, heat treatment is preferably performed at 200 to 600 °C, typically, 300 to 

500 °C. In this embodiment, heat treatment is performed under a nitrogen atmosphere 

or the air in a furnace at 350 °C for 1 hour. Through this heat treatment, rearrangement 

at the atomic level occurs in the In-Ga-Zn-0-based non-single-crystal film. Because 

strain energy which inhibits carrier movement is released by the heat treatment, the heat 

30 treatment (including optical annealing) is important. There is no particular limitation 

on the timing of heat treatment as long as it is performed after formation of the second 
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In-Ga-Zn-0-based non-single-crystal film, and for example, heat treatment may be 

performed after formation of a pixel electrode. 

[0088] 

Next, a third photolithography process is performed to form a resist mask, and 

5 an unnecessary portion is removed by etching, so that a semiconductor layer 103 is 

formed. In this embodiment, wet etching using IT007N (manufactured by Kanto 

Chemical Co., Inc.) is performed to remove the second In-Ga-Zn-0-based 

non-single-crystal film, so that the semiconductor layer 103 is formed. In the case of 

the removal by wet etching, an oxide semiconductor can be reproduced using a waste 

10 solution of the etching to use for manufacturing a target again. 

[0089] 

Indium or gallium contained in an oxide semiconductor, which is known as a 

rare metal, can achieve resource saving and cost reduction of a product formed using an 

oxide semiconductor by recycle of it. 

15 [0090] 

The same etchant is used for the first In-Ga-Zn-0-based non-single-crystal film 

and the second In-Ga-Zn-0-based non-single-crystal film, and therefore, the first 

In-Ga-Zn-0-based non-single-crystal film is removed by this etching. Therefore, a 

side surface of the first In-Ga-Zn-0-based non-single-crystal film, which is covered 

20 with the second In-Ga-Zn-0-based non-single-crystal film is protected whereas parts of 

the first In-Ga-Zn-0-based non-single-crystal films 11 la and 111 b, which are exposed 

to the outside are etched, so that a first buffer layer 104a and a second buffer layer 104b 

are formed. The etching of the semiconductor layer 103 is not limited to wet etching 

and may be dry etching. Through the above steps, a thin film transistor 170 including 

25 the semiconductor layer 103 as a channel formation region can be manufactured. A 

cross-sectional view at this stage is FIG. 4A. A top view at this stage is FIG. 7. 

[0091] 

Next, the resist mask is removed, and a protective insulating film 107 is formed 

to cover the semiconductor layer. The protective insulating film 107 can be formed 

30 using a silicon nitride film, a silicon oxide film, a silicon oxynitride film, an aluminum 

oxide film, an aluminum oxynitride film, a tantalum oxide film, or the like by a 

sputtering method or the like. 
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[0092] 

Then, a fourth photolithography step is performed to form a resist mask, so that 

the protective insulating film 107 is etched to form a contact hole 125 reaching the drain 

electrode layer 105b. In addition, a contact hole 127 reaching the second terminal 122 

5 is also formed in the same etching step. In addition, a contact hole 109 reaching the 

capacitor electrode layer 124 is also formed in the same etching step. In order to 

reduce the number of masks, the gate insulating layer is preferably etched using the 

same resist mask so that a contact hole 126 reaching the gate electrode is formed using 

the same resist mask. A cross-sectional view at this stage is FIG. 4B. 

10 [0093] 

Then, the resist mask is removed, and a transparent conductive film is formed. 

The transparent conductive film is formed using indium oxide (In20 3), an alloy of 

indium oxide and tin oxide (In203-Sn02, abbreviated as ITO), or the like by a sputtering 

method, a vacuum evaporation method, or the like. Etching treatment of such a 

15 material is performed with a hydrochloric acid based solution. Instead, because a 

residue tends to be generated particularly in etching of ITO, an alloy of indium oxide 

and zinc oxide (In20 3-Zn0) may be used in order to improve etching processability. 

[0094] 

Next, a fifth photolithography step is performed to form a resist mask, so that 

20 an unnecessary portion is removed by etching to form a pixel electrode 110. 

[0095] 

In the fifth photolithography step, a storage capacitor 1s formed by the 

capacitor electrode layer 124 and the pixel electrode layer 110 with the gate insulating 

layer 102 in the capacitor portion, used as a dielectric. The capacitor wiring 108 is 

25 electrically connected to the capacitor electrode layer 124 through the contact hole 109. 

[0096] 

Furthermore, in the fifth photolithography step, the first terminal and the 

second terminal are covered with the resist mask so that transparent conductive films 

128 and 129 remain in the terminal portion. The transparent conductive films 128 and 

30 129 serve as electrodes or wirings that are used for connection with an FPC. The 

transparent conductive film 129 formed over the second terminal 122 serves as a 

terminal electrode for connection which functions as an input terminal for the source 
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wmng. 

[0097] 

Then, the resist mask is removed, and a cross-sectional view at this stage is FIG. 

4C. A top view at this stage is FIG. 8A. 

5 [0098] 

FIGS. 9Al and 9A2 are a cross-sectional view and a top view of a gate wiring 

terminal portion at this stage, respectively. FIG. 9Al is a cross-sectional view along 

line Cl-C2 in FIG. 9A2. In FIG. 9Al, a transparent conductive film 155 formed over a 

protective insulating film 154 is a connecting terminal electrode which functions as an 

10 input terminal. Furthermore, in a terminal portion of FIG. 9Al, a first terminal 151 

formed using the same material as the material of a gate wiring and a connection 

electrode 153 formed using the same material as the material of a source wiring overlap 

each other with a gate insulating layer 152 interposed therebetween, and are electrically 

connected to each other through the transparent conductive film 155. Note that a 

15 portion where the transparent conductive film 128 and the first terminal 121 shown in 

FIG. 4C are in contact with each other corresponds to a portion where the transparent 

conductive film 155 and the first terminal 151 are in contact with each other in FIG. 

9Al. 

20 

[0099] 

FIGS. 9Bl and 9B2 are a cross-sectional view and a top view of a source 

wmng terminal portion which is different from the source wiring terminal portion 

shown in FIG. 4C, respectively. FIG. 9B 1 is a cross-sectional view along line D 1-D2 

in FIG. 9B2. In FIG. 9Bl, a transparent conductive film 155 formed over a protective 

insulating film 154 is a connection terminal electrode which functions as an input 

25 terminal. In a terminal portion in FIG. 9Bl, an electrode 156 formed using the same 

material as the material of a gate wiring is located under and overlaps with a second 

terminal 150 electrically connected to a source wiring with a gate insulating layer 102 

interposed therebetween. The electrode 156 is not electrically connected to the second 

terminal 150. When the electrode 156 is set to, for example, floating, GND, or 0 V 

30 such that the potential the electrode 156 is different from the potential of the second 

terminal 150, a capacitor for preventing noise or static electricity can be formed. In 

addition, the second terminal 150 is electrically connected to the transparent conductive 
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film 155 with the protective insulating film 154 interposed therebetween. 

[0100] 

A plurality of gate wirings, source wirings, and capacitor wirings are provided 

depending on the pixel density. Also in the terminal portion, the first terminal at the 

5 same potential as the gate wiring, the second terminal at the same potential as the source 

wiring, the third terminal at the same potential as the capacitor wiring, and the like are 

each arranged in plurality. There is no particular limitation on the number of each of 

the terminals, and the number of the terminals may be determined, as appropriate. 

10 

[0101] 

Through these five photolithography steps, a pixel thin film transistor portion 

including the thin film transistor 170 which is a bottom-gate n-channel thin film 

transistor, and the storage capacitor can be completed using the five photomasks. 

When these pixel thin film transistor portion and storage capacitor are arranged in a 

matrix corresponding to respective pixels, a pixel portion can be formed and one of the 

15 substrates for manufacturing an active matrix display device can be obtained. In this 

specification, such a substrate is referred to as an active matrix substrate for 

convemence. 

[0102] 

When an active matrix liquid crystal display device is manufactured, an active 

20 matrix substrate and a counter substrate provided with a counter electrode are bonded to 

each other with a liquid crystal layer interposed therebetween. Note that a common 

electrode electrically connected to the counter electrode on the counter substrate is 

provided over the active matrix substrate, and a fourth terminal electrically connected to 

the common electrode is provided in the terminal portion. This fourth terminal is 

25 provided so that the common electrode is fixed to a predetermined potential such as 

GND orOV. 

[0103] 

One embodiment of the present invention is not limited to the pixel structure of 

FIG. 8, and an example of a top view different from FIG. 8 is illustrated in FIG. 10. 

30 FIG. 10 illustrates the example in which a capacitor wiring is not provided and a pixel 

electrode overlaps with a gate wiring of an adjacent pixel with a protective insulating 

film and a gate insulating layer interposed therebetween to form a storage capacitor. In 
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5 

that case, the capacitor wiring and a third terminal connected to the capacitor wiring can 

be omitted. Note that in FIG. 10, the same portions as those in FIG. 8 are denoted by 

the same reference numerals. 

[0104] 

In an active matrix liquid crystal display device, display patterns are formed on 

a screen by driving pixel electrodes arranged in a matrix. Specifically, when voltage is 

applied between a selected pixel electrode and a counter electrode that corresponds to 

the selected pixel electrode, a liquid crystal layer provided between the pixel electrode 

and the counter electrode is optically modulated, and this optical modulation is 

10 recognized as a display pattern. 

[0105] 

In displaying moving images, a liquid crystal display device has a problem that 

a long response time of liquid crystal molecules themselves causes afterimages or 

blurring of moving images. In order to improve the moving-image characteristics of a 

15 liquid crystal display device, a driving method called black insertion is employed in 

which black is displayed on the whole screen every other frame period. 

[0106] 

Alternatively, a driving method called double-frame rate driving may be 

employed in which the vertical cycle is 1.5 or 2 times as long as usual to improve the 

20 moving-image characteristics. 

[0107] 

Further alternatively, in order to improve the moving-image characteristics of a 

liquid crystal display device, a driving method may be employed in which a plurality of 

LEDs (light-emitting diodes) or a plurality of EL light sources are used to form a 

25 surface light source as a backlight, and each light source of the surface light source is 

independently driven in a pulsed manner in one frame period. As the surface light 

source, three or more kinds of LEDs may be used and an LED emitting white light may 

be used. Since a plurality of LEDs can be controlled independently, the light emission 

timing of LEDs can be synchronized with the timing at which a liquid crystal layer is 

30 optically modulated. According to this driving method, LEDs can be partly turned off; 

therefore, an effect of reducing power consumption can be obtained particularly in the 

case of displaying an image having a large part on which black is displayed. 
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[0108] 

By combining these driving methods, the display characteristics of a liquid 

crystal display device, such as moving-image characteristics, can be improved as 

compared to those of conventional liquid crystal display devices. 

5 [0109] 

The n-channel transistor obtained m Embodiment 3 includes an 

In-Ga-Zn-0-based non-single-crystal semiconductor film in a channel formation region 

and has good dynamic characteristics. Thus, these driving methods can be applied in 

combination to then-channel transistor of this embodiment. 

10 [0110] 

When a light-emitting display device is manufactured, one electrode (also 

referred to as a cathode) of an organic light-emitting element is set to a low power 

supply potential such as GND or 0 V; therefore, a terminal portion is provided with a 

fourth terminal for setting the cathode to a low power supply potential such as GND or 

15 0 V In addition, when a light-emitting display device is manufactured, a power supply 

line is provided in addition to a source wiring and a gate wiring. Therefore, a terminal 

portion is provided with a fifth terminal electrically connected to the power supply line. 

[0111] 

According to this embodiment, the thin film transistor has a stacked-layer 

20 structure in which a gate electrode layer, a gate insulating layer, a source and drain 

electrode layers, a source and drain regions (an oxide semiconductor layer containing In, 

Ga, and Zn), and a semiconductor layer (an oxide semiconductor layer containing In, Ga, 

and Zn), and the quality of the surface of the gate insulating layer is changed by plasma 

treatment, so that the semiconductor film is kept to be thin and parasitic capacitance can 

25 be suppressed. Note that the parasitic capacitance is sufficiently suppressed even 

when the semiconductor layer is thin, because the thickness is sufficient with respect to 

that of the gate insulating layer. 

[0112] 

According to this embodiment, a thin film transistor with high on-off ratio can 

30 be obtained, so that a thin film transistor having high dynamic characteristics can be 

manufactured. Thus, a semiconductor device including a thin film transistor with high 

electrical characteristics and high reliability can be provided. 
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[Embodiment 4] 

[0113] 

In this embodiment, an example of electronic paper will be described as a 

semiconductor device. 

5 [0114] 

FIG. 11 illustrates active-matrix electronic paper as an example of a 

semiconductor device, which is different from a liquid crystal display device. A thin 

film transistor 581 used in a pixel portion of the semiconductor device can be 

manufactured in a manner similar to the manner of the thin film transistor in the pixel 

10 portion described in Embodiment 3 and is a thin film transistor including an 

In-Ga-Zn-0-based non-single-crystal film as a semiconductor layer. Further, as 

described in Embodiment 1, tapered shapes of side surfaces of two electrodes which 

face each other with an oxide semiconductor layer interposed therebetween enables 

electronic paper including a highly reliable thin film transistor provided with an 

15 electric-field relaxation region to be manufactured. 

[0115] 

The electronic paper in FIG. 11 is an example of a display device using a 

twisting ball display system. A twisting ball display method employs a method in 

which display is performed by arranging spherical particles each of which is colored 

20 separately in black and white between the first electrode layer and the second electrode 

layer which are electrode layers used for display elements, and generating a potential 

difference between the first electrode layer and the second electrode layer so as to 

control the directions of the spherical particles. 

25 

[0116] 

The thin film transistor 581 is a bottom-gate thin film transistor, and a source or 

drain electrode layer thereof is in contact with a first electrode layer 587 through an 

opening formed in an insulating layer 5 85, whereby the thin film transistor 5 81 is 

electrically connected to the first electrode layer 587. Between the first electrode layer 

587 and a second electrode layer 588, spherical particles 589 each having a black region 

30 590a, a white region 590b, and a cavity 594 around the regions which is filled with 

liquid are provided. A space around the spherical particles 589 is filled with a filler 

595 such as a resin (see FIG. 11 ). 
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[0117] 

Instead of the twisting ball, an electrophoretic element can also be used. A 

microcapsule having a diameter of approximately 10 µm to 200 µm, in which a 

transparent liquid and positively charged white microparticles and negatively charged 

5 black microparticles are encapsulated, is used. In the microcapsule that is provided 

between the first electrode layer and the second electrode layer, when an electric field is 

applied by the first electrode layer and the second electrode layer, the white 

microparticles and the black microparticles migrate to opposite sides to each other, so 

that white or black can be displayed. A display element using this principle is an 

10 electrophoretic display element, and is generally called an electronic paper. The 

electrophoretic display element has higher reflectivity than a liquid crystal display 

element; thus, an auxiliary light is unnecessary, less power is consumed, and a display 

portion can be recognized even in a dusky place. In addition, even when power is not 

supplied to the display portion, an image which has been displayed once can be 

15 maintained; accordingly, a displayed image can be stored even if a semiconductor 

device having a display function (which may simply be referred to as a display device 

or a semiconductor device provided with a display device) is distanced from an electric 

wave source. 

20 

[0118] 

Through the above process, electronic paper as a semiconductor device can be 

manufactured at reduced cost. 

[0119] 

This embodiment can be implemented in appropriate combination with any of 

the structures described in Embodiments 1 to 3. 

25 [Embodiment 5] 

[0120] 

In this embodiment, an example will be described below, in which at least part 

of a driver circuit and a thin film transistor arranged in a pixel portion are formed over 

one substrate in a display device which is one example of a semiconductor device. 

30 [0121] 

The thin film transistor arranged in the pixel portion is formed according to 

Embodiment 1 or 2. Further, the thin film transistor described in Embodiment 1 or 2 is 
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an n-channel TFT, and thus a part of a driver circuit that can include an n-channel TFT 

among driver circuits is formed over the same substrate as the substrate of the thin film 

transistor of the pixel portion. 

[0122] 

5 FIG. 12A illustrates an example of a block diagram of an active-matrix liquid 

crystal display device which is an example of a semiconductor device. The display 

device illustrated in FIG. 12A includes, over a substrate 5300, a pixel portion 5301 

including a plurality of pixels that are each provided with a display element; a scan line 

driver circuit 5302 that selects a pixel; and a signal line driver circuit 5303 that controls 

10 a video signal input to the selected pixel. 

[0123] 

The pixel portion 5301 is connected to the signal line driver circuit 5303 by a 

plurality of signal lines Sl to Sm (not shown) which extend in a column direction from 

the signal line driver circuit 5303, and to the scan line driver circuit 5302 by a plurality 

15 of scan lines G 1 to Gn (not shown) that extend in a row direction from the scan line 

driver circuit 5302. The pixel portion 5301 includes a plurality of pixels (not shown) 

arranged in matrix so as to correspond to the signal lines S 1 to Sm and the scan lines G 1 

to Gn. Each pixel is connected to a signal line Sj (one of the signal lines S 1 to Sm) 

and a scan line Gj (one of the scan lines G 1 to Gn). 

20 [0124] 

The thin film transistor described in Embodiment 1 or 2 is an n-channel TFT, 

and a signal line driver circuit including the n-channel TFT is described with reference 

to FIG. 13. 

[0125] 

25 The signal line driver circuit illustrated in FIG. 13 includes a driver IC 5601, 

switch groups 5602_1 to 5602_M, a first wiring 5611, a second wiring 5612, a third 

wiring 5613, and wirings 5621_1 to 5621_M. Each of the switch groups 5602_1 to 

5602 _ M includes a first thin film transistor 5603a, a second thin film transistor 5603b, 

and a third thin film transistor 5603c. 

30 [0126] 

The driver IC 5601 is connected to the first wiring 5611, the second wiring 

5612, the third wiring 5613, and the wirings 5621_1 to 5621_M. Each of the switch 
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groups 5602_1to5602_M is connected to the first wiring 5611, the second wiring 5612, 

the third wiring 5613, and the wirings 5621_1 to 5621_M corresponding to the switch 

groups 5602_1 to 5602_M, respectively. Each of the wirings 5621_1 to 5621_M is 

connected to three signal lines via the first thin film transistor 5603a, the second thin 

5 film transistor 5603b, and the third thin film transistor 5603c. For example, the wiring 

5621_J of the J-th column (one of the wirings 5621_1 to 5621_M) is connected to a 

signal line Sj-1, a signal line Sj, and a signal line Sj+l via the first thin film transistor 

5603a, the second thin film transistor 5603b, and the third thin film transistor 5603c 

which are included in the switch group 5602 _J. 

10 [0127] 

A signal is input to each of the first wiring 5611, the second wiring 5612, and 

the third wiring 5613. 

[0128] 

Note that the driver IC 5601 is preferably formed over a single crystalline 

15 semiconductor substrate. Further, the switch groups 5602_1 to 5602_M are preferably 

formed over the same substrate as the substrate of the pixel portion. Therefore, the 

driver IC 5601 and the switch groups 5602_1 to 5602 _ M are preferably connected 

through an FPC or the like. 

[0129] 

20 Next, operation of the signal line driver circuit illustrated in FIG. 13 is 

described with reference to a timing chart in FIG. 14. The timing chart in FIG. 14 

illustrates the case where the scan line Gi of the i-th row is selected. A selection period 

of the scan line Gi of the i-th row is divided into a first sub-selection period Tl, a 

second sub-selection period T2, and a third sub-selection period T3. The signal line 

25 driver circuit in FIG. 13 operates similarly to that in FIG. 14 even when a scan line of 

another row is selected. 

[0130] 

Note that the timing chart in FIG. 14 shows the case where the wiring 5621_J 

of the J-th column is connected to the signal line Sj-1, the signal line Sj, and the signal 

30 line Sj+ 1 via the first thin film transistor 5603a, the second thin film transistor 5603b, 

and the third thin film transistor 5603c. 
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[0131] 

The timing chart in FIG. 14 shows timing at which the scan line Gi of the i-th 

row is selected, timing 5703a of on/off of the first thin film transistor 5603a, timing 

5703b of on/off of the second thin film transistor 5603b, timing 5703c of on/off of the 

5 third thin film transistor 5603c, and a signal 5721 _J input to the wiring 5621 _J of the 

J-th column. 

[0132] 

In the first sub-selection period T 1, the second sub-selection period T2, and the 

third sub-selection period T3, different video signals are input to the wirings 5621_1 to 

10 5621 M. For example, a video signal input to the wiring 5621_J in the first 

sub-selection period T 1 is input to the signal line S j-1, a video signal input to the wiring 

5621 _J in the second sub-selection period T2 is input to the signal line Sj, and a video 

signal input to the wiring 5621 _J in the third sub-selection period T3 is input to the 

signal line Sj+ 1. The video signals input to the wiring 5621 _J in the first sub-selection 

15 period T 1, the second sub-selection period T2, and the third sub-selection period T3 are 

denoted by Data j-1, Data j, and Data j+ 1, respectively. 

[0133] 

As shown in FIG. 14, in the first sub-selection period Tl, the first thin film 

transistor 5603a is turned on, and the second thin film transistor 5603b and the third thin 

20 film transistor 5603c are turned off. At this time, Data j-1 input to the wiring 5621 _J 

is input to the signal line Sj-1 via the first thin film transistor 5603a. In the second 

sub-selection period T2, the second thin film transistor 5603b is turned on, and the first 

thin film transistor 5603a and the third thin film transistor 5603c are turned off. At 

this time, Data j input to the wiring 5621 _J is input to the signal line Sj via the second 

25 thin film transistor 5603b. In the third sub-selection period T3, the third thin film 

transistor 5603c is turned on, and the first thin film transistor 5603a and the second thin 

film transistor 5603b are turned off. At this time, Data j+ 1 input to the wiring 5621 _J 

is input to the signal line Sj+ 1 via the third thin film transistor 5603c. 

30 

[0134] 

As described above, in the signal line driver circuit in FIG. 13, by dividing one 

gate selection period into three, video signals can be input to three signal lines from one 
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wiring 5621 in one gate selection period. Therefore, in the signal line driver circuit in 

FIG. 13, the number of connections between the substrate provided with the driver IC 

5601 and the substrate provided with the pixel portion can be about 1/3 of the number 

of signal lines. The number of connections is reduced to about 1/3 of the number of 

5 the signal lines, so that reliability, yield, etc., of the signal line driver circuit in FIG. 13 

can be improved. 

[0135] 

Note that there are no particular limitations on the arrangement, the number, a 

driving method, and the like of the thin film transistors, as long as one gate selection 

10 period is divided into a plurality of sub-selection periods and video signals are input to a 

plurality of signal lines from one wiring in the respective sub-selection periods as 

shown in FIG. 13. 

[0136] 

For example, when video signals are input to three or more signal lines from 

15 one wiring in each of three or more sub-selection periods, it is necessary to add a thin 

film transistor and a wiring for controlling the thin film transistor. Note that when one 

selection period is divided into four or more sub-selection periods, one sub-selection 

period becomes short. Therefore, one selection period is preferably divided into two 

or three sub-selection periods. 

20 [0137] 

As another example, one gate selection period may be divided into a precharge 

period Tp, the first sub-selection period T 1, the second sub-selection period T2, and the 

third sub-selection period T3 as illustrated in a timing chart in FIG. 15. The timing 

chart in FIG. 15 illustrates timing at which the scan line Gi of the i-th row is selected, 

25 timing 5803a of on/off of the first thin film transistor 5603a, timing 5803b of on/off of 

the second thin film transistor 5603b, timing 5803c of on/off of the third thin film 

transistor 5603c, and a signal 5821_J input to the wiring 5621_J of the J-th column. 

As shown in FIG. 15, the first thin film transistor 5603a, the second thin film transistor 

5603b, and the third thin film transistor 5603c are tuned on in the precharge period Tp. 

30 At this time, precharge voltage Vp input to the wiring 5621_J is input to each of the 

signal line Sj-1, the signal line Sj, and the signal line Sj+l via the first thin film 
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transistor 5603a, the second thin film transistor 5603b, and the third thin film transistor 

5603c. In the first sub-selection period Tl, the first thin film transistor 5603a is turned 

on, and the second thin film transistor 5603b and the third thin film transistor 5603c are 

turned off. At this time, Data j-1 input to the wiring 5621 _J is input to the signal line 

5 Sj-1 via the first thin film transistor 5603a. In the second sub-selection period T2, the 

second thin film transistor 5603b is turned on, and the first thin film transistor 5603a 

and the third thin film transistor 5603c are turned off. At this time, Data j input to the 

wiring 5621 _J is input to the signal line Sj via the second thin film transistor 5603b. 

In the third sub-selection period T3, the third thin film transistor 5603c is turned on, and 

10 the first thin film transistor 5603a and the second thin film transistor 5603b are turned 

off. At this time, Data j+ 1 input to the wiring 5621 _J is input to the signal line Sj+ 1 

via the third thin film transistor 5603c. 

[0138] 

As described above, in the signal line driver circuit in FIG. 13 to which the 

15 timing chart in FIG. 15 is applied, the video signal can be written to the pixel at high 

speed because the signal line can be precharged by providing a precharge selection 

period before a sub-selection period. Note that portions in FIG. 15 which are similar to 

those of FIG. 14 are denoted by common reference numerals and detailed description of 

the same portions and portions which have similar functions is omitted. 

20 [0139] 

Further, a structure of a scan line driver circuit is described. The scan line 

driver circuit includes a shift register and a buffer. Also, a level shifter may be 

included in some cases. In the scan line driver circuit, when the clock signal (CLK) 

and the start pulse signal (SP) are input to the shift register, a selection signal is 

25 generated. The generated selection signal is buffered and amplified by the buffer, and 

the resulting signal is supplied to a corresponding scan line. Gate electrodes of 

transistors in pixels of one line are connected to the scan line. Since the transistors in 

the pixels of one line have to be turned on all at once, a buffer which can supply a large 

current is used. 

30 [0140] 

One mode of a shift register which is used in a part of a scan line driver circuit 
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is described with reference to FIGS. 16 and 17. 

[0141] 

FIG. 16 illustrates a circuit configuration of the shift register. The shift 

register illustrated in FIG. 16 includes a plurality of flip-flops 5701-i (one of flip-flops 

5 5701-1 to 5701-n). Further, the shift register operates by inputting a first clock signal, 

a second clock signal, a start pulse signal, and a reset signal. 

[0142] 

The connection relation of the shift register in FIG. 16 is described below. In 

the i-th stage flip-flop 5701_i (one of the flip-flops 5701_1 to 5701_n) in the shift 

10 register of FIG. 16, a first wiring 5501 illustrated in FIG. 17 is connected to a seventh 

wiring 5717 _i-1; a second wiring 5502 illustrated in FIG. 17 is connected to a seventh 

wiring 5717_i+l; a third wiring 5503 illustrated in FIG. 17 is connected to a seventh 

wiring 5717 _i; and a sixth wiring 5506 illustrated in FIG. 17 is connected to a fifth 

wiring 5715. 

15 [0143] 

Further, a fourth wiring 5504 shown in FIG. 17 is connected to a second wiring 

5712 in flip-flops of odd-numbered stages, and is connected to a third wiring 5713 in 

flip-flops of even-numbered stages. A fifth wiring 5505 shown in FIG. 17 is connected 

to a fourth wiring 5714. 

20 [0144] 

25 

Note that the first wiring 5501 of the first stage flip-flop 5701_1 shown in FIG. 

17 is connected to a first wiring 5711, and the second wiring 5502 of the n-th stage 

flip-flop 5701 _ n shown in FIG. 17 is connected to a sixth wiring 5716. 

[0145] 

Note that the first wiring 5711, the second wiring 5712, the third wiring 5713, 

and the sixth wiring 5716 may be referred to as a first signal line, a second signal line, a 

third signal line, and a fourth signal line, respectively. The fourth wiring 5714 and the 

fifth wiring 5715 may be referred to as a first power supply line and a second power 

supply line, respectively. 

30 [0146] 

Next, FIG. 17 illustrates details of the flip-flop shown in FIG. 16. A flip-flop 
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illustrated in FIG 17 includes a first thin film transistor 5571, a second thin film 

transistor 5572, a third thin film transistor 5573, a fourth thin film transistor 5574, a 

fifth thin film transistor 5575, a sixth thin film transistor 5576, a seventh thin film 

transistor 5577, and an eighth thin film transistor 5578. Each of the first thin film 

5 transistor 5571, the second thin film transistor 5572, the third thin film transistor 5573, 

the fourth thin film transistor 5574, the fifth thin film transistor 5575, the sixth thin film 

transistor 5576, the seventh thin film transistor 5577, and the eighth thin film transistor 

5578 is an n-channel transistor and is turned on when the gate-source voltage (V gs) 

exceeds the threshold voltage (V1h). 

10 [0147] 

below. 

[0148] 

Next, the connection structure of the flip-flop illustrated in FIG 16 is described 

A first electrode (one of a source electrode and a drain electrode) of the first 

15 thin film transistor 5571 is connected to the fourth wiring 5504. A second electrode 

(the other of the source electrode and the drain electrode) of the first thin film transistor 

5571 is connected to the third wiring 5503. 

[0149] 

A first electrode of the second thin film transistor 5572 is connected to the sixth 

20 wiring 5506, and a second electrode of the second thin film transistor 5572 is connected 

to the third wiring 5503. 

[0150] 

A first electrode of the third thin film transistor 5573 is connected to the fifth 

wiring 5505; a second electrode of the third thin film transistor 5573 is connected to a 

25 gate electrode of the second thin film transistor 5572; and a gate electrode of the third 

thin film transistor 5573 is connected to the fifth wiring 5505. 

[O 151] 

A first electrode of the fourth thin film transistor 5574 is connected to the sixth 

wiring 5506; a second electrode of the fourth thin film transistor 557 4 is connected to a 

30 gate electrode of the second thin film transistor 5572; and a gate electrode of the fourth 

thin film transistor 5574 is connected to a gate electrode of the first thin film transistor 

5571. 
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[0152] 

A first electrode of the fifth thin film transistor 5575 is connected to the fifth 

wiring 5505; a second electrode of the fifth thin film transistor 5575 is connected to the 

gate electrode of the first thin film transistor 5571; and a gate electrode of the fifth thin 

5 film transistor 5575 is connected to the first wiring 5501. 

[0153] 

A first electrode of the sixth thin film transistor 5576 is connected to the sixth 

wiring 5506; a second electrode of the sixth thin film transistor 5576 is connected to the 

gate electrode of the first thin film transistor 5571; and a gate electrode of the sixth thin 

10 film transistor 5576 is connected to the gate electrode of the second thin film transistor 

5572. 

[0154] 

A first electrode of the seventh thin film transistor 5577 is connected to the 

sixth wiring 5506; a second electrode of the seventh thin film transistor 5577 is 

15 connected to the gate electrode of the first thin film transistor 5571; and a gate electrode 

of the seventh thin film transistor 5577 is connected to the second wiring 5502. A first 

electrode of the eighth thin film transistor 5578 is connected to the sixth wiring 5506; a 

second electrode of the eighth thin film transistor 5578 is connected to the gate 

electrode of the second thin film transistor 5572; and a gate electrode of the eighth thin 

20 film transistor 5578 is connected to the first wiring 5501. 

[0155] 

Note that the points at which the gate electrode of the first thin film transistor 

5571, the gate electrode of the fourth thin film transistor 5574, the second electrode of 

the fifth thin film transistor 5575, the second electrode of the sixth thin film transistor 

25 5576, and the second electrode of the seventh thin film transistor 5577 are connected are 

each referred to as a node 5543. The points at which the gate electrode of the second 

thin film transistor 5572, the second electrode of the third thin film transistor 5573, the 

second electrode of the fourth thin film transistor 5574, the gate electrode of the sixth 

thin film transistor 5576, and the second electrode of the eighth thin film transistor 5578 

30 are connected are each referred to as a node 5544. 

[0156] 

Note that the first wiring 5501, the second wiring 5502, the third wiring 5503, 
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and the fourth wiring 5504 may be referred to as a first signal line, a second signal line, 

a third signal line, and a fourth signal line, respectively. The fifth wiring 5505 and the 

sixth wiring 5506 may be referred to as a first power supply line and a second power 

supply line, respectively. 

5 [0157] 

The signal line driver circuit and the scan line driver circuit can be formed 

using only the n-channel TFTs described in Embodiment 1 or 2. In that case, the drive 

frequency of the driver circuit can be increased because the mobility of a transistor 

using an oxide semiconductor layer is high. Further, since the parasitic capacitance is 

10 reduced by the source and drain regions in each of the n-channel TFTs described in 

Embodiment 1 or 2, the frequency characteristic (also called f characteristic) is high. 

For example, a scan line driver circuit using the n-channel TFT described in 

Embodiment 1 or 2 can operate at high speed, and thus a frame frequency can be 

increased and insertion of black images can be realized. 

15 [0158] 

In addition, by increasing the channel width of the transistor in the scan line 

driver circuit or providing a plurality of scan line driver circuits, for example, higher 

frame frequency can be realized. When a plurality of scan line driver circuits are 

provided, a scan line driver circuit for driving even-numbered scan lines is provided on 

20 one side and a scan line driver circuit for driving odd-numbered scan lines is provided 

on the opposite side; thus, increase in frame frequency can be realized. 

[0159] 

Further, when an active-matrix light-emitting display device which is an 

example of a semiconductor device is manufactured, a plurality of thin film transistors 

25 are arranged in at least one pixel, and thus a plurality of scan line driver circuits are 

preferably arranged. FIG. 12B is a block diagram illustrating an example of an 

active-matrix light-emitting display device. 

[0160] 

The light-emitting display device illustrated in FIG. 12B includes, over a 

30 substrate 5400, a pixel portion 5401 having a plurality of pixels each provided with a 

display element, a first scan line driver circuit 5402 and a second scan line driver circuit 

5404 that select a pixel, and a signal line driver circuit 5403 that controls input of a 
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video signal to the selected pixel. 

[0161] 

When the video signal input to a pixel of the light-emitting display device 

illustrated in FIG. 12B is a digital signal, a pixel is in a light-emitting state or in a 

5 non-light-emitting state by switching of ON/OFF of a transistor. Thus, grayscale can 

be displayed using an area ratio grayscale method or a time ratio grayscale method. 

An area ratio grayscale method refers to a driving method by which one pixel is divided 

into a plurality of subpixels and the respective subpixels are driven separately based on 

video signals so that grayscale is displayed. Further, a time ratio grayscale method 

10 refers to a driving method by which a period during which a pixel is in a light-emitting 

state is controlled so that grayscale is displayed. 

[0162] 

Since the response speed of light-emitting elements is faster than that of liquid 

crystal elements or the like, the light-emitting elements are suitable for a time ratio 

15 grayscale method. Specifically, in the case of performing display with a time ratio 

grayscale method, one frame period is divided into a plurality of subframe periods. 

Then, in accordance with video signals, the light-emitting element in the pixel is set in a 

light-emitting state or a non-light-emitting state in each subframe period. By dividing 

one frame period into a plurality of subframe periods, the total length of time, in which 

20 a pixel actually emits light in one frame period, can be controlled by video signals so 

that grayscale can be displayed. 

[0163] 

In the example of the light-emitting display device illustrated in FIG. 12B, in 

the case where two TFTs, a switching TFT and a current control TFT, are arranged in 

25 one pixel, the first scan line driver circuit 5402 generates a signal which is input to a 

first scan line serving as a gate wiring of the switching TFT, and the second scan line 

driver circuit 5404 generates a signal which is input to a second scan line serving as a 

gate wiring of the current control TFT; however, one scan line driver circuit may 

generate both the signal which is input to the first scan line and the signal which is input 

30 to the second scan line. In addition, for example, there is a possibility that a plurality 

of first scan lines used for controlling the operation of the switching element be 

provided in each pixel depending on the number of transistors included in the switching 

43 

72



5 

element. In that case, signals which are input to the plurality of first scan lines may be 

all generated by one scan line driver circuit or by an individual plurality of scan line 

driver circuits. 

[0164] 

Also in the light-emitting display device, a part of a driver circuit that can 

include n-channel TFTs among driver circuits can be formed over the same substrate as 

the substrate of the thin film transistors of the pixel portion. The signal line driver 

circuit and the scan line driver circuit can be formed using only the n-channel TFTs 

described in Embodiment 1 or 2. 

10 [0165] 

Through the above process, a highly reliable display device can be 

manufactured as a semiconductor device. 

[0166] 

This embodiment can be implemented in appropriate combination with any of 

15 the structures disclosed in the other embodiments. 

[Embodiment 6] 

[0167] 

In this embodiment, an example of a light-emitting display device will be 

described as a semiconductor device. As a display element included in a display 

20 device, a light-emitting element utilizing electro luminescence is described in this 

embodiment. Light-emitting elements utilizing electroluminescence are classified 

according to the type of a light emitting material, that is, an organic compound or an 

inorganic compound. In general, the former is referred to as an organic EL element, 

the latter as an inorganic EL element. 

25 [0168] 

In an organic EL element, voltage is applied to the light-emitting element, so 

that electrons are injected from an electrode into a layer including a light-emitting 

organic compound, and holes are injected from the other electrode into the layer 

including the light-emitting organic compound, and there flows electric current. Then, 

30 by recombination of these carriers (electrons and holes), the organic compound having a 

light-emitting property gets in an excited state, and light is emitted when the excited 

state returns to a ground state. From such a mechanism, such a light emitting element 
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is referred to as a current-excitation-type light-emitting element. 

[0169] 

Inorganic EL elements are classified in a dispersive inorganic EL element and a 

thin-film inorganic EL element. A dispersive inorganic EL element includes a 

5 light-emitting layer in which particles of a light-emitting material are dispersed in a 

binder, and light emission mechanism thereof is donor-acceptor recombination light 

emission, in which a donor level and an acceptor level are utilized. In a thin film 

inorganic EL element, a light-emitting layer is sandwiched between dielectric layers, 

and the dielectric layers are sandwiched between electrodes. Light em1ss10n 

10 mechanism of the thin film inorganic EL element is local light emission, in which 

inner-shell electron transition of a metal ion is utilized. In this embodiment, 

description will be made using an organic EL element as a light-emitting element. 

[0170] 

FIG. 18 illustrates an example of a pixel structure to which digital time 

15 grayscale driving can be applied, as an example of a semiconductor device. 

[O 171] 

A structure and an operation of the pixel to which digital time grayscale driving 

can be applied are described below. An example is described in this embodiment in 

which one pixel includes two n-channel transistors using an oxide semiconductor layer 

20 (an In-Ga-Zn-0-based non-single-crystal film) in a channel formation region. 

[0172] 

A pixel 6400 includes a switching transistor 6401, a driving transistor 6402, a 

light-emitting element 6404, and a capacitor 6403. A gate of the switching transistor 

6401 is connected to a scan line 6406, a first electrode (one of a source electrode and a 

25 drain electrode) of the switching transistor 6401 is connected to a signal line 6405, and 

a second electrode (the other of the source electrode and the drain electrode) of the 

switching transistor 6401 is connected to a gate of the driving transistor 6402. The 

gate of the driving transistor 6402 is connected to a power supply line 6407 through the 

capacitor 6403, a first electrode of the driving transistor 6402 is connected to the power 

30 supply line 6407, and a second electrode of the driving transistor 6402 is connected to a 

first electrode (pixel electrode) of the light-emitting element 6404. A second electrode 

of the light-emitting element 6404 corresponds to a common electrode 6408. 
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[0173] 

The second electrode of the light-emitting element 6404 (the common electrode 

6408) is set to a low power supply potential. The low power supply potential is a 

potential satisfying the low power supply potential < a high power supply potential with 

5 the high power supply potential set to the power supply line 6407 as a reference. As 

the low power supply potential, GND, 0 V, or the like may be employed, for example. 

A potential difference between the high power supply potential and the low power 

supply potential is applied to the light-emitting element 6404, and a current is supplied 

to the light-emitting element 6404. Here, in order to make the light-emitting element 

10 6404 emit light, each potential is set so that the potential difference between the high 

power supply potential and the low power supply potential is a forward threshold 

voltage or higher. 

[0174] 

Gate capacitance of the driving transistor 6402 may be used as a substitute for 

15 the capacitor 6403, so that the capacitor 6403 can be omitted. The gate capacitance of 

the driving transistor 6402 may be formed between a channel region and a gate 

electrode. 

[O 175] 

In the case of voltage-input voltage-driving method, a video signal is input to 

20 the gate of the driving transistor 6402 so that the driving transistor 6402 is in either of 

two states of being sufficiently turned on and turned off. That is, the driving transistor 

6402 operates in a linear region. Since the driving transistor 6402 operates in a linear 

region, a voltage higher than the voltage of the power supply line 6407 is applied to the 

gate of the driving transistor 6402. Note that a voltage greater than or equal to the sum 

25 voltage of the power supply line voltage and Vih of the driving transistor 6402 is applied 

to the signal line 6405. 

[0176] 

In the case of performing analog grayscale driving instead of digital time 

grayscale driving, the same pixel structure as that in FIG. 18 can be used by changing 

30 signal input. 

[0177] 

In the case of performing the analog grayscale driving, a voltage greater than or 
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equal to the sum of the forward voltage of the light-emitting element 6404 and Vih of 

the driving transistor 6402 is applied to the gate of the driving transistor 6402. The 

forward voltage of the light-emitting element 6404 refers to a voltage to obtain a desired 

luminance, and includes at least a forward threshold voltage. The video signal such 

5 that the driving transistor 6402 operates in a saturation region is input, so that a current 

can be supplied to the light-emitting element 6404. In order that the driving transistor 

6402 can operate in the saturation region, the potential of the power supply line 6407 is 

higher than the gate potential of the driving transistor 6402. Since the video signal is 

an analog signal, a current in accordance with the video signal flows in the 

10 light-emitting element 6404, and the analog grayscale driving can be performed. 

[0178] 

Note that the pixel structure illustrated in FIG. 18 is not limited thereto. For 

example, a switch, a resistor, a capacitor, a transistor, a logic circuit, or the like may be 

added to the pixel illustrated in FIG. 18. 

15 [0179] 

Next, structures of a light-emitting element will be described using FIGS. 19A 

to 19C. In this embodiment, cross-sectional structures of pixels are described taking 

the case where a driving TFT is the thin film transistor 170, as an example. Driving 

TFTs 7001, 7011, and 7021 used in semiconductor devices illustrated in FIGS. 19A to 

20 19C can be manufactured in a manner similar to that of the thin film transistor 170 

described in Embodiment 1 and are thin film transistors having high electrical 

characteristics, each including an In-Ga-Zn-0-based non-single-crystal film as a 

semiconductor layer. 

25 

[0180] 

In order to extract light emission from the light-emitting element, at least one 

of the anode and the cathode of the light-emitting element is required to be transparent. 

The thin film transistors and the light-emitting element are formed over the substrate. 

A light-emitting element can have a top emission structure in which light is extracted 

through the surface opposite to the substrate; a bottom emission structure in which light 

30 is extracted through the surface on the substrate side; or a dual emission structure in 

which light is extracted through the surface opposite to the substrate and the surface on 

the substrate side. The pixel structure illustrated in FIG. 18 can be applied to a 
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light-emitting element having any of these emission structures. 

[O 181] 

A light-emitting element having a top em1ss1on structure 1s described with 

reference to FIG. 19A. 

5 [0182] 

FIG. 19A is a cross-sectional view of a pixel in the case where a driving TFT 

7001 is the thin film transistor 170 shown in FIG. lB and light emission from a 

light-emitting element 7002 passes to an anode 7005 side. In FIG. 19A, a cathode 

7003 of the light-emitting element 7002 is electrically connected to the driving TFT 

10 7001, and a light-emitting layer 7004 and the anode 7005 are stacked in this order over 

the cathode 7003. The cathode 7003 can be formed using various conductive materials 

as long as they have a low work function and reflect light. For example, Ca, Al, CaF, 

MgAg, AlLi, or the like is preferably used. The light-emitting layer 7004 may be 

formed using either a single layer or a stacked layer of a plurality of layers. If the 

15 light-emitting layer 7004 is formed using a plurality of layers, the light-emitting layer 

7004 is formed by stacking an electron-injecting layer, an electron-transporting layer, a 

light-emitting layer, a hole-transporting layer, and a hole-injecting layer in this order 

over the cathode 7003. It is not necessary to form all of these layers. The anode 

7005 is formed using a light-transmitting conductive film such as a film of indium oxide 

20 including tungsten oxide, indium zinc oxide including tungsten oxide, indium oxide 

including titanium oxide, indium tin oxide including titanium oxide, indium tin oxide 

(hereinafter, referred to as ITO), indium zinc oxide, or indium tin oxide to which silicon 

oxide is added. 

[0183] 

25 A region where the light-emitting layer 7004 is sandwiched between the 

cathode 7003 and the anode 7005 corresponds to the light-emitting element 7002. In 

the case of the pixel illustrated in FIG. 19A, light emitted from the light-emitting 

element 7002 is ejected to the anode 7005 side as indicated by an arrow. 

[0184] 

30 A light-emitting element having a bottom emission structure is described next 

with reference to FIG. 19B. FIG. 19B is a cross-sectional view of a pixel in the case 

where a driving TFT 7011 is the thin film transistor 170 shown in FIG. IA and light 
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emission from a light-emitting element 7012 passes to a cathode 7013 side. In FIG. 

19B, the cathode 7013 of the light-emitting element 7012 is formed over a 

light-transmitting conductive film 7017 that is electrically connected to the driving TFT 

7011, and a light-emitting layer 7014 and an anode 7015 are stacked in this order over 

5 the cathode 7013. A blocking film 7016 for reflecting or blocking light may be formed 

so as to cover the anode 7015 when the anode 7015 has a light-transmitting property. 

For the cathode 7013, a variety of materials can be used as in the case of FIG. 19A as 

long as they are conductive materials having a low work function. The cathode 7013 

has a thickness that can transmit light (preferably, about 5 to 30 nm). For example, an 

10 aluminum film with a thickness of 20 nm can be used as the cathode 7013. In a 

manner similar to that of FIG. 19A, the light-emitting layer 7014 may be formed using 

either a single-layer structure or a layered structure of a plurality of layers. Although 

the anode 7015 does not need to transmit light, the anode 7015 can be formed using a 

light-transmitting conductive material in a manner similar to that of FIG. 19A. For the 

15 blocking film 7016, a metal or the like that reflects light can be used; however, it is not 

limited to a metal film. For example, a resin or the like to which black pigments are 

added can be used. 

[0185] 

A region where the light-emitting layer 7014 is sandwiched between the 

20 cathode 7013 and the anode 7015 corresponds to the light-emitting element 7012. In 

the case of the pixel illustrated in FIG. 19B, light emitted from the light-emitting 

element 7012 is ejected to the cathode 7013 side as indicated by an arrow. 

[0186] 

Next, a light-emitting element having a dual emission structure is described 

25 with reference to FIG. 19C. In FIG. 19C, a cathode 7023 of a light-emitting element 

7022 is formed over a light-transmitting conductive film 7027 which is electrically 

connected to the driving TFT 7021, and a light-emitting layer 7024 and an anode 7025 

are stacked in this order over the cathode 7023. As in the case of FIG. 19A, the 

cathode 7023 can be formed using a variety of conductive materials as long as they have 

30 a low work function. The cathode 7023 has a thickness that can transmit light. For 

example, an Al film having a thickness of 20 nm can be used as the cathode 7023. In a 

manner similar to that of FIG. 19A, the light-emitting layer 7024 may be formed using 
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either a single-layer structure or a layered structure of a plurality of layers. In a 

manner similar to that of FIG. 19A, the anode 7025 can be formed using a 

light-transmitting conductive material. 

[0187] 

A region where the cathode 7023, the light-emitting layer 7024, and the anode 

7025 overlap with each other corresponds to the light-emitting element 7022. In the 

case of the pixel illustrated in FIG. 19C, light emitted from the light-emitting element 

7022 is ejected to both an anode 7025 side and a cathode 7023 side as indicated by 

arrows. 

10 [0188] 

Although an organic EL element is described as a light-emitting element in this 

embodiment, an inorganic EL element may be provided as a light-emitting element. 

[0189] 

This embodiment describes the example in which a thin film transistor for 

15 controlling the drive of a light-emitting element (the driving TFT) is electrically 

connected to the light-emitting element. However, a current control TFT may be 

connected between the driving TFT and the light-emitting element. 

[0190] 

A semiconductor device described in this embodiment is not limited to the 

20 structures illustrated in FIGS. 19A to 19C and can be modified in various ways based on 

the spirit of techniques according to the present invention disclosed in this specification. 

[0191] 

Next, a top surface and a cross section of a light-emitting display panel (also 

referred to as a light-emitting panel), which is one embodiment of the semiconductor 

25 device will be described with reference to FIGS. 22A and 22B. FIG. 22A is a top view 

of a panel in which a thin film transistor and a light-emitting element are sealed between 

a first substrate and a second substrate with a sealant. FIG. 22B is a cross-sectional 

view taken along line H-I of FIG. 22A. 

[0192] 

30 A sealant 4505 is provided to surround a pixel portion 4502, signal line driver 

circuits 4503a and 4503b, and scan line driver circuits 4504a and 4504b, which are 

provided over a first substrate 4501. In addition, a second substrate 4506 is provided 
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over the pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the scan 

line driver circuits 4504a and 4504b. Accordingly, the pixel portion 4502, the signal 

line driver circuits 4503a and 4503b, and the scan line driver circuits 4504a and 4504b 

are sealed together with a filler 4507, by the first substrate 4501, the sealant 4505, and 

5 the second substrate 4506. It is preferable that a display device be thus packaged 

(sealed) with a protective film (such as a bonding film or an ultraviolet curable resin 

film) or a cover material with high air-tightness and little degasification so that the 

display device is not exposed to the outside air. 

10 

[0193] 

The pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the 

scan line driver circuits 4504a and 4504b formed over the first substrate 4501 each 

include a plurality of thin film transistors, and a thin film transistor 4510 included in the 

pixel portion 4502 and a thin film transistor 4509 included in the signal line driver 

circuit 4503a are illustrated as an example in FIG. 20B. 

15 [0194] 

As the thin film transistors 4509 and 4510, the highly reliable thin film 

transistors described in Embodiment 1, each including an In-Ga-Zn-0-based 

non-single-crystal film as a semiconductor layer can be used. 

[0195] 

20 Moreover, reference numeral 4511 denotes a light-emitting element. A first 

electrode layer 4517 that is a pixel electrode included in the light-emitting element 4511 

is electrically connected to a source electrode layer or a drain electrode layer of the thin 

film transistor 4510. Note that a structure of the light-emitting element 4511 which 

includes the first electrode layer 4517, an electroluminescent layer 4512, and the second 

25 electrode layer 4513 is not limited to the structure described in Embodiment 6. The 

structure of the light-emitting element 4511 can be changed as appropriate depending on 

the direction in which light is extracted from the light-emitting element 4511, or the 

like. 

[0196] 

30 A bank 4520 is formed using an organic resin film, an inorganic insulating film, 

or organic polysiloxane. It is particularly preferable that the bank 4520 be formed 

using a photosensitive material to have an opening over the first electrode layer 4517 so 
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that a sidewall of the opemng 1s formed as an inclined surface with continuous 

curvature. 

[0197] 

The electroluminescent layer 4512 may be formed as a single layer or a 

5 plurality of layers stacked. 

[0198] 

A protective film may be formed over the second electrode layer 4513 and the 

bank 4520 in order to prevent oxygen, hydrogen, moisture, carbon dioxide, or the like 

from entering into the light-emitting element 4511. As the protective film, a silicon 

10 nitride film, a silicon nitride oxide film, a DLC film, or the like can be formed. 

[0199] 

A variety of signals and potentials are supplied to the signal line driver circuits 

4503a and 4503b, the scan line driver circuits 4504a and 4504b, or the pixel portion 

4502 from FPCs 4518a and 4518b. 

15 [0200] 

In Embodiment 6, a connection terminal electrode 4515 is formed from the 

same conductive film as the first electrode layer 4517 included in the light-emitting 

element 4511, and a terminal electrode 4516 is formed from the same conductive film as 

the source and drain electrode layers included in the thin film transistors 4509 and 4510. 

20 [0201] 

The connection terminal electrode 4515 is electrically connected to a terminal 

of the FPC 4518a through an anisotropic conductive film 4519. 

[0202] 

As the second substrate located in the direction in which light is extracted from 

25 the light-emitting element 4511 needs to have a light-transmitting property. In that 

case, a material with a light-transmitting property, such as a glass plate, a plastic sheet, a 

polyester film, or an acrylic film is used. 

[0203] 

As the filler 4507, an ultraviolet curable resin or a thermosetting resin can be 

30 used, in addition to an inert gas such as nitrogen or argon. For example, PVC 

(polyvinyl chloride), acrylic, polyimide, an epoxy resin, a silicone resm, PVB 

(polyvinyl butyral), or EVA (ethylene vinyl acetate) can be used. 
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[0204] 

If necessary, an optical film such as a polarizing plate, a circularly polarizing 

plate (including an elliptically polarizing plate), a retardation plate (a quarter-wave plate 

or a half-wave plate), or a color filter may be provided as appropriate for a 

5 light-emitting surface of the light-emitting element. Further, the polarizing plate or the 

circularly polarizing plate may be provided with an anti-reflection film. For example, 

anti-glare treatment may be carried out by which reflected light can be diffused by 

projections and depressions on the surface so as to reduce the glare. 

10 

[0205] 

The signal line driver circuits 4503a and 4503b and the scan line driver circuits 

4504a and 4504b may be mounted as driver circuits formed using a single crystal 

semiconductor film or polycrystalline semiconductor film over a single crystal 

semiconductor substrate or an insulating substrate separately prepared. Alternatively, 

only the signal line driver circuits or part thereof, or the scan line driver circuits or part 

15 thereof may be separately formed and mounted. This embodiment is not limited to the 

structure illustrated in FIGS. 22A and 22B. 

[0206] 

Through the above process, a light-emitting display device (display panel) can 

be manufactured at low cost. 

20 [0207] 

25 

This embodiment can be implemented in appropriate combination with any of 

the structures described in Embodiments 1 to 3. 

[Embodiment 7] 

[0208] 

In this embodiment, top surfaces and a cross section each of a liquid crystal 

display panel which corresponds to one example of the semiconductor device will be 

described using FIGS. 20Al, 20A2, and 20B. FIGS. 20Al and 20A2 are each a top 

view of a panel in which thin film transistors 4010 and 4011 formed over a first 

substrate 4001 and a liquid crystal element 4013 are sealed between the first substrate 

30 4001 and a second substrate 4006 with a sealant 4005. The thin film transistors 4010 

and 4011 are according to Embodiment 1 and each includes an In-Ga-Zn-0-based 

non-single-crystal film as a semiconductor layer. FIG. 20B is a cross-sectional view 
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along line M-N of each of FIGS. 20Al and 20A2. 

[0209] 

The sealant 4005 is provided so as to surround a pixel portion 4002 and a scan 

line driver circuit 4004 that are provided over the first substrate 4001. The second 

5 substrate 4006 is provided over the pixel portion 4002 and the scan line driver circuit 

4004. Therefore, the pixel portion 4002 and the scan line driver circuit 4004 are sealed 

together with a liquid crystal layer 4008, by the first substrate 4001, the sealant 4005, 

and the second substrate 4006. A signal line driver circuit 4003 that is formed using a 

single crystal semiconductor film or a polycrystalline semiconductor film over a 

10 substrate separately prepared is mounted in a region different from the region 

surrounded by the sealant 4005 over the first substrate 4001. 

[0210] 

Note that there is no particular limitation on the connection method of a driver 

circuit which is separately formed, and a COG method, a wire bonding method, a TAB 

15 method, or the like can be used. FIG. 20Al illustrates an example of mounting the 

signal line driver circuit 4003 by a COG method, and FIG. 20A2 illustrates an example 

of mounting the signal line driver circuit 4003 by a TAB method. 

[0211] 

The pixel portion 4002 and the scan line driver circuit 4004 provided over the 

20 first substrate 4001 each include a plurality of thin film transistors. FIG. 20B 

illustrates the thin film transistor 4010 included in the pixel portion 4002 and the thin 

film transistor 4011 included in the scanning line driver circuit 4004. Insulating layers 

4020 and 4021 are provided over the thin film transistors 4010 and 4011. 

25 

30 

[0212] 

As each of the thin film transistors 4010 and 4011, the thin film transistor 

including an In-Ga-Zn-0-based non-single-crystal film as a semiconductor layer, which 

is described in Embodiment 1 can be employed. The thin film transistor 4011 

corresponds to the thin film transistor 170 shown in FIG. 1 of Embodiment 1. 

[0213] 

A pixel electrode layer 4030 included in the liquid crystal element 4013 is 

electrically connected to the thin film transistor 4010. A counter electrode layer 4031 

of the liquid crystal element 4013 is formed over the second substrate 4006. A portion 

54 

83



where the pixel electrode layer 4030, the counter electrode layer 4031, and the liquid 

crystal layer 4008 overlap with one another corresponds to the liquid crystal element 

4013. Note that the pixel electrode layer 4030 and the counter electrode layer 4031 are 

provided with an insulating layer 4032 and an insulating layer 4033, respectively, each 

5 of which functions as an alignment film. The liquid crystal layer 4008 is sandwiched 

between the pixel electrode layer 4030 and the counter electrode layer 4031 with the 

insulating layers 4032 and 4033 interposed therebetween. 

[0214] 

The first substrate 4001 and the second substrate 4006 can be formed using 

10 glass, metal (typically, stainless steel), ceramic, or plastic. As for plastic, an FRP 

(fiberglass-reinforced plastics) plate, a PVF (polyvinyl fluoride) film, a polyester film, 

or an acrylic resin film can be used. Further, sheet in which aluminum foil is 

sandwiched by PVF films or polyester films can also be used. 

[0215] 

15 A columnar spacer denoted by reference numeral 4035 is obtained by selective 

etching of an insulating film and is provided in order to control the distance (a cell gap) 

between the pixel electrode layer 4030 and the counter electrode layer 4031. Note that 

a spherical spacer may be used. The counter electrode layer 4031 is electrically 

connected to a common potential line provided over the same substrate as the substrate 

20 of the thin film transistor 4010. With the use of the common connection portion, the 

counter electrode layer 4031 can be electrically connected to the common potential line 

through conductive particles provided between the pair of substrates. Note that the 

conductive particles are contained in the sealant 4005. 

25 

[0216] 

Alternatively, a liquid crystal showing a blue phase for which an alignment 

film is unnecessary may be used. A blue phase is one of the liquid crystal phases, 

which is generated just before a cholesteric phase changes into an isotropic phase while 

temperature of cholesteric liquid crystal is increased. Since the blue phase is only 

generated within a narrow range of temperatures, a liquid crystal composition 

30 containing a chiral agent at 5 wt% or more is used for the liquid crystal layer 4008 in 

order to improve the temperature range. The liquid crystal composition which 

includes a liquid crystal showing a blue phase and a chiral agent has a small response 
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time of 10 to 100 µs, has optical isotropy, which makes the alignment process unneeded, 

and has a small viewing angle dependence. 

[0217] 

Although an example of a transmissive liquid crystal display device is 

5 described in this embodiment, the present invention can also be applied to a reflective 

liquid crystal display device or a transflective liquid crystal display device. 

[0218] 

In Embodiment 7, an example of the liquid crystal display device is described 

in which a polarizing plate is provided on the outer surface of the substrate (on the 

10 viewer side) and a coloring layer and an electrode layer used for a display element are 

provided on the inner surface of the substrate in this order; however, the polarizing plate 

may be provided on the inner surface of the substrate. The stack structure of the 

polarizing plate and the coloring layer is not limited to that described in Embodiment 7 

and may be set as appropriate depending on materials of the polarizing plate and the 

15 coloring layer or conditions of manufacturing steps. Furthermore, a light-blocking 

film serving as a black matrix may be provided. 

[0219] 

In this embodiment, in order to reduce surface roughness of the thin film 

transistor and to improve reliability of the thin film transistor, the thin film transistor 

20 obtained by Embodiment 1 is covered with the insulating layers (the insulating layer 

4020 and the insulating layer 4021) each functioning as a protective film or a 

planarizing insulating film. The protective film is provided to prevent entry of 

impurities floating in air, such as an organic substance, a metal substance, or moisture, 

and is preferably a dense film. The protective film may be formed by a sputtering 

25 method to be a single-layer film or a stack of a silicon oxide film, a silicon nitride film, 

a silicon oxynitride film, a silicon nitride oxide film, an aluminum oxide film, an 

aluminum nitride film, an aluminum oxynitride film, and/or an aluminum nitride oxide 

film. Although an example in which the protective film is formed by a sputtering 

method is described in this embodiment, the present invention is not limited to this 

30 example, and the protective film may be formed by a variety of methods such as a 

PCVD method. 

[0220] 
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In this embodiment, the insulating layer 4020 having a stack structure is 

formed as the protective film. As a first layer of the insulating layer 4020, a silicon 

oxide film is formed by a sputtering method. The use of the silicon oxide film as the 

protective film has the effect of preventing a hillock of an aluminum film used for the 

5 source and drain electrode layers. 

[0221] 

In addition, an insulating layer is formed as a second layer of the protective 

film. In this embodiment, as the second layer of the insulating layer 4020, a silicon 

nitride film is formed by a sputtering method. The use of the silicon nitride film as the 

10 protective film can prevent the entry of mobile ions of sodium or the like to a 

semiconductor region so that variation in electrical characteristics of the TFT can be 

suppressed. 

[0222] 

After the protective film is formed, the semiconductor layer may be subjected 

15 to annealing (at 300 to 400 °C). 

[0223] 

Then, the insulating layer 4021 is formed as the planarizing insulating film. 

The insulating layer 4021 can be formed using an organic material having heat 

resistance, such as polyimide, acrylic, benzocyclobutene, polyamide, or epoxy. Other 

20 than such organic materials, it is also possible to use a low-dielectric constant material 

(a low-k material), a siloxane-based resin, PSG (phosphosilicate glass), BPSG 

(borophosphosilicate glass), or the like. Note that the insulating layer 4021 may be 

formed by stacking a plurality of insulating films formed using any of these materials. 

[0224] 

25 Note that a siloxane resin is a resm formed from a siloxane material as a 

starting material and having the bond of Si-0-Si. A siloxane-based resin may use, as a 

substituent, an organic group (e.g., an alkyl group, and an aryl group) or a fluoro group. 

The organic group may have a fluoro group. 

[0225] 

30 There is no particular limitation on the method for forming the insulating layer 

4021, and the insulating layer 4021 can be formed, depending on the material, by a 

sputtering method, an SOG method, a spin coating method, a dipping method, a spray 
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coating method, a droplet discharge method (e.g., an inkjet method, screen printing, 

offset printing, or the like), a doctor knife, a roll coater, a curtain coater, a knife coater, 

or the like. In the case where the insulating layer 4021 is formed using a material 

solution, the semiconductor layer may be annealed (at 300 to 400 °C) at the same time 

5 as a baking step. The baking step of the insulating layer 4021 also serves as the 

annealing step of the semiconductor layer, whereby a semiconductor device can be 

manufactured efficiently. 

[0226] 

The pixel electrode layer 4030 and the counter electrode layer 4031 can be 

10 made of a light-transmitting conductive material such as indium oxide containing 

tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide containing 

titanium oxide, indium tin oxide containing titanium oxide, indium tin oxide 

(hereinafter referred to as ITO), indium zinc oxide, or indium tin oxide to which silicon 

oxide is added .. 

15 [0227] 

A conductive composition containing a conductive high molecule (also referred 

to as a conductive polymer) can be used for forming the pixel electrode layer 4030 and 

the counter electrode layer 4031.It is preferable that the pixel electrode formed using a 

conductive composition have sheet resistance of 10000 n/square or less, and light 

20 transmittance of greater than or equal to 70 % at a wavelength of 550 nm. Further, it is 

preferable that the conductive high molecule contained in the conductive composition 

have resistance of less than or equal to 0.1 0-cm. 

[0228] 

As the conductive high molecule, a so-called n electron conjugated conductive 

25 high molecule can be used. For example, polyaniline and/or a derivative thereof, 

polypyrrole and/or a derivative thereof, polythiophene and/or a derivative thereof, and a 

copolymer of two or more kinds of those materials can be given. 

[0229] 

The variety of signals and potentials are supplied to the signal line driver 

30 circuit 4003 that is formed separately, and the scan line driver circuit 4004 or the pixel 

portion 4002 from an FPC 4018. 
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[0230] 

In Embodiment 7, a connection terminal electrode 4015 is formed from the 

same conductive film as the pixel electrode layer 4030 included in the liquid crystal 

element 4013, and a terminal electrode 4016 is formed from the same conductive film 

5 as source and drain electrode layers of the thin film transistors 4010 and 4011. 

[0231] 

10 

The connection terminal electrode 4015 is electrically connected to a terminal 

included in the FPC 4018 through an anisotropic conductive film 4019. 

[0232] 

Although FIGS. 20Al and 20A2 illustrate an example in which the signal line 

driver circuit 4003 is formed separately and mounted on the first substrate 4001, this 

embodiment is not limited to this structure. The scan line driver circuit may be formed 

separately and then mounted, or only a part of the signal line driver circuit or a part of 

the scan line driver circuit may be formed separately and then mounted. 

15 [0233] 

FIG. 21 illustrates an example of a liquid crystal display module which 1s 

formed as a semiconductor device by using a TFT substrate 2600. 

[0234] 

FIG. 21 shows an example of a liquid crystal display module, in which the TFT 

20 substrate 2600 and a counter substrate 2601 are fixed to each other with a sealant 2602, 

and a pixel portion 2603 including a TFT and the like, a display element 2604 including 

a liquid crystal layer, a coloring layer 2605, and a polarizing plate 2606 are provided 

between the substrates to form a display region. A coloring layer 2605 is necessary to 

perform color display. In the case of the RGB system, respective coloring layers for 

25 red, green, and blue colors are provided for respective pixels. Polarizing plates 2606 

and 2607 and a diffuser plate 2613 are provided outside the TFT substrate 2600 and the 

counter substrate 2601. A light source includes a cold cathode tube 2610 and a 

reflective plate 2611, and a circuit substrate 2612 is connected to a wiring circuit portion 

2608 of the TFT substrate 2600 through a flexible wiring board 2609 and includes an 

30 external circuit such as a control circuit and a power source circuit. The polarizing 

plate and the liquid crystal layer may be stacked with a retardation film interposed 

there between. 
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[0235] 

The liquid crystal display module can use any of the following modes: a TN 

(Twisted Nematic) mode, an IPS (In-Plane-Switching) mode, an FFS (Fringe Field 

Switching) mode, an MVA (Multi-domain Vertical Alignment) mode, a PVA (Patterned 

5 Vertical Alignment) mode, an ASM (Axially Symmetric aligned Micro-cell) mode, an 

OCB (Optical Compensated Birefringence) mode, an FLC (Ferroelectric Liquid 

Crystal) mode, an AFLC (AntiFerroelectric Liquid Crystal) mode, and the like. 

[0236] 

Through the above process, a liquid crystal display panel as a semiconductor 

10 device can be manufactured at reduced cost. 

[0237] 

This embodiment can be implemented in appropriate combination with any of 

the structures described in Embodiments 1 to 3. 

[Embodiment 8] 

15 [0238] 

Electronic paper can be used for electronic devices of a variety of fields as long 

as they display data. For example, an electronic paper can be applied to an e-book 

reader (electronic book), a poster, an advertisement in a vehicle such as a train, or 

displays of various cards such as a credit card. Examples of the electronic devices are 

20 illustrated in FIGS. 23A and 23B and FIG. 24. 

[0239] 

FIG. 23A illustrates a poster 2631 formed using electronic paper. In the case 

where an advertising medium is printed paper, the advertisements are replaced by 

hands; however, by using electronic paper to which Embodiment 3 is applied, the 

25 advertisements can be changed in a short period of time. Further, stable images can be 

obtained without display defects. The poster may have a configuration capable of 

wirelessly transmitting and receiving data. 

[0240] 

FIG. 23B illustrates an advertisement 2632 in a vehicle such as a train. In the 

30 case where an advertising medium is printed paper, the advertisement is replaced by 

hands; however, by using electronic paper to which Embodiment 3 is applied, the 

advertising display can be changed in a short period of time with less manpower. 
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Furthermore, stable images can be obtained without display defects. The poster may 

have a configuration capable of wirelessly transmitting and receiving data. 

[0241] 

FIG. 24 illustrates an example of an e-book reader 2700. For example, the 

5 e-book reader 2700 includes two housings, a housing 2701 and a housing 2703. The 

housing 2701 and the housing 2703 are combined with a hinge 2711 so that thee-book 

reader 2700 can be opened and closed with the hinge 2711 as an axis. With such a 

structure, the e-book reader 2700 can operate like a paper book. 

[0242] 

10 A display portion 2705 and a display portion 2707 are incorporated in the 

housing 2701 and the housing 2703, respectively. The display portion 2705 and the 

display portion 2707 may display one image or different images. In the case where the 

display portion 2705 and the display portion 2707 display different images, for example, 

a display portion on the right side (the display portion 2705 in FIG. 24) can display text 

15 and a display portion on the left side (the display portion 2707 in FIG. 24) can display 

graphics. 

[0243] 

FIG. 24 illustrates an example in which the housing 2701 is provided with an 

operation portion and the like. For example, the housing 2701 is provided with a 

20 power switch 2721, an operation key 2723, a speaker 2725, and the like. With the 

operation key 2723, pages can be turned. Note that a keyboard, a pointing device, and 

the like may be provided on the same surface as the display portion of the housing. 

Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a 

terminal that can be connected to various cables such as an AC adapter and a USB cable, 

25 or the like), a recording medium insertion portion, and the like may be provided on the 

back surface or the side surface of the housing. Moreover, the e-book reader 2700 may 

have a function of an electronic dictionary. 

[0244] 

The e-book reader 2700 may have a configuration capable of wirelessly 

30 transmitting and receiving data. Through wireless communication, desired book data 

or the like can be purchased and downloaded from an electronic book server. 

[Embodiment 9] 
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[0245] 

A semiconductor device according to one embodiment of the present invention 

can be applied to a variety of electronic devices (including an amusement machine). 

Examples of electronic devices include: television sets (also referred to as televisions or 

5 television receivers), monitor of computers or the like, cameras such as digital cameras 

or digital video cameras, digital photo frames, cellular phones (also referred to as 

mobile phones or mobile phone sets), portable game consoles, portable information 

terminals, audio reproducing devices, large-sized game machines such as pachinko 

machines, and the like. 

10 [0246] 

FIG. 25A illustrates an example of a television set 9600. In the television set 

9600, a display portion 9603 is incorporated in a housing 9601. The display portion 

9603 can display images. In FIG. 25A, the housing 9601 is supported by a stand 9605. 

[0247] 

15 The television set 9600 can be operated with an operation switch of the housing 

9601 or a separate remote controller 9610. Channels and volume can be controlled 

with an operation key 9609 of the remote controller 9610 so that an image displayed on 

the display portion 9603 can be controlled. Furthermore, the remote controller 9610 

may be provided with a display portion 9607 for displaying data output from the remote 

20 controller 9610. 

[0248] 

Note that the television set 9600 is provided with a receiver, a modem, and the 

like. With the use of the receiver, general television broadcasting can be received. 

Moreover, when the display device is connected to a communication network with or 

25 without wires via the modem, one-way (from a sender to a receiver) or two-way 

(between a sender and a receiver or between receivers) information communication can 

be performed. 

[0249] 

FIG. 25B illustrates an example of a digital photo frame 9700. For example, 

30 in the digital photo frame 9700, a display portion 9703 is incorporated in a housing 

9701. Various images can be displayed on the display portion 9703.For example, the 

display portion 9703 can display data of an image shot by a digital camera or the like to 
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function as a normal photo frame. 

[0250] 

Note that the digital photo frame 9700 is provided with an operation portion, an 

external connection portion (a USB terminal, a terminal that can be connected to various 

5 cables such as a USB cable, or the like), a recording medium insertion portion, and the 

like. Although they may be provided on the same surface as the display portion, it is 

preferable to provide them on the side surface or the back surface for the design of the 

digital photo frame 9700. For example, a memory storing data of an image shot by a 

digital camera is inserted in the recording medium insertion portion of the digital photo 

10 frame, whereby the image data can be downloaded and displayed on the display portion 

9703. 

[0251] 

The digital photo frame 9700 may transmit and receive data wirelessly. 

Through wireless communication, desired image data can be downloaded to be 

15 displayed. 

[0252] 

FIG. 26A is a portable game machine and includes two housings, a housing 

9881 and a housing 9891, which are connected with a joint portion 9893 so that the 

portable game machine can be opened or folded. A display portion 9882 and a display 

20 portion 9883 are incorporated in the housing 9881 and the housing 9891, respectively. 

In addition, the portable game machine illustrated in FIG. 26A is provided with a 

speaker portion 9884, a recording medium insert portion 9886, an LED lamp 9890, 

input means (operation keys 9885, a connection terminal 9887, a sensor 9888 (having a 

function of measuring force, displacement, position, speed, acceleration, angular 

25 velocity, rotation number, distance, light, liquid, magnetism, temperature, chemical 

substance, sound, time, hardness, electric field, current, voltage, electric power, radial 

ray, flow rate, humidity, gradient, vibration, odor, or infrared ray), and a microphone 

9889), and the like. It is needless to say that the structure of the portable amusement 

machine is not limited to the above as long as the structure is provided with at least a 

30 semiconductor device including the thin film transistor described in Embodiment 1 or 2. 

The portable amusement machine may include other accessory equipment as 

appropriate. The portable game machine illustrated in FIG. 26A has a function of 
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reading a program or data stored in a recording medium to display it on the display 

portion, and a function of sharing information with another portable game machine by 

wireless communication. Note that the function of the portable game machine 

illustrated in FIG. 26A is not limited to those described above, and the portable game 

5 machine can have a variety of functions. 

[0253] 

FIG. 26B illustrates an example of a slot machine 9900 which is a large-sized 

amusement machine. In the slot machine 9900, a display portion 9903 is incorporated 

in a housing 9901. In addition, the slot machine 9900 includes an operation means 

10 such as a start lever or a stop switch, a coin slot, a speaker, and the like. It is needless 

to say that the structure of the slot machine 9900 is not limited to the above as long as 

the structure is provided with at least a semiconductor device including the thin film 

transistor described in Embodiment 1 or 2. The slot machine 9900 may include other 

accessory equipment as appropriate. 

15 [0254] 

FIG. 27 illustrates an example of a mobile phone 1000. The mobile phone 

1000 is provided with a display portion 1002 incorporated in a housing 1001, operation 

buttons 1003, an external connection port 1004, a speaker 1005, a microphone 1006, 

and the like. 

20 [0255] 

When the display portion 1002 of the mobile phone 1000 illustrated in FIG. 27 

is touched with a finger or the like, data can be input into the mobile phone 1000. 

Furthermore, operations such as making calls and composing mails can be performed by 

touching the display portion 1002 with a finger or the like. 

25 [0256] 

There are mainly three screen modes of the display portion 1002. The first 

mode is a display mode mainly for displaying an image. The second mode is an input 

mode mainly for inputting information such as text. The third mode is a 

display-and-input mode in which two modes of the display mode and the input mode 

30 are mixed. 

[0257] 

For example, in the case of making a call or composing a mail, a text input 
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mode mainly for inputting text is selected for the display portion 1002 so that text 

displayed on a screen can be input. In that case, it is preferable to display a keyboard 

or number buttons on almost all the area of the screen of the display portion 1002. 

[0258] 

5 When a detection device including a sensor for detecting inclination, such as a 

gyroscope or an acceleration sensor, is provided inside the mobile phone 1000, display 

on the screen of the display portion 1002 can be automatically switched by determining 

the direction of the mobile phone 1000 (whether the mobile phone 1000 is placed 

horizontally or vertically for a landscape mode or a portrait mode). 

10 [0259] 

The screen mode is switched by touching the display portion 1002 or operating 

the operation buttons 1003 of the housing 1001. Alternatively, the screen modes can 

be switched depending on kinds of images displayed in the display portion 1002. For 

example, when a signal for an image displayed in the display portion is data of moving 

15 images, the screen mode is switched to the display mode, and whereas when the signal 

is text data, the screen mode is switched to the input mode. 

[0260] 

Moreover, in the input mode, when input by touching the display portion 1002 

is not performed within a specified period while a signal detected by the optical sensor 

20 in the display portion 1002 is detected, the screen mode may be controlled so as to be 

switched from the input mode to the display mode. 

[0261] 

The display portion 1002 can also function as an image sensor. For example, 

an image of a palm print, a fingerprint, or the like is taken by touching the display 

25 portion 1002 with the palm or the finger, whereby personal authentication can be 

performed. Furthermore, by providing a backlight or a sensing light source emitting a 

near-infrared light for the display portion, an image of a finger vein, a palm vein, or the 

like can also be taken. 

[Embodiment 1 O] 

30 [0262] 

The examples m which a buffer layer is provided are described in 

Embodiments 1 and 2. In this embodiment, an example in which a buffer layer is not 
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provided will be described. Further, an example in which an inverter circuit is formed 

using two n-channel thin film transistors will be described below. 

[0263] 

A driver circuit for driving a pixel portion is formed using an inverter circuit, a 

5 capacitor, a resistor, and the like. When two n-channel TFTs are combined to form an 

inverter circuit, there are two types of combinations: a combination of an enhancement 

type transistor and a depression type transistor (hereinafter, a circuit formed by such a 

combination is referred to as an "EDMOS circuit") and a combination of enhancement 

type TFTs (hereinafter, a circuit formed by such a combination is referred to as an 

10 "EEMOS circuit"). Note that when the threshold voltage of the n-channel TFT is 

positive, the n-channel TFT is defined as an enhancement type transistor, while when 

the threshold voltage of the n-channel TFT is negative, the n-channel TFT is defined as 

a depression type transistor, and this specification follows the above definitions. 

[0264] 

15 The pixel portion and the driver circuit are formed over the same substrate. In 

the pixel portion, ON/OFF of voltage application to a pixel electrode is switched using 

enhancement type transistors arranged in a matrix. An oxide semiconductor is used 

for these enhancement type transistors arranged in the pixel portion. Since the 

enhancement type transistor has electric characteristics such as an on/ off ratio of greater 

20 than or equal to 109 at a gate voltage of± 20 V, leakage current is small and low power 

consumption drive can be realized. 

[0265] 

FIG. 32A illustrates a cross-sectional structure of the inverter circuit of the 

driver circuit. In FIG. 32A, a first gate electrode 1401 and a second gate electrode 

25 1402 are provided over a substrate 1400. The first gate electrode 1401 and the second 

gate electrode 1402 each can be formed to have a single-layer structure or a 

stacked-layer structure using a metal material such as molybdenum, titanium, chromium, 

tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy material 

containing any of these materials as its main component. 

30 [0266] 

For example, as a two-layer structure of each of the first gate electrode 1401 

and the second gate electrode 1402, the following structures are preferable: a two-layer 
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structure of an aluminum layer and a molybdenum layer stacked thereover, a two-layer 

structure of a copper layer and a molybdenum layer stacked thereover, a two-layer 

structure of a copper layer and a titanium nitride layer or a tantalum nitride layer 

stacked thereover, and a two-layer structure of a titanium nitride layer and a 

5 molybdenum layer. As a three-layer structure, a stack of a tungsten layer or a tungsten 

nitride layer, a layer of an alloy of aluminum and silicon or an alloy of aluminum and 

titanium, and a titanium nitride layer or a titanium layer is preferable. 

[0267] 

Further, a first wiring 1409, a second wiring 1410, and a third wiring 1411 are 

10 provided over a gate insulating layer 1403 that covers the first gate electrode 1401 and 

the second gate electrode 1402. The second wiring 1410 is directly connected to the 

second gate electrode 1402 through a contact hole 1404 formed in the gate insulating 

layer 1403. 

[0268] 

15 Further, a first oxide semiconductor layer 1405 which is on and in contact with 

the first wiring 1409 and the second wiring 1410 is provided at a position overlapping 

with the first gate electrode 1401, and a second oxide semiconductor layer 1407 which 

is on and in contact with the second wiring 1410 and the third wiring 1411 is provided 

at a position overlapping with the second gate electrode 1402. 

20 [0269] 

A first thin film transistor 1430 includes the first gate electrode 1401 and the 

first oxide semiconductor layer 1405 that overlaps with the first gate electrode 1401 

with the gate insulating layer 1403 interposed therebetween, and the first wiring 1409 is 

a power supply line at a ground potential (a ground power supply line). This power 

25 supply line at a ground potential may be a power supply line to which a negative 

voltage VDL is applied (a negative power supply line). 

[0270] 

In addition, the second thin film transistor 1431 includes the second gate 

electrode 1402 and the second oxide semiconductor layer 1407 overlapped with the 

30 second gate electrode 1402 with the gate insulating layer 1403 interposed therebetween, 

and the third wiring 1411 is a power supply line to which a positive voltage VDD is 

applied (a positive power supply line). 
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[0271] 

Tapered shapes of the side surfaces of the first wiring 1409 and the second 

wmng 1410 which face each other with the first oxide semiconductor layer 1405 

interposed therebetween enable respective regions of the oxide semiconductor layer, 

5 which overlap with the side surfaces of the source electrode layer and the drain 

electrode layer to function as electric-field relaxation regions. 

[0272] 

Further, tapered shapes of the side surfaces of the second wiring 1410 and the 

third wiring 1411 which face each other with the second oxide semiconductor layer 

10 1407 interposed there between enable respective regions of the oxide semiconductor 

layer, which overlap with the side surfaces of the source electrode layer and the drain 

electrode layer to function as electric-field relaxation regions. 

[0273] 

As illustrated in FIG. 32A, the second wmng 1410 which is electrically 

15 connected to both the first oxide semiconductor layer 1405 and the second oxide 

semiconductor layer 1407 is directly connected to the second gate electrode 1402 of the 

second thin film transistor 1431 through the contact hole 1404 formed in the gate 

insulating layer 1403. The second wiring 1410 and the second gate electrode 1402 are 

directly connected to each other, whereby favorable contact can be obtained, which 

20 leads to reduction in contact resistance. In comparison with the case where the second 

gate electrode 1402 and the second wiring 1410 are connected to each other with 

another conductive film, e.g., a transparent conductive film interposed therebetween, a 

reduction in the number of contact holes and a reduction in an area occupied by the 

driver circuit by the reduction in the number of contact holes can be achieved. 

25 [0274] 

Further, FIG. 32C is a top view of the inverter circuit of the driver circuit. A 

cross section taken along chain line Zl-Z2 of FIG. 32C corresponds to FIG. 32A. 

[0275] 

Further, FIG. 32B illustrates an equivalent circuit of the ED MOS circuit. The 

30 circuit connection illustrated in FIGS. 32A and 32C corresponds to that illustrated in 

FIG. 32B. Illustrated is an example in which the first thin film transistor 1430 is an 

enhancement-type n-channel transistor and the second thin film transistor 1431 is a 
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depression-type n-channel transistor. 

[0276] 

Although the example of an EDMOS circuit is described in this embodiment, 

the driver circuit may be formed using an EEMOS circuit in which enhancement-type 

5 n-channel transistors are used. 

[0277] 

Further, although the example in which a buffer layer is not provided is 

described in this embodiment, the present invention is not limited thereto and a buffer 

layer may be provided over the first wiring 1409, the second wiring 1410, and the third 

10 wiring 1411 like in Embodiment 1. 

[0278] 

15 

This embodiment can be freely combined with any one of Embodiments 1 to 9. 

[Embodiment 11] 

[0279] 

In Embodiment 11, the degradation of electrical characteristics of thin film 

transistors having model structures shown in FIGS. 33A to 33C when stress is applied 

was calculated. 

[0280] 

In a structure shown in FIG. 33A, a gate electrode layer 302 and a gate 

20 insulating layer 303 are stacked over a glass substrate 301 in this order, and a source 

electrode layer 304 and a drain electrode layer 305 are formed thereover. An oxide 

layer 307 and an oxide layer 308 are provided on the side surface of the source electrode 

layer 304 and the side surface of the drain electrode layer 305 respectively. The oxide 

layers 307 and 308 here are respective native oxide films of the source electrode layer 

25 304 and the drain electrode layer 305. An oxide semiconductor layer 306 is formed to 

cover the source electrode layer 304, the drain electrode layer 305, and the oxide layers 

307 and 308. 

[0281] 

In this embodiment, the gate electrode layer 302 was formed usmg 

30 molybdenum, and the source electrode layer 304 and the drain electrode layer 305 were 

formed using the same material as the gate electrode layer 302. The gate insulating 

layer 303 was a silicon oxide film, and thickness thereof was 100 nm and relative 
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permittivity Er thereof was 4.1. The thickness of the oxide semiconductor layer 306 

was 50 nm and a material thereof was an In-Ga-Zn-0-based non-single-crystal film. 

Channel length L of the thin film transistor was 10 µm and channel width W thereof 

was 10 µm. 

5 [0282] 

As for the stress which was applied to the thin film transistor, gate voltage V gs 

was set to 2 V and source-drain voltage V ds was set to 20 V. The period of time 

during which the stress is applied was 1000 seconds, and the electrical characteristics 

before and after the stress application were compared to each other. 

10 [0283] 

Device simulator "Atlas" made by Silvaco was used for the calculation. 

[0284] 

Further, the calculation was performed in the respective cases where the taper 

angles 81 of the source electrode layer 304 are 27°, 45°, and 63°. The taper angle 81 

15 of the source electrode layer 304 was set to be the same angle as the taper angle 82 of 

the drain electrode layer 305. 

[0285] 

Calculation results in the case where the taper angle 81 of the source electrode 

layer 304 is 27° are shown in FIG. 34. 

20 [0286] 

Calculation results in the case where the taper angle 81 of the source electrode 

layer 304 is 45° are shown in FIG. 35. 

[0287] 

Calculation results in the case where the taper angle 81 of the source electrode 

25 layer 304 is 63° are shown in FIG. 36. 

[0288] 

From these results of FIGS. 34 to 36, such result that the degradation becomes 

smaller as the taper angle 81 of the source electrode layer 304 is smaller can be 

obtained. 

30 [0289] 

For comparison, the result of the calculation which was performed in the 
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similar manner on a structure shown in FIG. 33B where taper angle 81 is 90° is shown 

in FIG. 37 A. The structure shown in FIG. 33B is the same as the structure shown in 

FIG. 33A except that the taper angle 81 is different from that in FIG. 33A. 

[0290] 

5 Furthermore, for comparison, the result of the calculation which was performed 

in the similar manner on a structure shown in FIG. 33C where taper angle 81 is 27° and 

no oxide layer is formed on the side surface of each of a source electrode layer 304 and 

a drain electrode layer 305 is shown in FIG. 37B. Changing of the taper angle 81 made 

no difference in the results as long as there is no oxide layer on the side surface of each 

10 electrode layer. In the case where there is no oxide layer on the side surface of each 

electrode layer, the interface between the gate insulating layer 303 and the oxide 

semiconductor layer 306 corresponds to a current path, and therefore, the taper angle of 

the side surface of the source electrode layer 304 does not affect the current path. 

15 

[0291] 

From these results, it can be said that degradation of the electrical 

characteristics of the thin film transistor can be suppressed by providing the oxide layer 

307 and the oxide layer 308 on the respective side surfaces of the source electrode layer 

304 and the drain electrode layer 305 and setting the taper angle 81 to be smaller than 

90°. 

20 [0292] 

The embodiments described above will be described in more detail in examples 

below. 

[Example 1] 

[0293] 

25 In this example, characteristics of a thin film transistor manufactured using an 

oxide semiconductor layer will be described. 

[0294] 

The method for manufacturing a transistor used m this example will be 

described below. 

30 [0295] 

First, a first conductive film was formed over a substrate and patterned by a 
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photolithography method to form a gate electrode 502. Then, a gate insulating layer 

503 was formed over the gate electrode 502. Then, a second conductive film and a 

buffer layer were formed over the gate insulating layer 503. The second conductive 

film and the buffer layer were formed successively without exposing the substrate to the 

5 air. Then, the second conductive film and the buffer layer were patterned by a 

photolithography method, so that a source electrode layer 506a and a drain electrode 

layer 506b respective parts of which overlap with the gate electrode were formed. 

Then, an oxide semiconductor layer was formed over the gate insulating layer, the 

source electrode layer, and the drain electrode layer and patterned by a photolithography 

10 method to form an island-shaped oxide semiconductor layer 510 which functions as a 

channel formation region. Then, thermal treatment at 350 °C for 1 hour was 

performed under a nitrogen atmosphere. 

[0296] 

As the substrate, a glass substrate manufactured by ASAHI GLASS CO., LTD. 

15 (product name: AN 100) was used. 

[0297] 

As the first conductive film for forming the gate electrode 502, a tungsten film 

with a thickness of 100 nm was formed by a sputtering method. 

[0298] 

20 As the gate insulating layer 503, a silicon oxynitride film with a thickness of 

100 nm was formed by a plasma CVD method. 

[0299] 

As the second conductive film for forming the source electrode layer 506a and 

the drain electrode layer 506b, a tungsten film with a thickness of 100 nm was formed 

25 by a sputtering method. 

[0300] 

As the buffer layer, an In-Ga-Zn-0-based non-single-crystal film with a 

thickness of 5 to 10 nm was formed by a sputtering method. As for the film deposition 

condition, only an argon gas was used and a target in which In20 3:Ga20 3:Zn0 = 1:1:1 

30 was used. 

[0301] 

As the oxide semiconductor layer, an In-Ga-Zn-0-based non-single-crystal film 
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with a thickness of 150 nm was formed by a sputtering method. The film deposition 

condition was as follows: the pressure was 0.4 Pa, the power was 500 W, the film 

deposition temperature was 25 °C, the argon gas flow rate was 10 seem, the oxygen 

flow rate was 5 seem, the distance between the glass substrate and the target was 170 

5 mm, and a direct-current (DC) power source was used. As the target, a target in which 

In20 3:Ga20 3:Zn0 = 1: 1: 1 (In:Ga:Zn = 1: 1 :0.5) was used. After a plasma treatment 

was performed, the oxide semiconductor layer was formed successively without 

exposing a substrate 500 to the air. From the measurement with inductively coupled 

plasma mass spectrometry (ICP-MS), the composition of the oxide semiconductor layer 

10 obtained by this film deposition condition was InGao_94Zno.4o03_31. 

[0302] 

FIG. 28 is a graph showing a V g-Id curve of a thin film transistor. In this 

example, the drain voltage (a voltage which is applied to the drain with respect to a 

voltage which is applied to the source) was set to 1 V for the measurement. 

15 [0303] 

In this example also, the structure of the transistor was as follows, which is 

shown in FIG. 29. In specific, channel length L of the transistor was set to 100 µm, 

channel width W of the transistor was set to 100 µm, length Ls where the source 

electrode layer 506a and the gate electrode 502 overlap with each other was set to 5 µm, 

20 length Ld where the drain electrode layer 506b and the gate electrode 502 overlap with 

each other was set to 5 µm, and each length A where the oxide semiconductor layer 510 

does not overlap with either the source electrode layer 506a or the drain electrode layer 

506b in the direction which is parallel to the channel width was set to 5 µm. 

25 

[0304] 

Through the above, it was found that the successive formation of the second 

conductive film and the buffer layer without exposing the substrate to the air enables the 

on/off ratio of the transistor to be increased and the electron field-effect mobility to be 

increased. 

[Example 2] 

30 [0305] 

In this example, one example of the electrode shape after etching will be 
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described. First, the process for manufacturing a sample will be described using FIGS. 

30A to 30C. The sample is different from the thin film transistor described in Example 

1 only in the cross-sectional shape of each of a source electrode layer and a drain 

electrode layer and in that a buffer layer is not formed, and will be described using the 

5 same reference numerals for the same portions as those of the thin film transistor 

described in Example 1. 

[0306] 

First, a first conductive film was formed over a substrate and patterned by a 

photolithography method to form a gate electrode 502. Then, a gate insulating layer 

10 503 was formed over the gate electrode 502 (see FIG. 30A). Then, a second 

conductive film was formed over the gate insulating layer 503. Then, the second 

conductive film was patterned by a photolithography method, so that a source electrode 

layer 606a and a drain electrode layer 606b respective parts of which overlap with the 

gate electrode were formed (see FIG. 30B). Then, an oxide semiconductor layer was 

15 formed over the gate insulating layer, the source electrode layer, and the drain electrode 

layer and patterned by a photolithography method to form an island-shaped oxide 

semiconductor layer 610 which functions as a channel formation region was formed 

(see FIG. 30C). 

20 

[0307] 

As the substrate, a glass substrate manufactured by ASAHI GLASS CO., LTD. 

(product name: AN 100) was used. 

[0308] 

As the first conductive film for forming the gate electrode 502, a tungsten film 

with a thickness of 100 nm was formed by a sputtering method. 

25 [0309] 

As the gate insulating layer 503, a silicon oxynitride film with a thickness of 

100 nm was formed by a plasma CVD method. 

[0310] 

As the second conductive film for forming the source electrode layer 606a and 

30 the drain electrode layer 606b, a tungsten film with a thickness of 100 nm was formed 

by a sputtering method. 

[0311] 
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5 

As the oxide semiconductor layer, an In-Ga-Zn-0-based non-single-crystal film 

with a thickness of 150 nm was formed by a sputtering method. The film deposition 

condition thereof was the same as that in Example 1. 

[0312] 

The source electrode layer 606a and the drain electrode layer 606b were etched 

by using an ICP etching apparatus using a coiled antenna. The etching was performed 

by generating plasma under the following condition: the gas flow rate of CF 4 was set to 

25 seem, the gas flow rate of Ch was set to 25 seem, the gas flow rate of 0 2 was set to 

10 seem, and an RF (13.56 MHz) power of 500 W was applied to a coiled electrode at a 

10 pressure of 1.5 Pa. An RF (13.56 MHz) power of 10 W was applied to the substrate 

side (sample stage), which means that a negative self-bias voltage was substantially 

applied thereto. This etching was stopped when at least the gate insulating film 503 is 

exposed to some extent, thereby forming the side surface of the electrode, which has a 

step. 

15 [0313] 

By the above etching condition, with respect to the cross-sectional shape of the 

source electrode layer 606a, the angle 81 formed between the surface of the substrate 

and the bottom edge of the side surface of the source electrode layer 606a can be made 

to be greater than or equal to 20° and less than 90°. The cross-sectional photograph of 

20 the portion surrounded by a dotted line in FIG. 30C is FIG. 3 lA. FIG. 3 lB is a pattern 

diagram of FIG. 3 lA. As shown in FIG. 3 lA, 81 was about 40°. Further, as shown in 

FIG. 3 lA, the angle formed between the surface of the substrate and the top edge of the 

side surface of the source electrode layer 606a was about 90°. The cross section of the 

side surface of the source electrode layer 606a and that of the side surface of the drain 

25 electrode layer 606b, which face each other with the oxide semiconductor layer 610 

interposed therebetween have substantially the same shape as each other because the 

same etching step is performed thereon. 

[0314] 

From this example, it can be said that it can be suggested that the 

30 cross-sectional shape of each of the source electrode layer and the drain electrode layer 

described in Embodiment 2 is manufactured. 
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This application is based on Japanese Patent Application serial no. 

2008-287187 filed with Japan Patent Office on November 7, 2008, the entire contents of 

which are hereby incorporated by reference. 
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WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 

a gate electrode formed over a substrate having an insulating surface; 

an insulating layer formed over the gate electrode; 

a source and drain electrodes formed over the insulating layer; and 

an oxide semiconductor layer formed between a side surface of the source 

electrode and a side surface of the drain electrode, which face each other, so as to 

overlap with the gate electrode with the insulating layer interposed therebetween, 

wherein the oxide semiconductor layer is in contact with at least the respective 

side surfaces of the source and drain electrodes, and 

wherein a first angle formed between a surface of the substrate and the side 

surface of the source electrode and a second angle formed between the surface of the 

substrate and the side surface of the drain electrode are each greater than or equal to 

20° and less than 90°. 
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ABSTRACT OF THE DISCLOSURE 

A structure by which electric-field concentration which might occur between a 

source electrode and a drain electrode in a bottom-gate thin film transistor is relaxed and 

5 deterioration of the switching characteristics is suppressed, and a manufacturing method 

thereof. A bottom-gate thin film transistor in which an oxide semiconductor layer is 

provided over a source and drain electrodes is manufactured, and angle 81 of the side 

surface of the source electrode which is in contact with the oxide semiconductor layer and 

angle 82 of the side surface of the drain electrode which is in contact with the oxide 

10 semiconductor layer are each set to be greater than or equal to 20° and less than 90°, so that 

the distance from the top edge to the bottom edge in the side surface of each electrode is 

increased. 
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DESCRIPTION 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

5 TECHNICAL FIELD 

[0001] 

The present invention relates to a semiconductor d~vice using ZnO (Zinc Oxide) and a 

manufacturing method thereof. 

BACKGROUND ART · 

10 [0002] 

A semiconductor device used for a display panel of a liquid crystal display device or an 

EL (Electroluminescent) display device, for example, a semiconductor portion of a TFf (Thin 

Film Tra9sistor), is generally formed by using a-Si (amorphous silicon) or ·poly-Si 

(polycrystalline silicon). 

15 (0003] 

Si (silicon) d".JeS not have a large band gap (for example, single-crystalline Si is 1.1 eV), · 

and absorbs visible light. By irradiation with the light, elec::trons and holes ( ca.rriers) are. formed 

in Si. If a Si ·mm is used for a channel formation region Of a TFf, a carrier is generated in the 

channel formation region by irradiation with the light even in an OFF state._ Then, current 

20 flows between a source region and a drain region. The current which flows in an OFF state is 

called "OFF-leak current". If the current value is high, a display panel does not operate 

normally. Consequently, a light shielding film is formed so as not to irradiate the Si film with 

light. However, a process becomes complex when the light shielding film is formed, because a 

deposition step, a photolithography step, and an etching step are required. 

25 [0004] 

To solve the problem, an attention is paid to a transparent transistor using zinc oxide 

(ZnO) which is a semiconductor having a larger band gap of 3.4 e V than that of Si. Concerning 

such a transparent transistor, the band gap is larger than light energy in a visible light band and 

the visible light is not absorbed. Consequently, it has an advantage that the OFF-leak current 
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does not increase if irradiated with light. 

[0005] 

A semiconductor device using Zn.O for the channel formation· region is disclosed in 

Reference 1, for example. The structure of the semiconductor device using ZnO is described 

5 referring to FIG. 7 A. 

[00061 

A semiconductor device in FIG 7 A has a source electrode 1001 and a drain electrode 

1002, a ZnO layer 1003 arranged so as to be contacted with the source electrode 1001 and the 

drain el~ctrode 1002, and a gate insulating layer 1004 stacked over the ZnO layer 1003 and a 

10 gate electrode 1005 over an insulating substrate 1000 such as· a glass substrate. . . . 
[0007) 

· For the source electrode 1001 and the drain electrode 1002, a conductive ZnO is used. 
' 

The conductive ZnO is doped with one of the following: B(boron), Al (aluminum), Ga (gallium), 

In (indium), or TI (thallium), which are Ill group elements; F{fluorine), Cl {chlorine),- Br 

15 (bromine), or I (iodine), which are VII group elements; Li (lithium), Na (sodium), K (potassium), 

Rb (rubidium), or Cs (caesium), which are I group eleme.nts; and N (nitrogen), P (phosphorus), 

As (arsenic), Sb (antimony), or Bi (bismuth), which are V group elements. 

[Reference 1] Japanese Published Patent Application No. 2000-150900 

DISCLOSURE OF INVENTION 

20 [0008] 

According to the examination by the present inventor, it was revealed that the substrate 

1000 is etched in some cases when the source electrode 1001 and the drain electrode 1002 of the 

top gate semiconductor device shown in FIG. 7 A is formed by etching. Even in the case of 

forming a base film 1006 formed by using a·silicon oxide film or a silicon oxynitride film on the 

25 substrate 1000, the surface of the substrate 1000 is exposed in some cases when the base film is 

etched. In addition, in the case of a bottom gate semiconductor device shown in FIG. 7B, it is 

revealed that a gate insulating film 1004 formed by using a silicon oxide film or a silicon 

oxynitride film is etched when a source electrode 1001 and a drain electrode 1002 are formed by 

etching. 

30 [0009] 

162



WO 2007/058329 PCT I JP2006/32304 2 

3 

It the case of the top gate semiconductor device, when the glass substrate 1000 or the 

base film 1006 formed by using a silicon oxide film or a silicon oxynitride film is etched, an 

impurity such as sodium is diffused into a semiconductor film 1003 from the substrate 1000, so 

that characteristics are deteriorated. 

5 [0010] 

10 

In the case of the bottom gate semiconductor device (FIG 7B), if the gate insulating 

film 1004 is etched when the source electrode 1001 and the drain electrode 1002 are formed by 

etching; the characteristics are not stable and causes a fault. 

(0011], 

.In consideration of the above situation, it is an object of the present invention to provMe 

a semiconductor device in which a defect or a fault is not generated and a manufacturing method 

thereof even if a ZnO semiconductor film is used for the ch.ann.el formation region, ~nd ·a ZnO . 
I • . 

film.to which an n-type or p-type impurity is added is used for the source electrode and the drain 

electrode. 

15 [0012] 

An aspect of a semiconductor device·of this invention has an Al film or an Al alloy film 

ov~r a silicon oxide film or a silicon oxynitride film, and a ZnO fih:il to which an n·type or p·type 

impurity is added over the Al film or the Al alloy fil"!Il. "A silicon oxide film", "a silicon 

oxynitride film". "an Al film'', "an Al alloy film" and "a ZnO film" in this specification means a. 

20 film containing silicon oxide, a film containing silion oxynitride. a :film containing Al. a film 

containing Al alloy, a film containing ZnO, respectively. 

[0013] 

An aspect of a semiconductor device of this invention has a gate insulating film formed 

by using a silicon oxide film or a silicon OXYnitride film over a gate electrode, an Al film or an Al 

25 alloy film over the gate insulating film, a ZnO film to which an n-type or p-type impurity is 

added over the Al film or the Al alloy film, and a ZnO semiconductor film over the ZnO film to 

which an n-type or p-type impurity is added and the gate insulating film. 

[0014] 

An aspect of a semiconductor device of this invention has an Al film or an Al alloy film 

30 over a silicon oxide film or a silicon oxynitride film, a ZnO film to which an n-type or p-type 
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impurity is added over the Al film or the Al alloy film, a ZnO semiconductor film over the 

silicon oxide film or the silicon oxynitride film and the ZnO film to which an n-type or p-type 

impurity is added, a gate insulating film over the ZnO semiconductor film, and a gate electrode 

over the gate insulating film. 

5 [0015} 

An aspect of a manufacturing method of a semiconductor device of this invention has 

the steps of: forming a silicon oxide film or a Silicon oxynitride film; fonning an Al film or an Al 

alloy film over the silicon oxide film or the silicon oxynitrid.e film; forming a ZnO film to which 
. . 

an n-type or p-type impurity is added over the Al film or the Al alloy film, wherein the ZnO film. 

10 to which an n-type or p-type impurity is added is etched to· have an island-like shape by a first 

etching, and the Al fiJm or the Ai alloy film is etched to have an island-like shape by a second 

etching. 

[0016] 

An aspect of a manufacturing method of a semiconductor device of this invention, 

15 wherein a ZnO semicondu~tor film is formed over the ZnO film to which an n-type or p-type 

impurity is added, and the silicon oxide film oi the silicon oxynitride film after the second 

etching. 

[0017] . 

In the case of the bottom gate semiconductor device, a gate insulating film formed by 

20 . using the silicon oxide fHm .or the silicon oxynitride film is formed over the ·gate electrode after 

forming a gate electrode. 

[0018] 

In the case of the top gate semiconductor device, a gate insulating film is formed and a 

gate electrode is formed after the ZnO semiconductor film is formed. 

25 [0019] 

A first etching of this invention may be wet etching. 

(0020] 

A first etching of this invention may be wet etching using buffered fluoric acid. 

[0021] 

30 A first etching of this invention may be dry etching. 
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[0022] 

A first etching of this invention may be dry etching using CH4 (methane) gas. 

[0023] 

A second etching of this invention may be wet etching. 

5 [0024] 

A second etching of this invention may be wet etching using dev~loping solution for a 

photoresist. 

[0025] . 

, A second etching of this invention may be wet etching using an organic alkaline. 

10 solution .. 

15 

[0026] 

A second etching of this invention may be wet etching using_ TMAH 
I 

(tetra,methylammonium hydroxide). 

[0027] 

An aspect of a s~miconductor device of this invention has a gate electrode, a gate 

insulating film over the gate electrode, a first film comprising metal material over the gate 

insulating film, a second film comprising a transparent semiconductor material and an n-type or 

p-type impurity over the first film, and a third film comprising the transparent semiconductor 

material over the second film and the gate insulating film. 

20 . [0028] 

An aspect of a semiconductor device of this invention has an insulating film over a 

substrate, a first film comprising a metal material over the insulating film, a second film 

comprising a transparent semiconductor material and an n-type or p-type impurity over the metal 

film, a third film comprising the transparent. semiconductor material over the insulating film and 

25 the second film, a gate insulating film over the third film, and a gate electrode over the gate 

insulating film. 

[0029] 

An aspect of a manufacturing method of a semiconductor device of this invention has 

the steps of: forming an insulating film over a substrate, forming a first film comprising a metal 

30 material over the insulating film, forming a second film comprising a transparent semiconductor 
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material and an n-type or p-type impurity over the first film, etching the second film, and etching 

the first film. 

(00301 

An aspect of a manufacturing method of a semiconductor device of this invention has 

5 the steps of: forming a gate electrode over a substrate', forming a gate insulating film over the 

gate electrode, forming a first film comprising a metal material over the gate insulating film, 

forming a second film comprising a transparent semiconductor material and an n-type or p-type 

impurity over second film, etching the second film, a,nd etching the first fiJm. 

10 

[0031], 

Jn the top gate semiconductor device, a base film formed by using a glass substrate, a 

silicon oxide film or a silicon oxynitride film is not etched, and an impurity such as sodium is noi · 

diffused from a substrate into a semiconductor film so that its.characteristics are not d~teriorated. 

[0032] 

I.n the bottom gate semiconductor device, the gate insulating film is not etched and its 

15 characteristics do not become unstable. 

[0033] 

Since Al is used for a part of the source electrode and drain electrode, low resistance of 

a wire can be obtained. 

20. BRIEF DESCRIPTION OF DRAWINGS 

(0034] 

25 

30 

In the accompanying drawings: 

FIGS. IA and 1 B show semiconductor devices of this invention; 

FIGS. 2A to 2D show manufacturing steps of a semiconductor device of this invention; 

FIGS. 3A to 3D show manufacturing steps of a semiconductor device of this invention; 

FIGS. 4A and 4B show manufacturing steps of a semiconductor device of this 

invention; 

FIGS. 5A to SD show manufacturing steps of a semiconductor device of this invention; 

FIGS. 6A to 6C show manufacturing steps of a semiconductor device of this invention; 

FIGS. 7 A and 7B show conventional examples; 
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FIGS. SA and 8B show· a manufacturing step of a liquid crystal display device; 

FIGS. 9A and 9B show manufacturing steps of a liquid crystal display device; 

FIGS. lOAand lOB show manufaGturing steps of a light-emitting device; 

FIGS. 11A and 11B show manufacturing steps of a light-emitting device; 

FIGS. 12A to 12F each show an equivalent circuit of a light-emitting device; 

FIG 13 shows an equivalent circuit of a light-emitting device; 

FIG. 14A illustrates a top front view of a pixel portion and FIG 14B illustrates an 

equivalent circuit of a light~emitting device; 

, FIGS. 15A to 15E each show an example of an electronic apparatus to which this. 

10 invention. is applied; and 

FIG 16 shows an example of electronic apparatuses io which this invention is applied. 

[0035] 

The embodiments of this invention will be described hereinafter referring to- the 

15 accompanying drawings.· _Note that this invention is not limited to the description below, 'and it 

is easily understood by those skilled in the art-that the embodiments and details herein_ disclosed 

can. be modified in various ways without departing from the purpose and t_he scope of the 

invention. Therefore, this invention should ·not be iµterpreted as being limited to the 

description of the embodiments to be given below. 

20. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0036] 

[Embodiment 1] 

Here, a bottom gate semiconductor device is described. 

25 [0037] 

FIG lA is a cross-sectiona] view in which one example of the embodiment of this 

invention is shown. In FIG. lA, numeral reference 1 denotes a substrate, 3 denotes a gate 

electrode, 5 denotes a gate insulating film, 10 denotes a source electrode, lOa denotes a first 

conductive film, lOb denotes a second conductive film, 11 denotes a drain electrode, lla denotes 

30 a first conductive film, llb denotes a second conductive film, and 13 denotes a semiconductor 
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film. An jnsulating film for passivation or planarization may be formed over the semiconductor 

film 13. 

[0038] 

The gate electrode 3 is formed over the substrate 1, the gate insulating film 5 is formed 

5 over the gate electrode 3, and the source electrode 10 and the drain electrode 11 are formed over 

the gate insulating film 5. The source electrode 10 is formed of a layered film having the first 

conductive film lOa and the second conductive film lOb, and the drain electrode 11 is formed of 

a layered film having the first conductive film lla and the second conductive film llb. A third 
. . . 

conductive film may be formed between the first conductive film lOa and the second conductive 

10 film lOb, or between the first conductive film lla and the second c::onductive film llb. The 

source electrode 10 and ihe drain electrode 11 may be each formed so as to overlap pa.1:ially with · 

the gate electrode' 3 through the gate insulating film 5. The semiconductor film 13 is formed 

15 

. . . ~ 

over.the source electrode 10 and the drain electrode 11 over the gate insulating film 5. 

[0039] 

Hereinafter, each structure is described. 

(1) substrate 

The following can be used for forming a substrate: a substrate formed by using a glass . 

substrate; an insulating material such as alumina; and <l plastic substrate which can resist a 

processing temperature in post-steps; ·and the like. . In the case of using a ·plastic substrate ·for. 

20 the substrate 1, the following can be used: PC (polycarbonate); PES (polyethersulfone); PET 

(polyethylene terephthalate); PEN (polyethylene naphthalate); or the like. In the case of the 

plastic substrate, an inorganic layer or an organic layer may be provided as a gas barrier layer 

over the surface. In the case where a prominence due to dust or the like which is generated on 

the substrate in the manufacturing process of the plastic substrate, the substrate may be used after 

25 polishing it with CMP or the like to make its surface planarized. An insulating film such as 

silicon oxide (SiOx), siJicon nitride (SiNx), silicon oxynitride (SiOxNy) (X> Y), and silicon 

nitride oxide (SiNxOy) (X> Y) may be formed over the substrate 1 for preventing an impurity or 

the like from diffusing from the substrate side. 

[0040] 

30 (2) gate electrode 
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A gate electrode can be formed by usi.ng an Al (aluminum) film, a W (tungsten) film, a 
.. 

Mo (molybdenum) film, a Ta (tantalum) film, a Cu (copper) film, a Ti (titanium) film, an alloy 

material containing the elements as a main component (for example, an Al alloy film, a MoW 

(molybdenum tungsten) alloy film), or the like. A semiconductor film represented by a 

5 polycrystalline silicon film doped with an impurity element such as P (phosphourus) may be 

used. The gate ·electrode 3 may be a single layer or a layered film in whi<?h two or more layers 

are stacked. 

10 

15 

[0041] . 

, (3) gate insulating film 

The gate insulating film 5 is formed by using an insulat~ng film containing silicon as a 

main component, for example, silicon oxide film, and silicon oxynitride film. .In addition, it · 

may be a single layer or a layered film. 

[0042] 

(4) source electrode and drain electrode 

The source electr~de 10 is formed with a layered film of the first conductive film lOa 

and the second conductive ·film lOb, and the drain electrode 11 is formed with a layered film of 

the first conductive film Ila and the second conductive film llb. 

[0043] 

As the first conductive film, an Al film, an Al alloy film such as an AlNi (aluminum 

20 nickel) film, and an AlNd (neodymium aluminum) film can be used. As the·second conductive 

film, ZnO (zinc oxide) to which a p-type or n-type impurity of B (boron), Al (aluminum), Ga 

(gallium), P (phosphorus), or As (arsenic) is added can be used. A metal film such as a Ti film 

may be provided as a third conductive film between the first conductive film and the second 

conductive film. 

25 [0044] 

(5) semiconductor film 

A ZnO film is used as a semiconductor film. Since the source electrode and the drain 

electrode contacted with the semiconductor film have the ZnO film to which a p-type or n-type 

impurity is added, they can be easily connected with the semiconductor film. 

30 (0045] 
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(6) insulating film 

An insulating film such as a passivation filin and a planarization film may be formed 

over the semiconductor film 13, although not shown. Silicon oxide (SiOx), silicon nitride 

(SiNx), silicon oxynitride (SiOxNy) (x>y), silicon nitride oxide (SiNxOy) (x>y), a SOG 

5 (spin-on-glass) film, or an organic resin film of acryl, or· a layered film of those can be used. 

[0046] 

In the bottom gate semiconductor device, a gate insulating film is not etched in 

· manufacturing process, and characteristics do not become unstable. Al is used for a part of the 

source electrode and the drain electrode, thereby achieving lower resistance of a wire. 

10 [0047] 

[Embodiment 2] 

Here, a top gate semiconductor device is described. 

[0048] 

FIG lB is a cross-sectional view showing one example of an embodiment of· this · 

15 invention. In FIG lB, nu,meral reference 1 denotes a substrate, 20 denotes an insulating film, 

25 denotes a source electrode, 25a denotes· a first conductive film, 25b denotes a second 

conductive film, 26 denotes a drain electrode, 26a denotes a first conductive film, 26b denotes a 

second conductive film, 27 denotes a semiconductor film, ;28 denotes a gate i~sulatingfilm, and 

29 denotes a_ gate electrode. An insulating film for passivation or planarization may be formed 

20 . over the gate electrode. 

(0049] 

The insulating film 20 is formed on the substrate 1, and the source electrode 25 and the 

drain electrode 26 are· formed over the insulating film 20. The source electrode 25 is formed 

with a layered film of the first conductive fHm 25a and the second conductive film 25b, and· the 

25 drain electrode 26 is formed with a layered film of the first conductive film 26a and the second 

conductive film 26b. A third conductive film may be formed between the first conductive film 

25a and the second conductive film 25b, or between the first conductive film 26a and the second 

conductive film 26b. The semiconductor film 27 is formed over the source electrode 25 and the 

drain electrode 26 over the insulating film 20, the gate insulating film 28 is formed over the 

30 semiconductor film 27, and the gate electrode 29 is formed over the gate insulating film 28. 
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The gate electrode 29 may be formed so as to partially overlap with the source electrode and the 

drain electrode· with the gate insulating film 28 and the semiconductor film 27 interposed 

there between. 

[0050] 

Here, each structure is described. 

[0051] 

For the substrate, the source electrode, the drain electrode, the semiconductor film, and 

· the gate eleetrode, the same ones described in Embodiment 1 can be used. 

, (l) insulating film over substrate 

An silicon oxide film or a silicon oxynitride film is formed a~ the insulating film 20 for 

preventing an impurity or the like from diffusing from the substrate side over the substrate 1. In 

addition, it may be a smgle layer or a layered film. 

[0052] 

(2) gate insulating film 

The gate insulatin$ film 28 is fonned by using ·an insulating film contai_ning silicon as a 

main component, for example, a silicon oxide film, a silicon qxynitride film, a silicon nitride 

oxide film, and a silicon nitride film. In addition, it may be a singfe layer or a layered film. 

[0053] 

(3) insulating film over gate electrode 

An interlayer insulating film such as a passivation film and a planarization film may be 
. . 

formed over the gate electrode 29, although not shown. A SiO x. film, a SiNx"film, a SiON film, 

SiNO film, an SOG (spin-on-glass) film, and an organic resin film of acrylic or a layered film of 

those can be used. 

[0054] 

In the top gate semiconductor device, the substrate or the base film formed by using a 

silicon oxide film or a silicon oxynitride film is not etched, so that an impurity such as sodium is 

not diffused into the semiconductor film from the substrate and the characteristics are not 

deteriorated. Al is used for a part of the source electrode and the drain electrode, thereby 

achieving lower resistance of a wire. 

30 [0055] 
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· [Embodiment 3] 

A manufacturing method of the bottom gate semiconductor device is described, in 

which a silicon oxide film or a sHicon oxy11itride film is formed as a gate insulating film over the 

gate electrode, an AJ film or an Al alloy film is formed as a first conductive film, and a ZnO film 

5 to which an n-type or p-type impurity is added is fonne'd as a second conductive film, and then, 

the second conductive film is etched to have an island-like shape by a first etching and the first 

conductive film is etched to have an island-like shape by a second etching to form source and 

drain electrodes, and a ZnO semiconductor film is formed. 

IO 

(0056], 

As .shown in FIG 2A, a gate electrode 3 is formed. The .thi".kness of the gate electrode 

may be 10 to 200 nm over a substrate 1. The substrate 1 may be formed by using the material 

shown' in Embodiment 1. Here, a glass substrate is used. 

[0057] 

An insulating film 2 containing silicon oxide (SiOx), silicon nitride (SiNx), silicon 

15 oxynitride (SiOxNy) (x>y)i silicon nitride oxide (SiNxOy) (x>y), or the like may be formed with 

a thickness of 10 to 200 nm by CVD or sputtering so as to prevent impurity or the like from 

diffusing from the substrate side (FIG 2B). 

[0058] 

The insulating film 2 may be· formed by processing the surface of the substrate 1 with 

20 . high density plasma. For example, the high density plasma can be · generated using a 

microwave of 2.45 GHz, and it is only required that electron density ranges from lxl011 to 

lxl013/cm3
, and electron temperature is 2 · eV or less. Such high density plasma has a low . 

kinetic energy of active species and a film with fewer defects can be formed with less damage 

caused by plasma compared to a conventional plasma treatment. 

25 [0059] 

The surface of the substrate 1 can be nitrided by the high density plasma treatment 

under a nitriding atmosphere such as an atmosphere containing nitrogen and a noble gas, an 

atmosphere containing nitrogen, hydrogen and a noble gas, and an atmosphere containing 

ammonia and a noble gas. In the case where a glass substrate is used as the substrate 1 

30 subjected to a nitriding treatment by the high density plasma, as a nitride film formed over the 
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surface of the substrate 1, the insulating film 2 containing silicon nitride as a main component 

can be formed. · The insulating film 2 may be formed by using a plurality of layers in which a 

silicon oxide film or a silicon oxynitride fil'11 is formed by plasma CVD over the nitride film. 

[0060] 

In addition, a nitride film can be formed by nitriding over the surface of the insulating 

film 2 with high density plasma similarly. 

[0061] 

The nitride film formed by nitriding with high density plasma can suppress diffusion of 

impurity from the substrate 1. 

10 [0062] 

Tne gate electrode 3 can be formed by using materials shown in Embodiment 1. Here, · 

an AlNd (aluminum neodymium) film is formed by sputteri~g using an AJNd t_arget and 

processed into ari island-like shape. A photolithography method is used for processing the film 

into an island-like shape, and dry etching or wet etching is used. 

15 [0063] 

After cleaning the·surface of the gate-electrode J and the surface of the substrate 1 or the 

insulating film 2, a gate insulating film 5 is formed with a thickness of 10 to 200 nm using a 

known CVD or sputtering over the gate electrode 3 (FIG 2A and 2B). The surface cleaning 

step and the formation step of the gate· insulating film 5 may be carried out continuously without 

20 being exposed to air. In the case where an Al film is used for the gate electrode 3, when the 

gate insulating: film 5 is formed at a high temperature, a hillock is generated in some cases. 

Thus, it is -preferable to form the film at a low temperature of 500°C or less, preferably 350 °C or 

less. 

25 

[0064] 

The gate insulating film 5 can be formed by using the material shown in Embodiment l. 

Here, a silicon oxide film is formed. Note that the insulating film 2 is omitted in the drawings 

below. 

[0065] 

A first conductive film 6 for source and drain electrodes is formed with a thickness of 

30 10 to 200 nm on the gate insulating film 5. The first conductive film 6 can be formed by using 
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the material shown in Embodiment ·1. Here, an Al Ni (aluminum nickel) film or an AlNd film is 
·;" 

used. The first conductive film 6 can be formed by sputtering using an AlNi target or an AlNd 

target. After forming the gate insulating film 5, the first conductive film 6 may be formed 

· continuously without being exposed to the air. 

5 [0066] 

A second conductive film 7 is formed with a thickness of 10 to 200 nm on the first 

conductive film 6 (FIG 2C). The second conductive film 7 can be formed by using the material 

· shown irt Embodiment 1. Here, ZnO (zinc oxide) to which an impurity such as Al or Ga is 

added is used. Consequently, an ohmic contact can be easily created between the secorid. 

10 conducthre film 7 and a ZnO film which is formed as a seniicon~uctqr layer later. The second 

conductive film 7 can be formed by sputtering. For example, the foilowing methods can be 

used for adding Al, or Ga: sputtering using a ZnO target to whkh 1 to 10 weight % of A-J or Ga is 

added; or sputtering in which an Al or Ga chip is mounted on·. a ZnO target at 200 to 300°C. 

15 

20 

[0067] 
' 

After forming the ,first conductive film 6, the second conductive film 7 may be formed 

continuously without being exposed to the air. _Therefor~, formation from the gate insulating 

film 5 to the second conductive film 7 may be continuously carried· out without being exposed to 

air. 

[0068] 

A third conductive.film 8 may be formed with a thickness of 10 to 200 nm between the 

first conductive film 6 and the second conductive film 7 (FIG 2D) .. A contact resistance is 
' . 

occasionally increased between the first conductive film 6 and the second conductive film 7 

depending on a heat treatment temperature in a manufacturing process. However, the contact 

resistance can be reduced between the first· conductive film 6 and the second conductive film 7 

25 by forming the third conductive film 8. The third conductive film 8 can be formed by using a 

metal film such as a Ti film which is formed by sputtering or the like. 

[0069] 

A resist mask 9 is formed over the second conductive film 7, and the second conductive 

film 7 is etched (FIGS. 3A and 3B). In the case of using wet etching, buffered fluoric acid (in 

30 which HF (hydrofluoric acid) and Nf4F (ammonium fluoride) are mixed), for example, solution 
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with a ratio of HF:NI4F (weight ratio)=l: 100 to 1: 10 is used. 

[0070] 

In the case of using dry etching, anisotropic plasma etching using Cf4 gas can be used. 

[0071] 

Under the second conductive film 7, the first Conductive film 6 is formed. Thus, the 

first conductive film 6 serves as an etching ·stopper when the second conductive film 7 is etched. 

Consequently, source and drain electrodes can be formed without damaging the gate insulating 

film 5 in etching. 

[0072] , 

10 A part of the first conductive film 6 may be etched when the second conductive film 7 is 

etched. However, attention is required to be paid so as not to totally etch the first conductive 

film 6 because the gate insulating film is damaged if the first conductive film 6 is totally etched. 

[0073] 

Next, a source eJectrode 10 and a drain electrode 11 are formed by etching the first 

15 conductive film 6 using th~ resist mask 9 (FIG. 3C). In this invention, the first conductive film 

6 is etched using an organic alkaline solution_ represented by TMAH (teµ-amethylammonium 

hydroxide), which is a developer for a photoresist. 

[0074} 

In the case of using an AlNi film for the first conductive film 6 and' TMAH fo~ etching 

20 . solution, the etching ratio_ is.approximately 300 nm/min at 30°C. On the other hand, the second 

conductive film 7 or the gate ins.ulating film 5 to which the above-mentioned material is used is 

not etched with TMAH. Consequently, the source electrode 10 and the drain electrode 11 can 

be formed without damaging the gate insulating film 5. Further, the island-like shaped second 

conductive films lOb and llb are not reduced in size. In this invention, the first condl!ctive 

25 film 6 can be etched using a developer which is used when a resist mask is formed without using 

a special etching solution. Consequently, cost is reduced and efficiency is increased. 

[0075] 

The resist mask 9 is removed after forming the source electrode 10 and the drain 

electrode 11. 

30 [0076] 
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A ZnO film ·is formed as a semiconductor film 12 with a thickness of 20 to 200 nm by 

sputtering over the source electrode 10, the drain electrode 11, and the gate insuJating film 5 (FIG. 

3D). For example, the film can be fonned by sputtering using a ZnO target with a flow ratio of 

oxygen/argon ranging from 30 to 20, at 200 to 300°C. 

5 [0077] 

10 

The semiconductor film 12 is etched by a photolithography method to form an 

island-like shaped semiconductor film 13 (FIG 4A). A wet etching method using a buffered 

fluoric acid or anisotropic dry etching method using Cfu gas can be used. 

[0078], 

Zno is commonly used in the semiconductor film 12 an~ the second conductive films 

lOb and llb, and it is difficuit to obtain a sufficient etching selectivity. However, since the 

second conductive.film 7 is required to be fonned in a portio~ in contact with the semi,conductor 

film 12, the second conductive film 7 may be etched in: a portion out of contact with the 

semicondµctor film 12, for example, a wire portion. Ill the above-mentioned etching .method, 

15 the second conductiv~ fil~s lOb and llb may be etched, but the first conductive films lOa and 

lla are not etched. Consequently, the first conductive films lOa and lla serve as wires, and the 

electrical connection with the semiconductor device is ensured. • 

[0079] 

An insulating film 14 is formed with a thickness of 50 nm to 1 µmover a semiconductor 

20 film 13 by CVD or sputtering (FIG. 4B). An insulating film containing silicon as a main 

component can be formed as the insulating film 14. An organic resin film or the like may be 

stacked over the insulating film containing silicon. The insulating film 14 functions as a . 

planarization film or a passivation film. Since Al is included ·in the source electrode 10 and the 

drain electrode 11, a hillock is occasionally generated when the insulating film 14 is formed at 

25 high temperature. Thus, it is preferably formed at low temperature, 500°C or less, preferably 

350°C or less. 

[0080] 

Contact holes are formed in the insulating film 14, and conductive films in contact with 

the gate electrode 3, the source electrode 10, and the drain electrode 11 are provided if necessary. 

30 [0081] 
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According to this invention, a semiconductor device can be formed without damaging 

the gate insulating film. An Al alloy film such as an AlNi film is used as the first conductive 

film, thereby achieving lower resistance of the wire. 

[0082] 

5 [Embodiment 4] 

Here, a manufacturing method of a top gate semiconductor device is described~ in which 

an Al film or an Al alloy film is formed as a first conductive film on a silicon oxide film or a 

silicon oxynitride film, an<;l a ZnO film to which an n-type or p-type impurity is added is.formed 
i 

. as a second conductive film, and then, the second conductive film is formed to have an. 

10 island-like shape by a ·first etching, the first conductive film is .formed _to have an island-like 

shape by· a second etching to form source and drain electrodes, a ZnO semiconductor film is -

formed, a gate in~ulating film is formed, and a gate electrode ~s formed. Note that it i_s needless 

to say that materials and methods for manufacture described' in Embodiments 1 to 3 can be 

applied to those used for the present embodiment. . 

15 {0083] 

20· 

As shown in FIG SA, a silicon oxide·(SiOx) film is formed as an insulating film 20 over 

a substrate 1 with a thickness of 10 to 200 nm by CVD or spµttedng. The insulating film 20 

prevents impurity or the like from diffusing from the substrate 1 side. 

[0084] 

A first conductive film 21 for the source and drain electrodes is formed with a thickness 

of 10 to 200 nm by sputtering or evaporation over the insulating film 20. An·AJ alloy film such 

as AINi (aluminum nickel) film which is shown in Embodiment 1 can be used as the first. 

conductive film 21. ·After forming the insulating film 20, the first conductive film 21 may be · 

formed continuous I y without being exposed to the air. 

25 [0085] 

A second conductive film 22 is formed with a thickness of 10 to 200 nm by sputtering 

on the first conductive film 21 (FIG SA). As the second conductive film 22, ZnO (zinc oxide) 

to which a p-type or n-type impurity such as B (boron), Al (aluminum), Ga (gallium), P 

(phosphourus), or As (arsenic) is added can be used. After forming the first conductive film 21, 

30 the second conductive film 22 may be formed continuously without being exposed to the air. 
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Therefore, the steps of forming the insulating film 20 to the second conductive film 22 may be 

carried out continuously without being exposed to the air. 

[0086] 

A metal film such as a TI film may be formed as a third conductive film 23 with a 

5 thickness of 10 to 200 nm by sputtering between the first conductive film 21 and the second 

conductive film 22 in order to reduce the contact resistance between the first conductive film 21 

and the second conductive film 22 (FIG SB) . 

. [0087] . 

, A resist mask 24 is formed over the second conductive film 22, and the second 

10 conductive film 22 is etched (FIG. SC). Wet etching using buffered Huoric acid or dry etching 

using CI-14 gas can be used as an etching method. 

[0088] 

The first conductive film 21 is formed under the second conductive film ·22. Therefore, 

the first conductive film 21 serves as an etching stopper when the second conductive film 22 is 

15 etched. Thus, the source and drain electrodes can be formed without exposing the substrate 1 
' 

by etching the insulating film 20. 

[0089} 

When the second conductive film 22 is etched, a part of the first conductive film 21 may 

be etched. Note that if all of the first conductive film 21 is etched, the insulating film 20 is 

20 · etched and the substrate 1 is exposed, which would cause diffusion of impurity included in the 

substrate 1. 

[0090] 

The first conductive film 21 is etched to fonn the source electrode 25 and the drain 

electrode 26 (FIG. 5D). Wet etching using a developer for a photoresist, TMAH is used as an 

25 etching method. Thus, the source electrode 25 and the drain electrode 26 can be fonned 

without etching the insulating film 20 .. Further, the sizes of the island~like shaped second 

conductive films 25b and 26b are not reduced because the ZnO film is not etched by TMAH. 

Etching can be performed with a developer which is used in formation of a resist mask without a 

special etching solution for the first conductive film 21, which leads to cost reduction and 

30 improvement in efficiency. 

178



5 

WO 2007/058329 PCT I JP2006/32304 2 

19 

[0091) 

After forming the source electrode 25 and the drain electrode 26, the resist mask 24 is 

removed. 

[0092] 

A ZnO · film is formed with a thickness of 20 to 200 nm by sputtering as the 

semiconductor film 27 over the source electrode 25, the drain electrode 26, and the insulating 

film 20 (FIG 6A). 

[0093] 

The semiconductor film 27 is etched by a photolithography ·method to make an. 

10 island-like shaped semiconductor film 27. Wet etching using buffered fluoric acid or dry 

etching using CI-Li gas can be used as an etching method. 

[0094] 

ZnO is commonly used for the semiconductor film. 27 and the second conductive films 

25b and .26b, and it is difficult to obtain a high etching selectivity. However, the second 

l5 conductive film may be e~ched in the portion out of contact with the semiconductor film 27, 

specially the wire portion, ·because the second conductive film .22 may be formed in the source 

and drain electrode portions, which is the same as Embodiment.3. 

[0095] 

A gate insulating film 28 is· formed with a thickness of 10· to 200 nm by CVD or 

20. sputtering over the semiconductor film 27 (FIG 6B). The semiconductor film 27 may be 

subjected to a ~gh density plasma treatn:ient shown in the above-mentioned Embodiment to form 

a gate insulating film. The surface of the semiconductor film 27 can be nitrided by the high 

density plasma treatment under a nitriding atmosphere such as an atmosphere containing 

nitrogen and a noble gas; an atmosphere containing nitrogen, hydrogen, and a noble gas; and an 

25 atmosphere containing ammonia and a noble gas. 

[0096] 

The gate insulating film 28 may be formed by using an insulating film containing 

silicon as a main component, for example, a silicon oxide film, a silicon oxynitride film, a silicon 

nitride film, and a silicon nitride oxide film. In addition, it may be a single layer or a layered 

30 film. 
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[0097] 

A gate· electrode 29 is formed over the gate insulating film 28 (FIG. 6B). The gate 

electrode 29 can be formed by using the material shown in the above-mentioned embodiment, 

and may be a single layer or a layered film including two or more layers. A known CVD 

5 sputtering, evaporation, or the like can be employed· as a method for film formation. Dry 

etching or wet ·etching method can be used for processing the gate electrode 29 into an 

island-like shape with a photolithography method. 

[0098] 

, An insulating film 30 is formed with a thickness of 50 nm to 1 µm by CVD or 

10 sputtering over the gate electrode 29 and the gate insulating film. 28 (FIG 6C). The insulating 

film 30 can be formed by using an insulating film containing silicon. An organic resin film or · 

the like may be stacked over the insulating film containing sHicon. The insulatini film 30 

functions as a planarization film or a passivation film. Since Al is included in the source 

electrode_ 25 and the drain electrode 26, a hillock is· occasionally generated when .the ·gate 

15 insulating film 28, the g~te electrode 29, and the insulating film 30 are formed at a high 

temperature. Thus, they· are preferably formed at a low temperature, at 500°C or less, 

preferably 350°C or less. 

{0099J 

As described above, this invention can prevent an impurity from 'diffusing due to an 

20 exposure of the ·substrate . 1. An Al alloy film such as an AINi film is used as the first 

conductive film, thereby achievfog lowe~ resistance of a wire. 

[0100] 

[Embodiment 5) 

Here, a description is made of a m~thod of manufacturing a liquid crystal display device 

25 using a bottom gate semiconductor device which is shown in Embodiments 1 and 3 referring to 

FIGS. SA and SB and 9A and 9B. Note that it is needless to say that the top gate semiconductor 

device which is shown in Embodiments 2 and 4 can be applied. FIGS. 8A and 9A show 

cross-sectional views taken along line X-Y in FIG 8B. 

[0101] 

30 A gate wire 40 and an auxiliary capacitor wire 41 are formed over a glass substrate or a 
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plastic substrate 1. An AlNd film is formed by sputtering, and then, formed by known 

photolithography method and etching. 

{0102] 

A gate insulating film 42 formed by using a silicon oxide film or a sil~con oxynitride 

5 film is formed by CVD or sputtering. 

{0103] 

An AlNi film is formed as a first conductive film by sputtering over the gate insulating 

film 42. · The first conductive film forms a source electrode "45a, a drain electrode 46a and a 

source wire 47 later. 

10 [0104] 

A ZnO (zinc oxide) film to which Al is added is formed as a second conductive film by 

sputtering over the, first conductive film. The second conductive film forms a source _eledrode 

45b, a drain electrode 46b, and a source wire 47 later. 

[0105] 

15 A resist mask is f?rmed in a region which is to be a source electrode portion, a drain 

20 . 

electrode portion, and a source wire portion, over the second conductive film (not shown in the 

figure). Then, the second conductive film is etched. Here, etching is performed using 

buffered fluoric acid and a solution of HF:NRiF=l:lOO (weight ratio). 

[0106] 

Next, the first conductive film is etched using TMAH solution to form the source 

electrode 45a, the drain electrode 46a, and the source wire 47. After that, the resist mask is 

removed. -Then, the source electrode 45, the drain electrode 46, and the source wire 47 can be 

formed without damaging the gate insulating film 42. In addition, since the ZnO film is not 

etched by TMAH, the size of the island-Ilke shaped second conductive film is not reduced. 

25 Further, since an AlNi film is used for the first conductive film, the resistance of the source wire 

can be reduced. 

[0107] 

Next, a semiconductor film 48 is formed. A ZnO film is formed by sputtering, and 

then, the semiconductor film 48 is formed from the ZnO film by a photolithography method and 

30 etching. Wet etching using buffered fluoric acid is used as etching. The portion of the second 
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conductive film out of contact with the semiconductor film 48 may be partially removed here, 

because the first conductive film is formed in a portion to be a wire. 

[0108] 

An insulating film 49 is formed by CVD, sputtering, coating, or the like over the . 

5 semiconductor film 48. The insulating film 49 can be formed by using a layered film having an 

insulating film containing silicon, an organic resin film, or the like. The insulating film 49 may 

be a film which makes the unevenness of the surface planarized. 

[0109] . 

, A contact hole leading to the. drain electrode 46 and a contact hole for the auxiliary 

10 capacitor are formed in the insulating film 49 using a photolithography method and an etching 

method.· 

[0110] 
I 

A transparent conductive film is formed by sputtering; and then, a pixet electrode 50 is 

formed using a photolithography method and etching. For example, ITO (Indium Tin Oxide), 

15 ITSO (Indium Tin Oxide ~ntaining silicon oxide), or IZO (Indium Zinc Oxide) may be used. 

[0111] 

In the case of a reflective liquid crystal display device, a light reflective metal material 

such as Ag (silver), Au (gold), Cu (copper), W (tungsten),_ or Al (aluminum) is formed instead of 

a transparent electrode. 

20 [0112] 

25 

The portion where the pixel electrode 50 and the auxiliary capacitor wire 41 are 

overlapped forms an auxiliary capacitor 100 which is formed of the pixel electrode 50, the gate 

insulating film 42, and the auxiliary capacitor wire 41 (FIGS. SA and SB). 

[0113] 

A corner of a bent portion or a portion where width changes may be smoothed and 

rounded in a wire and an electrode. A shape of a chamfered corner can be realized by using a 

photomask pattern manufactured using a pattern of photomask. This will have advantages 

described below. When dry etching using plasma is performed, generation of fine particles due 

to abnormal discharge can be suppressed by chamfering a projecting portion. Even though the 

30 fine particles are generated, the fine particles can be prevented from accumulating at the comer 
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at the time of cleaning, and the fine particles can be washed away by chamfering a concave 

portion. Thus", a problem of fine particles or dust In the manufacturing process can be solved 

and the yield can be improved. 

[0114] 

Ari alignment film 51 is formed so as to cover the pixel electrode 50. The alignmerit 

film is formed by a droplet discharge method, printing, or the like. After forming the alignment 

fiim, rubbing is conducted. 

[0115] 

, A color filter 55 is formed by using a colored layer and a light-shielding layer (blacl<: 

JO matrix),. and a protective insulating film 54 is formed on an ~pposing substrate 56. A 

transparent electrode 57 is formed, and an alignment film 53 is fonned on .the protective· 

insulating film 54 (FIG. 9A). The alignment film is subjected to. a rubbing process. 

[0116] 

Next, a closed pattern 75 of a sealant is formed by a droplet discharge method (Flfr9B). 

15 A region surrounded by th~ sealant is filled with liquid crystal composition 52 (FIG 9A). 

[0117] 

After dropping the liquid crystal composition 52 in the closed pattern. 75, the opposing 

substrate 56 and a substrate 1 in which a semieonductor .device is formed are attached to each 

other. When the liquid crystal composition 52 is filled, thefollowing 'alternative may be 

20. adopted: a seal pattern having an opening portion is provided on the substrate 1; the opposing 

substrate 56 and the substrate 1 are attached to each other; then, liquid crystal is injected using 

capillary action. 

[0118] 

As an alignment mode of the liquid crystal composition 52, TN mode in which the 

25 alignment of.liquid crystal molecules is twisted at 90° from the side of light incidence to the side 

of light emission, FLC mode, IPS mode, or the like can be used. Note that an electrode pattern 

is different from one shown in FIG 8B and is a comb-like shape in the case of the JPS mode. 

[0119] 

Polarizing plates are attached to both of the opposing substrate 56 and the substrate 1 on 

30 which the semiconductor device is formed. · In addition, an optical film can be attached if 

183



WO 2007/058329 PCT I JP2006/32304 2 

24 

required. 

[0120] 

The distance between the opposing substrate 56 and the substrate 1 on which the 

semiconductor device is formed may be kept by dispersing spherical spacers or forming a 

5 columnar spacer· formed of a resin, or by mixing fillers. in the sealant. The aforementioned 

columnar spacer is formed of an organic resin material containing at least one of ·acrylic, 

polyimide, polyimide amide, or epoxy as a main component, or an inorganic material having one 

of silicon oxide, silicon nitride and silicon oxide containing nitrogen, or a layered film thereof. 

10 

[0121], 

Then, an FPC (Flexible Printed Circuit) is attached to the the substrate 1 with an 

anisotropic conductive layer interposed therebetween using a known technique. 

[0122] 

A peripheral driver circuit may be formed over the substrate. A plane exemplary 

diagram is. shown in FIG 9B. 

15 [0123] 

A gate wire driver circuit 62, a sou~ce wire driver circuit 63, and an active matrix 

portion 64 are formed over a substrate 61 formed of glass or the Like. The gate wire driver 

circuit 62 is constituted from at Least a shift register 623: and a buffer 62b... The source wire 

driyer circuit 63 is constituted from at least a shift register 63a, a buffer· 63b, and an analog 

20· . switch 69 which samples video signals transmitted via video lines 68. A plurality of gate wires 

72 extended from the gate wire driver circuit 62 is arranged in parallel with each other in the 

active matrix portion 64. A plurality of source wires 71 extended from the source wire driver 

circuit 63 is arranged orthogonally to the gate wires 72. In addition, an auxiliary capacitor wire 

73 is arranged in parallel with the gate wires 72. In addition, a semiconductor device 65, a 

25 liquid crystal portion 66, and an auxiliary capacitor 67 are provided in a region surrounded by 

the gate wire 72, the source wires 71, and the auxiliary capacitor wire 73. 

[0124] 

The gate wire driver circuit 62, the source wire driver circuit 63, and the analog switch 

69 are provided with a semiconductor device manufactured by the same manufacturing method 

30 as the semiconductor device 65 to have a similar structure. 
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{0125] 

In the semiconductor device 65, a gate electrode is connected to the gate wire 72, and 

the source electrode is connected to the source wire 71. A liquid crystal portion 66 is formed by 

introducing a liquid crystal to be sealed between a pixel electrode connected to the drain 

5 electrode of the semiconductor device 65 and an opposing electrode over the opposing substrate. 

The auxiliary capacitor wire 73 is connected to an electrode having the same potential as the 

opposing electrode. 

[0126] 

In the aforementioned liquid crystal display device, the gate insulating film is not·etched 

10 and the characteristics do not become unstable, and thus, high reliability is realized. In the case 

of using a top gate semiconductor device~ a glass substraie or a base film formed by using, a 

silicon oxide film or a silicon oxynitride film is not etched, so .that impurity such as sod_ium is not 
' 

diffused into a semiconductor film from the substrate and the characteristics are not deteriorated, 

and thus, high reliability can be realized. 

15 [0127] 

20 

25 

30 

Al is used for a part of the source electrode and the drain electrode, thereby achieving 

lower resistance of a wire. 

[0128] 

[Embodiment 6] 

Here, a description is made of a method for manufacturing a light-emitting device with. 

using the botto.m gate semiconductor device shown in Embodiments 1 and 3 'referring to FIGS. 

lOAand IOB and llA and UB. Note that it is needless to say that the semiconductor device of 

Embodiments 2 and 4 can be applied. 

[0129] 

The semiconductor device is manufactured based on the description of the 

aforementioned embodiment, and formation to the stage shown in FIG lOA is carried out. Note 

that the same parts as those of the above embodiments are denoted by the same reference 

numerals. 

[0130] 

In the EL display device, the pixel electrode 50 functions as an anode or a cathode. As 

185



WO 2007/058329 PCT I JP2006/32304 2 

26 

the material for the pixel electrode 50, the following can be employed: a conductive metal such 

as aluminum (Al), silver (Ag), gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium 

(Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), lithium (Ll), 

caesium (Cs), magnesium_(Mg), calcium (Ca), strontium (Sr), or titanium (TI); an alloy such as 

5 aluminum-silicori (Al-Si), aluminum-titanium (Al-Ti), 'or aluminum-silicon-copper (Al-Si-Cu)~ 

nitride of a metal material such as titanium nitride (TiN); a metal compound such as ITO, ITO 

containing silicon, or IZO . 

. [0131] . 

. An electrode from which light emitted from an EL laye.i: is extracted is only required to_ 

10 be formed by using a light-transmitting conductive film, and a very thin film of metal such as Al 

or Ag may be used as wel1 as a metal compound such as ITO, ITO containing silicon, or IZO. 

[0132J 

When light-emission is extracted from an electrode which is opposed to the pixel 

electrode 50, a highly reflective material (Al, Ag, or the like) can be used for the pixel electrode 

15 50. In this embodiment,, ITSO, which means ITO eontaining silicon, is used as the. pixel 

electrode 50 (FIG lOA). 

[01.33] 

Next, an insulating film formed by using an orga11ic material or an inorganic material is . . 

formed so as to cover the insulating film 49 and the pixel electrode 50. Then, the insulating. 

20 · film is processed 'to expose the pixel electrode 50 partially, thereby forming ·partition walls 81. 

As the ma~erial of the partition walls 81, a photosensitive organic material (such as acrylic or 

polyimide) is preferable. Alternatively, a non-photosensitive organic material or inorganic 

material may·aJso be used. Further, the partition walls 81 may be used as a black matrix by 

coloring the partition walls 81 black in such a way that a black pigment or dye such as titanium 

25 black or carbon nitride is dispersed into the material of the partition wall 81 with the use of a 

dispersant. It is desirable that the partitions wall 81 have a tapered shape and those end 

surfaces 81a toward the pixel electrode have cmvatures changing continuously (FIG. lOB). 

[0134J 

Next, a layer 82 including a light-emitting substance is formed, and an opposing 

30 electrode 83 which covers the layer 82 including a light-emitting substance is fonned. Then, a 
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light-emitting element with the layer 82 including a light-emitting substance interposed between 

the pixel electrbde 50 and the opposing electrode 83 can be manufactured, and light-emission 

can be obtained by applying a voltage between the opposing electrode 83 and the pixel electrode 

50. 

5 [0135] 

10 

As an electrode material used for forming the opposing electrode 83, a material similar 

to one which can be used for the pixel electrode can be used. In this embodiment, aluminum is 

used for ·a second electrode. 

[0136]' 

The layer 82 including a light-emitting substance is forme·d ~y evaporation, ink-jet, spin 

coating, dip coating, roll-to-roll method, sputtering, or the like. 

[0137] 

In the case of an organic electroluminescent dispfay device, the layer 82 including a 

light-emitting substance may be a layered film of layers having functions of hole transportation, 

15 hole injection, electron transportation, electron injection, or light-emission, respectively, or a 
. ' . 

single layer of a light-emitting layer. As a layer including a light-emitting substance, a single 
. . 

layer or a layered film of an organic compound may be used. 

[0138] 

A hole injecting layer is provided between an anode and a hole transporting layer. As. 

20 · the hole injecting layer, a mixed layer of an organic compound and a metal oxide can be used. 

This prevents short circuit between the pixel electrode 50 and the opposing electrode 83 due to 

unevenness which is formed on the surface of the pixel electrode 50 or a foreign substance which 

is left on the surface of the electrode. The thickness of the mixed layer is preferably 60 nm or 

more, more preferably 120 nm or more. ·since increase in thickness of a film does not cause 

25 increase in driving voltage, the thickness of the film can be selected such that the influence of the 

unevenness or foreign substance can be covered sufficiently. Thus, a dark spot is not generated, 

and driving voltage or power consumption is not increased in the light-emitting device 

manufactured by this invention. 

[0139] 

30 An oxide or a nitride of transition metal is preferable as a metal oxide, concretely, 
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zirconium oxide, hafnium oxide, vanadium oxide, niobium oxide, tantalum oxide, chromium 

oxide, molybdenum oxide, tungsten oxide, titanium oxide, manganese oxide, and rhenium oxide. 

[0140] 

As an organic compound, the following can be employed: an organic ma.terial having an 

5 arylamino group such as 4,4'-bis[N-(l-napthyl)-N-phenylamino]biphenyl (NPB); 

4,4' -bis[N-(3-methylphenyl]-N-phenylamino ]biphenyl · (TPD), 

4,4' ,4" -tris(N ,N-diphenylamino )trip hen ylamin·e 

4,4' ,4' '-tiis(N-(3-methylphenyl)-N-phen ylamino ]triphenylan:iine 

4,4' -bis{N-[ 4-(N,N-di-m-tolylamino )phenyl]-N-phenylamino }bi phenyl 

(TDATA), 

(MTDATA), 

(DNTPD),_ 

10 1,3,5-tris[N,N-di(m~tolyl)amino] benzene (m-MTDAB), and . 4,4',4"-tris(N-carbazolyl) 

triphenyiamine (TCTA); phthalocyanine (H2Pc); copper phthalocyanine (CuPc); vanadyl 

phthalocyanine (VOPc); or the like. 

[0141] 

The hole transporting layer is provided between. the anode and a light-emitting layer, or 

15 between the hole injectin& layer and the light-emitting layer when the hole injecting layer is 

provided. The hole transporting layer is formed by using a layer which has an excellent 

property of transporting a hoJe, for example, a layer formed by using a compound of aromatic 

amine (that is, having a benzene ring-nitrogen bond) such ~s NPB, TPD, TDATA, MTDATA, and 

BSPB. The substances mentioned here have the hoie mobility of 1 x 10--0 to 10 cm2Ns mai~ly. 

20 · Note that a substance having higher transporting property of holes than electrons may be used as 

well as the materials. Note that the hole transporting layer may be .formed by not only a single 

layer but· also a layered film· in which two or more layers formed from the above mentioned 

substances are stacked. 

25 

[0142] 

The light-emitting layer is provided between the anode and the cathode, or between the 

hole transporting layer and the electron transporting layer when the hole transporting layer and 

the electron transporting layer are provided. There is no particular limitation on the 

light-emitting layer; however, a layer serving as the light-emitting layer has two modes roughly. 

One is a host-guest type layer which includes a dispersed light-emitting substance in a layer 

30 formed of a material (host material) having a larger energy gap than an energy gap of a 
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light-emitting substance (dopant material) which becomes a luminescent center, while the other 

is a layer in which a light-emitting layer is made of a light-emitting substance only. The former 

is preferable, because concentration quenching hardly occurs. As the light-emitting substance 

to be a luminescent center, the following can be employed: 

5 4-dicyanometh ylene-2-methyl-6-(1, 1, 7, 7-tetramethyljuiolidyl-9-en yl)-4H-pyran (DCJT); 

4-dicyanometh ylene-2-t-butyl-6-(1, 1, 7, 7-tetramethyljulolidine-9-en y1)-4H-pyran; periflanthene; 

2,5-dicyano-1, 4-bis( 10-methox y-1, 1, 7, 7-tetrameth yljulolidine-9-en yl)benzene; 

(DMQd); coumarin 6; coumarin 545T;· tris N,N' -diinethylquinacridone 

(8-quinolinolato)aluminum 9,9' -bianthryl; 9, 10-diphen y lanthracene (DPA); 

10 9,10-bis(2-naphthyl)anthracene (DNA); 2,5,8,11-tetra-t-butylperylen~ (TBP); PtOEP; Ir(ppy)J; 

Btp2Ir(aeac); Flrpic; or the like. As the base material to be a host material jn the case of· 
. ' 

fonniitg the layer in which the light-emitting substance is diffuseµ, the following can 1:>,e used: an 
j 

anthracene derivative such as 9,10-di(2-naphtyl)-2-tert-butylanthracene (t-BuDNA); a carbazole 

derivative such as 4,4' -bis(N-carbazolyl)biphenyl (CBP); or. a metal complex such as 

15 tris(8-quinolinolato)alumi~um (Alq3),. tris(4-methyl-8-quinolinolato)aluminum (Almq3); 

bis(lO-hydroxybenzo[h ]-quinolinato )beryllium 

b is(2-meth y 1-8-quinolinolato )-4-phen ylphenolato-aluminum 

(BeBq2); 

(BAlq);· · 

bis[2-(2-hydroxyphen yl)pyridinato ]zinc (Znpp2); or bis[2~(2-hydroxyphenyl)benzoxazolate ]zinc . ' ' 

(ZnBOX). As the material which can constitute the light-emitting 'layer only with a 

20 light-emitting substance, tris(8-quinolinolato)aluminum .(Alq3), 9,10-bis(2~naphtyl)anthracene. 

(DNA), bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (BAlq), or the like can be 

used. 

[0143] 

An electron transporting layer is provided between the light-emitting layer and the 

25 cathode, or between the light-emitting layer and an electron injecting layer when the electron 

injecting layer is provided. The electron transporting layer is a layer having an excellent 

electron transporting property, and for example, a layer formed using a metal complex having a 

quinoline skeleton or a benzoquinoline skeleton such as tris(8-quinolinolato)aluminum (Alq3), 

tris( 5-methyl-8-quinolinolato )aluminum (Almq3), bis(lO-hydroxybenzo[h ]-quinolinato )beryllium 

30 (BeBq2), and bis(2-methyl-8-quinolinolato )-4-phenylphenolato-aluminum (BAlq). In addition, 
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a metal complex having an oxazole ligand or a thiazole ligand such as 

bis[2-(2-hydroxyphenyl)-benzoxazolato]zinc (Zn(BOX)2), 

bis[2-(2-hydroxyphenyl)-benzothiazolato]zinc (Zn(BTZ)2), or the like can be used. In addition 

to the metal complexes, 2-(4-biphenylyl)-5-( 4-tert-butylphenyl)-1,3,4-oxadiazole (PBD); 

5 1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]ben'zene 

3-( 4-tert-butylphen yl)-4-phenyl-5-( 4-biphenylyl)-1,2,4-triazole 

3-(4-tert-butylphenyl)-4-( 4-ethylphenyl)-5-( 4-biphenylyl)-1,2,4-triazole 

(OXD-7); 

(TAZ); 

(p-EtTAZ); 

· bathophenailthroline (BPhen); bathocuproine (BCP); or the like can be used. These substances 

mentioned here mainly. have the ~lect;on mobility of 1 x lff6 to 10 cm2Ns. Note that other. 

10 substance may be used for the electron transporting layer so long ~s it has a higher electron 

transporting property than a hole transporting property. Further, the electron transporting layer 

may be formed by not only a single layer but also. a layered· film in which two or m?re layers 

made from the above mentioned substances are stacked. 

[0144] 

15 The electron inj~cting layer is provided between the cathode and the electron 

transporting layer. As the· electron injecting layer, a compound of alkali metal or alkaline earth 

metal such as lithium fluoride (LiF), cesium fluoride (CsF), or calcium fluoride (CaF2) can be 

employed. In addition to that, a layer formed by using an .. electron transporting substance which 

contains alk.ali metal or alkaline earth' metal, for example; Alq3 containing magnesium (Mg) or 

20 - the like can be used. 

[0145] 

In- the case of an inorganic electroluminescent display device, one in which a fluorescent 

substance particles are diffused in dispersing agent for the layer 82 including a light-emitting 

substance can be used. 

25 (0146] 

A fluorescent substance in which a donor impurity such as Cl (chlorine), I (iodine), or 

Al (aluminum) is added with Cu (copper) in ZnS can be used. 

[0147] 

As the dispersing agent, the following can be employed: a polymer having a relatively 

30 high dielectric constant such as cyanoethyl cellulose based resin, polyethylene based resin, 
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polypropylene based resin, polystyrene based resin, silicone resin, epoxy resin, vinylidene 

fluoride resin, or the like. The dielectric constant· can be adjusted by mixing the resin and 

minute particles having high dielectric constant such as BaTi03 (barium titanate) or SrTi03 

(strontium titanate). As a diffusing means, an ultrasonic diffusing machine or_ the like can be 

5 used. 

[0148] 

A dielectric layer may be provided· between the layer 82 including a light-emitting 

, substance and one of the electrodes. For the dielectric layer, a highly dielectric and insulating 

. material which has a high dielectric breakdown voltage is employed. One is selected from a. 

10 metal oxide or nitride, for example, TI02, BaTi03, SrTiOj, PbT}03, KNb03, PbNb03, Ta203, 

BaTa206; LiTa03, Y 203, AhOJ, Zr02, AlON, ZnS, or the like. T'nose may be disposed as a 

uniforin film or a film having a particle structure. 

[0149] 

in the case of an inorganic electroluminescent display device, a double-insulating 

15 structure in which a lig1!-t-emitting layer is interposed .between insulating. layers may be 

employed. · The light-emitting layer can be formed by- using a II-VI compound such as Mn 

(manganese) or ZnO (zinc sulfide) containing a rare earth element, and the insulating layer can 

be formed by using oxide or nitride such as Si)N4, Si02, Alz03, or Ti02. 

20 

[0150] 

A silicon oxide film containing nitrogen is formed as a passivation film over the 

opposing electrode 83 by plasma CVD (not shown). In the case of using a silicon oxide film 

containing -nitrogen, the following can be used: a silicon oxynitride film formed by using SiH.i, . 

N20, and NH3 by plasma CVD; a silicon oxynitride film formed by using SiILi, and N20; or a 

silicon oxynitride film formed by using a gas in which SiILi and N20 is diluted with Ar. 

25 (0151] 

A silicon oxide nitride hydride film manufactured from SiH.i, N20, and H2 may be 

employed as a passivation film. Note that a passivation film is not limited to the 

aforementioned substance. Another insulating film containing silicon as a main component can 

be also used. In addition, a layered film structure may be employed as well as a single layer 

30 structure. Further, a multilayer film of a carbon nitride film and a silicon nitride film or a 
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multilayer film of a styrene polymer can be used. A silicon nitride film or a diamond-like 

carbon film may be formed. 

[0152] 

Then, a display portion is sealed to protect a light-emitting element from_a material such 

5 as water which promotes deterioration. In the case of' using an opposing substrate for sealing; 

the opposing substrate is attached by using an insulating sealant so as to expose an external 

connection portion. A space between the opposing substrate and an element substrate inay be 

· filled with an inert gas such as dry nitrogen, or the opposing substrate may be attached by 

applying a sealant to the pixel portion entirely. It is preferable to use an ultraviolet curing resin. 

10 or the like as the sealant. A drying agent or particles for keeping .the gap between the substrates 

constant may be mixed in the sealant. Then, the light-emitting device is completed by attaching 

a flexible wire board to the external connection portion. 

[0153] 

One example of a structure of the light-emitting device manufactured as described 

15 above is shown referring t<:> FIGS. llA and 118. Note that portions having the same functions 

are sometimes denoted by the same reference· numerals even though they have different shapes, 

and the explanations are occasionally omitted. 

[0154] 

FIG. llA shows a structure in which the pixel electrode 50 is formed using a light 

20 · _transmitting conductive film, and light generated in the layer 82 including a light-emitting 

substance is emitted toward a substrate 1. Further, reference numeral 86 denotes an opposing 

substrate. ·This opposing substrate is firmly attached to the substrate 1 using a sealant or the . 

like after forming a light emitting element. A space between the opposing substrate 86 and the · 

element is filled with resin 85 having a light-transmitting property or the like to seal the light 

25 emitting element. Accordingly, the light emitting element can be prevented from being 

deteriorated by moisture or the like. Preferably, the resin 85 has a hygroscopic property. 

More preferably, a drying agent 84 with a high light-transmitting property is dispersed in the 

resin 85 to prevent the adverse influence of moisture. 

[0155] 

30 FIG. llB shows a structure in which both the pixel electrode 50 and an opposing 
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substrate 83 · are formed by using conductive films having light-transmitting property. 

Accordingly, light can be emitted toward both the substrate 1 and the opposing .substrate 86 as 

shown by an arrow of dotted lines. In this structure, by providing polarizing plates 88 outside 

of the substrate 1 and the opposing substrate 86, a screen can be prevented front being 

5 transparent, thereby improving visibility. Protection films. 87 are preferably provided outside of 

the polarizing plates 88. 

[0156} 

The light-emitting device of this invention having a display function may employ either 

an analog video signal or a digital video signal. If a digital video signal is used, the video . 

IO signal may use either a voltage or a current 

[0157} 

When the light-emitting element emits light, a video ~ign~l to be inputted to a {>ixel may 

have.either a constant voltage or a constant current. When a video signal has a Constant voltage, 

a constant. voltage is applied to a light-emitting element ·or a constant current flows through the 

15 light-emitting element. 

[0158] 

Also, when a video signal has a. constant current, a constant voltage is applied to 'a . 

light-emitting element or a constant current flows through tJte light-emitting element. A driving 

method where a constant voltage is applied to a light-emitting element is called a constant 

20 voltage drive. Meanwhile, a driving method where a constant current flows through a 

light-emitting element is called a constant current drive. In the constant current drive, constant 

current flows regardless of change in resistance of a light emitting element. The light emitting 

display device according to this invention and the driving method thereof may use any one of the 

aforementioned methods. 

25 [0159] 

In the light-emitting device, a gate insulating film is not etched, and the characteristics 

of the light-emitting element is not unstable so that its reliabiJity is high. In the case of using a 

top gate semiconductor device, since a gJass substrate or a base film formed by using, a silicon 

oxide film or a silicon oxynitride film is not etched, impurity such as sodium which deteriorates 

30 characteristics is not diffused from the substrate into the semiconductor fiJm so that high 
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reliability is obtained. 

[0160] 

AJ is used for a part of the source. electrode and the drain electrode, thereby achieving 

lower resistance of a wire. 

5 [0161] 

A pixel circuit and a protective circuit included in a panel and module, and operation 

thereof are shown referring to FlGS. 12A to 12F and 13 or the like. FIGS. lOA and lOB and 

· 11A and llB each show a cross-sectional view of a drivi~g TFf 1403 of the semiconductor 

device. , A switching TFT 1401, a current control TFT 1404, and an eraser TFf 1406 may be. 

10 manufactured at the same time of the driving TFT 1403, and may have the same structure as the 

driving TFT 1403. 

[0162]' 

A pixel shown in FIG 12A includes a signal line 14i0 and power source lines 1411 and 

1412 arranged in a column direction and a scan line 1414 arranged in a row direction. The 

15 pixel further includes a swi~ching TFf 1401, the driving TFf 1403, the current control TFT 1404, 

an auxiliary capacitor 1402; and a light-emitting element 1405. 

[0163) 

A pixel shown in FIG 12C has the same structure .as one in FIG 12A except f<!r that the 

gate electrode of the driving TFT 1403 is connected to the power source line 1412 provided in 

20 the row direction'. In o.ther words, the pixels shown in FIGS. 12A and 12C have the same 

equivalent circuit diagram. However, a power source line formed in the case of arranging the 

power source line 1412 in the eolumn direction (FIG. 12A) is formed by using a conductive layer 

in a different layer from a layer in which a power source line is formed by using a conductive 

layer in the case of arranging the power source line 1412 in the row direction (FIG 12C). Here, 

25 attention is paid to a wire connected to the gate electrode of the driving TFf 1403, and the 

structure is shown separately in FIGS. 12A and 12C in order to show that these wires are 

manufactured with different layers. 

[0164] 

As a feature of the pixels shown in FIGS. 12A and 12C, the driving TFf 1403 and the 

30 current control TFT 1404 are connected serially within the pixel, and it is preferable to set the 
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channel length L (1403) and the channel width W (1403) of the driving TFf 1403, and the 

channel length L (1404) and the channel width W (1404) of the current control TFf 1404 so as to 

satisfy L(1403)/W (1403):L(1404)/W (1404)=5 to 6000:1. 

[0165] 

The driving TFf 1403 operates in a saturation' region and serves to control the current 

value of the current flowing into the light-emitting element 1405. The. current control TFf 

1404 operates in a lint'<ar region and serves to control the current supplied to the Jight-emitting 

· element 1405. Both the TFTs preferably have the same conductivity type in the manufacturing 

process; and the TFTs are n-channel type TFTs in this embodiment. The driving TFT 1403 may. 

10 be either .an enhancement mode TFf or a depletion mode tFT. .Since the current control TFf 

1404 operates in the linear region in the light-emitting device having the above structure, slight 

fluctuation of V gs of the current control TFf 1404 does not <).ffect the current valµe of the 
I .. 

light~emitting element 1405. That is to say, the current value of the light-emitting element 1405 

can be determined by the driving TFf 1403 operating in the saturation region. With the above 

15 structure, the variation of tpe luminance of the light-emitting element due to the variation of the 

characteristics of the TFf·can be remedied, ·thereby providing a light-emitting device having 

improved image quality. 

[0166] 

In each pixel shown in FIGS'. 12A to 12D, the switching TFf 1401 is to control the 

20 input of the vidoo signal to the pixel, and the video signal is inputted into the pixel when the 

_switching TFf 1401 is turned on. Then, the voltage of the video signal is held in the auxiliary 

capacitor 1402. Alth~ugh FIGS. 12A and 12C show the structure in which the auxiliary 

capacitor 1402 is provided, this invention is not limited thereto. When the gate capacitance and 

the like can serve as a capacitor holding the video signal, the auxiliary capacitor 1402 is not 

25 necessarily provided. 

[0167] 

A pixel shown in FIG 12B has the same pixel structure as that in FIG 12A except for 

that a TFf 1406 and a scan line 1415 are added. In the same way, a pixel shown in FIG 120 

has the same pixel structure as that in FIG 12C expect for that the TFf 1406 and the scan line 

30 1415 are added. 
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[0168] 

ON and· OFF of the TFT 1406 is controlled by the additionally provided scan line 1415. 

When the TFT 1406 is turned on, the charge held in the auxiliary capacitor 1402 is discharged, 

thereby turning off the current control TFf 1404. In other words, by the provision of the TFT 

5 1406, a state can be produced compellingly in which the current does not flow into the 

light-emitting element 1405. For this reason, the TFf 1406 can be referred to as an eraser TFf. 

Consequently, in the structures shown in FIGS. 12B and 12D, a lighting period can be started at 

the same 'tiirie as or just after the start of a writing period before the writing of the signal into all· 

the pixels; therefore the duty ratio can be increased. 

10 [0169) 

fa a pixel shown in FIG. 12E, the signal line 1410 and the power source.line 1411 are 

arranged in the column direction, and the scan line 1414 is arranged in the row !firection. 
I 

Further, the pixel includes the switching TFT 1401, the driving TFT 1403, the auxiliary capacitor 

1402, and the light-emitting element 1405. A pixel shown in FIG 12F has the same pixel 

15 structure as that shown in ,FIG 12E except for that the TFf 1406 and the scan line 1415 are 

added. In the structure shown in FIG 12F, the _duty ratio can also be increased by the provision 

of the TFT 1406. 

Such an active matrix light-emitting device can be driven at low voltage when the pixel 

20 density increases, because the TFfs are provided in respective pixels. · Therefore, it is 

considered that the active matrix light-emitting device is advantageous. 

[0171] 

Although this embodiment described the active matrix light-emitting device in which 

the respective TFrs are provided in respective pixels, a passive matrix light-emitting device·can 

25 also be formed. Since the TFfs are not provided in respective pixels in the passive matrix 

light-emitting device, high aperture ratio can be obtained. In the case of a light-emitting device 

in which light is emitted to both sides of the light emission stack, the transmissivity of the 

passive matrix light-emitting device is increased. 

[0172] 

30 Subsequently, a case will be described in which a diode is provided as a protective 
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circuit on the scan line and the signal line with the use of an equivalent circuit shown in FIG 

12E. 

[0173) 

In FIG 13, the switching TFT 1401, the driving TFf 1403, the auxiliary capacitor 1402, 

5 and the light-emitting element 1405 are provided in a pixel area 1500. Diodes 1561 and 1562 

are provided on the signal line 1410. In the similar way to the switching TFf 1401 ·and the 

driving TFT 1403, the diodes 1561and1562 are manufactured based on the above embodiments, 

and have a gate electrode, a semiconductor layer, a source electrode, a drain electrode, and the 
,. 

like. The diodes 1561 and 1562 are operated as diodes by connecting the gate electrode with 

10 the drain. electrode or the source electrode. 

[0174] 

Common potential lines 1554 and 1555 connecting to the diodes 1561 and 1562 are 
J 

fonned by using the same layer as the gate electrode. Therefore, in order to conned the 

common potential lines 1554 and 1555 with the source electrode or the drain electrocJ.e of the 

15 diode, it is necessary to fo1:111 a contact hole in the gate insulating layer. 

[0175] 

20. 

Diodes 1563_and 1564 provided on the scan line 1414 have a similar structure. Further, 

common potential lines 1565 and 1566 has the similar structure. 

[0176] 

In this manner, protection diodes can be simultaneously formed. in an input stage 

according to this invention. Further, the positions of the protection diodes are not limited to this, 

and they can be provided between a driver Circuit and a pixel. 

[0177] 

A top view of a pixel portion in the case of using an equivalent circuit shown in FIG 

25 12E is described in FIG 14A. In addition, the same equivalent circuit as that· in FIG 12E is 

shown in FIG 14B. Each semiconductor device shown in FIGS. lOA, lOB, llA, and llB is 

corresponds to each driving TFI' 1403. FIGS. lOA, lOB, llA and llB show cross-sectional 

views taken along line X-Y in FIG 14A and 14B. The power source line 1411, the signal line 

1410, and the source electrode and the drain electrode of the switching TFT 1401 are formed by 

30 using the first conductive film, and the source electrode and the drain electrode of the driving 
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TFT 1403 are formed by using the second conductive film. 

[0178] 

The switching TFT 1401 is manuf~ctured by the same method as the driving TFT 1403. 

The drain electrode of the switching TFT 1401 and a gate electrode 40 of the driving TFf 1403 

5 are connected electrically with each other through a contact hole formed in an insulating film in· 

the same layer as the gate insulating film 42~ 

[0179] 

The auxiliary capacitor 1402 is formed by using a portion where the gate electrode of 

' the driving TFT 1403 is extended, the power source line 1411, and an insulating film in the same 

10 layer as tlie gate insulating film 42. 

[0180] 

A light-emitting region 1420 is formed in an openfug portion of a partition_ wall 81. 

The partition wall 81 is formed in the vicinity of the light-emitting region 1420, although it is not 

shown. The comer portion of the light-emitting region 1420 may be rounded. By maJdng the 

15 corner portion of the openi.ng portion of the partition wall 81 rounded, the corner portion of the 

light-emitting region 1420 -can be rounded. ·When dry etching using plasma is performed to 

process the partition wall -81, generation of fine particles due to abnormal discharge can be 

suppressed by making the corner portion rounded-_ 

20 

[0181] 

This embodiment can be combined with a suitable structure of the above embodiments 

as appropriate. 

[0182] 

[Embodiment 7) 

As an electronic device having semiconductor devices according to this invention 

25 mounted with modules shown as examples in the above embodiments, a camera such as a video 

camera or a digital camera; a goggle type display (a head mounted display); a navigation system; 

an audio reproducing device (e.g., a car audio component); a computer; a game machine; a 

portable information terminal (e.g., a mobile computer, a cellular phone, a portable game 

machine, an electronic book, or the like); an image reproducing device equipped with a 

30 recording medium (specifically, a device which can reproduce the content of a recording medium 

198



WO 2007/058329 PCT/ JP2006/32304 2 

39 

such as a digital versatile disc (DVD) and which has a display for displaying an image stored 

therein); and the like can be given. Specific examples of these electro~ic appliances are shown 

in FIGS. lSA to 15E, and FIG. 16. 

[0183] 

5 FIG 15A shows a monitor for a television receiver or a personal computer, or the like; 

including a housing 3001, a display area 3003, speakers 3004, and the like. An active 'matrix 

display device is provided in the display area 3003. Each pixel of the display area 3003 

includes a semiconductor device manufactured in accordance with this invention. By using the 

semiconductor device of this inventio~ with this structure, a television with less characteristic 

10 deterioration can be obtained. 

[0184] 

FIG. lSB shows a cellular phone, including a main body 3101, a housing 3102, a display 

area _3103, an audio input portion 3104, an audio output portion 3105, operation keys 3106, an 

antenna 3108, and the like. An active matrix display device is provided in the display area 

15 3103. Each pixel of th'e display area.3103 includes a semiconductor device manufactured in 

accordance with this invention. By using the semicond.uctor device of this invention with this· 

structure, a cellular phone with less characteristic deterioration can be obtained. 

[0185] 

FIG. 15C shows a computer, including a mai~ body 3201, a housing 3202, a display area 

20. 3203, a keyboard 3204, an external connection port 3205, a pointing mouse 3206, and the like. 

An active matrix display device is provided in the display area 3203. Each pixel of the display 

area 3203 includes a semiconductor device manufactured in accordance with this invention. By 

using the semiconductor device of this invention with this structure, a computer with less 

characteristic deterioration can be obtained.·. 

25 [0186] 

FIG. 15D shows a mobile computer, including a main body 3301, a display area 3302, a 

switch 3303, operation keys 3304, an infrared port 3305, and the like. An active matrix display 

device is provided in the display area 3302. Each pixel of the display area 3302 includes a 

semiconductor device manufactured in accordance with this invention. By using the 

30 semiconductor device of this invention with this structure, a mobile computer with less 
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characteristic deterioration can be obtained. 

[0187] 

FIG 15E shows a portable game. machine, including a housuig 3401, a display area 

3402, speakers 3403, operation keys 3404, a recording medium insert portion 3405, and the like. 

5 An active matrix display device is provided in the display area 3402. Each pixel of the display 

area 3402 includes a semiconductor device manufactured in accordance with this invention. By 

using the semiconductor device of this invention with this structure, a portable game machine 

with less characteristic deterioration can be obtained. 

10 

[0188], 

FIG 16 shows.a flexible display, including a main body 3HO~ a pixel area 3111, a driver 

IC 3112; a receiving device 3113, a film buttery 3114, and ihe iike. Tne receiving device can . 

receive a signal from an infrared communication port 3107 of the above described celiular phone. 
. -

An active matrix display device is provided in the pixel area· 3111. Each pixel ·of the pixel area 

3111 includes a semiconductor device manufactured in accordance with this inventjon. By 

15 using the semiconductor ~evice of this invention with this structure, a flexible display with less 

characteristic deterioration·can be obtained. 

[0189] 

As set forth above, the application range of this. invention is extremely wide, and this 

invention can be applied to electronic devices in all fields.· 

20 [0190] 

The present application is based on Japanese Patent Application serial No. 2005-329806 

filed on November 15, 2005 in Japanese Patent Office, the entire contents of which are hereby 

incorporated by reference. 
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CLA1MS 

1. A semiconductor device comprising: 

a gate electrode; 

a gate insulating film over the gate electrode; 

PCT I JP2006/32304 2 

a first film comprising metal material over the gate insulating film; 

a second film comprising a transparent semiconductor material and an n-type or p-type 

impurity over the first film; and 

, a third film comprising the tra~sparent semiconductor material over the second film and 

10 the gate ii:i.sulating film. 

15 

20 

2. A semiconductor device according to claim 1, ·wherein the gate insufating film 
I 

comprises silicon oxide or silicon oxynitride. 

3. A semiconductor device according to claim 1,wherein the metal material is aluminum 

or aluminum alloy. 

4. A semiconductor device according to 'claim 1, wherein the transparent semiconductor 

material is zinc oxide. 

5. A semiconductor device comprising: 

an. insulating film over a substrate; 

a first film comprising a metal material over the insulating film; 

a second film comprising a transparent semiconductor material and an n-type or p-type 

25 impurity over the metal film; 

30 

a third film comprising the transparent semiconductor material over the insulating film 

and the second film; 

a gate insulating film over the third film; and 

a gate electrode over the gate insulating film. 

201



WO 2007/058329 PCT/JP2006/323042 

42 

6. A semiconductor device according to claim 5, wherein the insulating film comprises 

silicon oxide or silicon oxynitride~ 

7. A semiconductor device according to claim 5, wherein the metal material is aluminum 

5 or aluminum alloy. 

IO 

15 

8. A semiconductor device according to claim 5, wherein the transparent semiconductor 

. material is zinc oxide. 

9: Amanufacturing method of a semiconductor device, comprising: 

forming an insulating film over a substrate; 

forming a first film comprising a metal material over the insulating film; 
' 

forming a second film comprising a transparent semi~nductor material and an n-type or 

p-type impurity over the first film, 

etching the second film, and 

etching the first film. 

10. A manufacturing method of a semiconductor device according to Claim 9, further 

comprising forming a third film comprising the transparent semiconductor material over the 
. . 

20 . second film and the insulating film after the step of etching the first film. 

25 

30 

11. A manufacturing method of a semiconductor device accordhlg to claim 9, wherein 

the insulating film comprises silicon oxide or silicon oxynitride. 

12. A manufacturing method of a semiconductor device according to claim 9, wherein 

the metal material is aluminum or aluminum alloy. 

13. A manufacturing method of a semiconductor device according to claim 9, wherein 

the transparent semiconductor material is zinc oxide. 
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14. A manufacturing method of the semiconductor device according to claim 9, wherein 

the substrate is a glass substrate. 

15. A manufacturing method of the semiconductor device according to claim 10, 

5 wherein the transparent semiconductor material is zinc oxide. 

10 

15 

16. A manufacturing method of the semiconductor device according to Claim 9, wherein 

· the etching of the second film is wet etching. 

p. A manufacturing method of the semiconductor device according to Claim 9, wherein 

the etching of the second film is wet etching using a buffered fluoric acid. 

! 

18. A manufacturing method of the semiconductor device according to Claim 9, wherein 

the etching of the second film is performed by dry etching. 

19. A manufacturing method of the semiconductor device according to Claim 9, wherein 

the etching of the second film is performed by dry etching using CH.t gas. 

20. Amanufacturingmethod of the semiconductor device according to Claim 9, wherein 

20 . the etching of the first film is performed by wet etching. 

25 

21. A manufacturing method of the ·semiconductor device according to Claim 9, wherein 

the etching of the first film is performed by wet etching using a developer for a photoresist. 

22. A manufacturing method of the semiconductor device according to Claim 9, wherein 

the etching of the first film is performed by wet etching using an organic alkali solution. 

23. A manufacturing method of the semiconductor device according to Claim 9, wherein 

the etching of the first film is performed by wet etching using TMAH (tetramethylammonium 

30 hydroxide). 
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24. A manufacturing method of a semiconductor device, comprising: 

forming a gate electrode over a substrate; 

forming a gate insulating film over the gate electrode; 

forming a fast film comprising a metal material' over the gate insulating film; 

forming a second film comprising a transparent semiconductor material and an n-type or 

p-type impurity over second film, 

etching the second_ film, and 

, etching the first film. 

25. A manufacturing method of the semiconductor device according to Claim 24, further 

comprising fanning a third film comprising the transparent" semiconductor material over the 

second film and the gate insulating film after the step of etchiiig the first film. 

26. A manufacturing ·method of the semiconductor device according to claim 24, 

wherein the gate insulating film comprises silicon oxide ~r silicon oxynitride. 

. 27. A manufacturing method of the semiconductor device according to claim 24, 

wherein the metal material is aluminum or aluminum alloy; 

28. A manufacturing method of the semiconductor device according to claim 24, 

wherein the transparent semiconductor material is zinc oxide. 

29. A manufacturing method of"the semiconductor device according to claim 24, 

25 wherein the substrate is a glass substrate. 

30 

30. A manufacturing method of the semiconductor device according to claim 25, 

wherein the transparent semiconductor material is zinc oxide. 

31. A manufacturing method of the semiconductor device according to Claim 25, further 
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comprising: 

forming a gate insulating film over the third film, and 

forming a gate electrode over the gate insulating film. 

PCT I JP2006/323042 

32. A manufacturing method of the semiconductor device according to Claim 24, 

wherein the etching of the second film is performed by wet etching. 

33. A manufacturing method of the semiconductor device aceording to Claim 24, 
, 

wherein the etching of the second film is performed by wet etching using a buffered fluoric acid. 

34. A manufacturing method of. the semiconductor device according to Claim 24, 

wherein the etching of the second film is performed by dry etching using CRi gas. 

3S. A manufacturing method of the semiconductor device according to Claim 24, 

15 wherein the etching of the ~irst film is performed by wet etching. 

2.0 

36. A manufacturing method of the semiconductor deviee according to Claim 24,. 

wherein the etching of the first film is performed by wet etching using a developer for a 

photoresist. 

37. A manufacturing method ·of the semiconductor device according to Claim 24, 

wherein the etching of the first film is perfoirned by wet etching using an ·organk alkali solution. 

38. A manufacturing method of ·the semiconductor device according to Claim 24, 

2.5 wherein the etching of the first film is performed by wet etching using TMAH 

(tetramethylammonium hydroxide). 

30 
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EXPLANATION OF REFERENCE 

1: substrate, 2: insulating film, 3: gate electrode, 5: gate insulating film, 6: first conductive film, 

7: second conductive film; 8: third conductive film, 9: resist mask, 10: source electrode, lOa: 
' 

5 source electrode, first conductive film, lOb: source electrode, second conductive film, 11:. drain 

electrode, Ila: drain electrode, first conductive film, llb: drain electrode, second conductive 

film, 12: semiconductor film, 13: island-like shaped semiconductor film, 14: insulating film, 20: 

insulating film, 21: first conductive film, 22: second conductive film, 23: third conductive film, 
, 

24: resist mask, 25: source electrode, 25a: source electrode, first conductive film, 25b: source · 

IO electrode, ·second conductive film, 26: drain electrode, 26a: drain electrode; first conductive film, 

26b: drain electrode, second conductive film, 27: semicondu~tor film, 28: gate insulating film, 

29: gate electrode,. 30: insulting film, 40: gate electrode, gat~ wire, 41: auxiliary capacitor wire, 

42: gate insulating film, 45: source electrode, 45a: source electrode, 45b: source electrode, 46: 

drain electrode, 46a: drain electrode, 46b: drain electrode, 47: source wire, 48: semiconductor 

15 film, 49: insulating film, 50: pixel electrode, 51: alignment wire, 52: liquid crystal composition, ' 

53: alignment film, 54: protective insulating film, 55: color filter, 56: opposing substrate, 61: 

substrate, 62: gate wire driver circuit, 62a: shift register, 62b: buffer, 63: source wire driver 

circuit, 63a: shift register, 63b: buffer, 64: active matrix portion, 65: semiconductor device, 6(): 
. . 

liquid crystal portion, 67: auxiliary capacitor, 68: video line, 69: analog switch, 71: source wire, 

20 72: gate wire, 73: auxiliary capacitor wii:-e, 75: sealant, 81: partition wall, 81a: -end surface, 82: 

layer including light-emitting substance, 83: .opposing electrode, 84: drying agent, 85: resin, 86: 

opposing substrate, 87: protective film, 88: polarizing plate, 100: auxiliary capacitor, 1000: 

substrate, 1001: source electrode, 1002: dnµn electrode, 1003: semiconductor film, 1004: gate 

Insulating film, 1005: gate electrode, 1006: base film, 1401: switching TFf, 1402: auxiliary 

25 capacitor, 1403: driving TFT, 1404: current control TFf, 1405: light-emitting element, 1406: 

TFf, 1410: signal line, 1411: power source line, 1412: power source line, 1414: scan line, 1415: 

scan line, 1420: light-emitting region, 1500: pixel portion, 1554: common potential line, 1555: 

common potential line, 1561: diode, 1562: diode, 1563: diode, 1564: diode, 1565: common 

potential line, 1566: common potential line, 3001: housing, 3003: display area, 3004: speaker, 
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3101: main body, 3102: housing, 3102: housing, 3103: display area, 3104: audio input portion, 

3105: audio output portion, 3106: operation keys, 3107: infrared communication port, 3108: 

antenna, 3110: main body, 3111: pixel portion, 3112: driver IC, 3113: receiving device, 3114: 

film buttery, 3201: main body, 3202: housing, 3203: display area, 3204: keyboard, 3205: external 

5 connection port, 3206: pointing mouse, 3301: main body, 3302: display area, 3303: switch, 3304: 

operation keys, 3305: infrared port, 3401: housing, 3402: display area, 3403: speakers, 3404: 

operation keys, 3405: recording medium insert portion 

10 
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To provide a semiconductor device in which 
a defect or fault is not generated and a 
manufacturing method thereof even if a 
ZnO semiconductor film is used and a ZnO 
film to which an n-type or p-type impurity is 
added is used for a source electrode and a 
drain electrode. The semiconductor device 
includes a gate insulating film formed by 

' ) 
'f'c•~1-----\· +I------~-~ 

1 20 i7 28 

using a silicon oxide film or a silicon oxynitride film over a gate electrode, an Al film or an 
Al alloy film over the gate insulating film, a ZnO film to which an n-type or p-type impurity 
is added over the Al film or the Al alloy film, and a ZnO semiconductor film over the ZnO 
film to which an n-type or p-type impurity is added and the gate insulating film. 
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36. ~·~:;f1J~;Jt24~-f*1*-S.#-a{rt'Ji:t~*' Jt-117' il:it1J!.Jfl 
Jfl~~~&~AWM~~-t!~~~ffll!.i-&~ffl~'t!k~o 

3 7. ~il:f,%-~:;f1] ~ >t<. 24 ~ -f ~1*-2-#- a{, -$1] it: :;t * ' Jt-117 ' ii :it 1i!.Jfl 

;fl"*~~~~~ )I. 't!k ~l ~tr J'fr ~· -· ~ .Pfr~ 't!k ~l 0 

38. ~ili%-~;f1J~;f<.24~-f*1*-~1t~"*1Ji:t/t*, Jt 117' i!:it1J!.Jfl 
TMAH(~,~~~~~)~~'t!k~~tr~~•-•avffl~'t!k~o 
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{t~4ji~ 

'*-LaA jffell.1.tlfl ZnO ( .'1At*) ~-f*1*-B1+7.l.J\:.-$tJ:it~*o 

Jf-l-.tt~ 

-•ii.1±1.tlfl a-Si ( ~f a\;i) ~poly-Si ( j Ji.;!) 1fj ~]fl -T~A 

IffeB~EL(%aL~)Iffe&~Iffe~~~-f•1*-&1+,~~UT 

<~•A1*-f)~-f~1*-~~-f~1*-&#o 
Si ( Ai ) ~ J!-;ff :k. {J(J .1* ( 1ftl ~, if i:J\ Ai;/') 1.1 e V ) 1f-lL 11l. J]t. "iif Yi 

~a l!l±ftl~mt-A;j-, ,(f.Sitp1f}~ti-=t~~R (~~lrL-=f) o ~*-?fJ.h\Si 

JJljfj -TTFF~ ~t) it_1fj ~I&.~, "~ llp1.t,(f.OFF;!k ~ r ~~ii.i±.Jf] ~AA 
Af,(f.~4~~~~tf ~~-~~o T~' %~~~,(f.--r&.~·-g 
zfa] ~it#J. ,(f.OFF;Jk~ if ~lrL#J {J(J % $/rL:f]t$ ;/') "OFFait• ti $Iii."" ~*-ti 

~~«~, "~Iffe~~~~~i~. ~~,1fj~~)jf=.~-~~~~ 

~••s~.-~, •-t-t~~•ffe• .. ~Mffe•~~Mffea, •~, 
~ 1fJ ,iN_j6)jf:. iit.JJl at ' 1 ~ ~.ff .i. ~ 0 

~ T M-'*-ii tlil :J!., =*. )i.1.tJfl ~1-t4¥=- ( z no ) €fJ :ij: ffA A 1*-'f , ii£ ~ 
{t*JtJ!-;ff J;~Si~. Jf}jt :k.¥J3.4eV~~;k_{FJ ~ Jf}it lFJ-f~#-o * -Tit#it 
~A•f,·-~"iifYi~•iflFi~•*-'*ll"iif~~~:fJt~~.~~, 
~ J!-;ff ,(£.)fl ~ JHtt-J- at 0 FF~~ % $/rL ~ Jt :hn {J(J 11(, ,~ ... 

~~,,(f.~~~#1if~*r~-r-~4~~~~~m~o~-f~ 

1*.B#-. ~!& liJ 7AiJL~1.tJfl ZnOlFJ.f~#-B#-lFJ~¥.J" 
~ 7A if~ .f-t1*-&#,(f. it~PJJ.t~# ht ff'J ~~# Jit1ooo:t..J:.J!-;ff 

~ ti~1001, • ti~1002 .. ~.tfJii.i.~ if,~ ti•1001~• ti~1002~~ 

lFJ ZnO~ 1003, A j:..tf.ZnO~ 1003ZJ:. ff'J;fJlit~~& 1004~.fM-ti~1005o 

~T· %*1l1001~· %;flll002, 1l!.Jfl ~ti ~ZnOo ~% ff'JZnO#} 
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.{#;ff I-Ar~ 1Gt" tf ~-:ff: 1f :/.J ~ III~1Gt- ~B ( lj1IJ ) .. AI ( 4g ) .. 

~ ( Ga ) .. ~ ( In ) ~Tl ( ~ ) ; fl; JlJ ~ VII~JG-t ~ F ( ~ ) .. Cl 

( iL) .. Br (if!:) ~I ( ~) ; 1f Jl] ~l~JGi-~41. (Li) .. Na ( 4ll-J) .. 

K (if) .. Rb (~)~Cs ( ~) ; 1f J.J ~v~;Gt-~N (ft..) .. p ( ~) .. 

As ( $f ) .. Sb ( ~) ~Bi ( ~) o 

[ ~~ .3C. #] a '*-~7t-t ;f1J lf *No. 2000-150900 

2(.a_ij P-1 $. 

~-'*-LffJJ~L~A~~-,-~1~•l:t.~~:1FJAOOu~~~ 
!Jl:if-f~#-B#-~ ~ ~*11..1001~~ ~*11..1002at# Atooo..rI.-~·lt»t r 
~,t~,i!J 0 ~1t.ff.:1FJ ~ill±## AlOOOJ:.1tJfl ftAth!JJl~.fL.i.1-tih!Jll:1FJ 
~ ~ .l..Jll 1006 ~ ·It »LT , ~ .1.-Jll :t.t It! .ill at# A 1 ooo ~-*- ifJ-d!..i,ff.-Jtb ·It 
»Lr~S~o~~,#00IB~ffe~A•-f~1f.B#~lt»Lr,.ffe7 

~ill± ~l!IJ :1FJ A~ ~*1l..1001~ ~ ~*1l..1002atiil±.1tfrl ~1-th!Jll~~ft 

1-tih!JJl :1FJ A~ ·~~JJl 1004;f.t ~ l!tl o 

,(f.rfi•-f~#-&#-~·tt»L r, ~ JJt~# AtoooAiil±.1tJfl ~1-tili 
JJl~~.i.1-thiJJl?fJ A~ .l..JJl1006;jc}t~.ill at, it~4i-l~ ~Jt ~# Atooo 
.ft-ftJtl-f~#--1003 tf:r' 1t4?J-#·~~ 1-to 

.ff.A•-f~1f.B#- ( 007B) ~·lt»t r, ~*-~i!i±~jiJ7fJA~ % 

*1l..1001*='~ ~~1002at•~~JJll004~~.lrl' ~ ~#1tik;f'~Jt.~* 

.Jl~Ji?t.1*o 

~4~~J:.~»L,'*-LffJJ~~~k,•~~~~~4:1FJAg~~ 

Jfl ZnO-f~#.JJl-Jf-JLJt>f--t~ ~*11..~Ui ~*11..~Jfl Jt:. 'f ~~nM~pM ~ 
Jt~~o•~~?~*M~~~~-f~#-&#1.it-~4**0 

-*-itffJJ ~-t~#.B#~-+~iJJt-:;ff: .ff.~1-th:tJJl~~ft..1-tikt.Jll 
.:t.J:.~Al&~AI~~JJl~.ff.AIJJl~Al~1tJJl3!:..J:.. ~ Jt:. tf ~~nM~p 
M~Jt~ZnOJJlo -*"1JlffJ3-# ~ ~"~1-th!Jll" .. "~i\i1-ti#.t,Ql" .. "AIJJl" .. 

"AI~1t.Jll"~"ZnOJll"7J'-»1J f;t%.~ @i*~1-tkt~JJl.. @i*~il1-tkt~ 

JJl .. @i*AI~Jll .. &*AI~1t~JJl~&*ZnO~JDL 
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*~~~~~~~#~-+~~J!.~:,(£•~•:t..J:.~iitl~m 
fiAt~JJl~~il1-t~JJl1fJA~·~~JJl .. ..(f.:.fJllt~~JJl:t..J:.~AIJJl~Al 

~* JJl, ..(f.AlJJl~Al~".t-JJl:t..J: ~.ft. 'f ~ iJri n ~ ~ p~ -1# J1i ~ ZnOJJl .. 

i.-:J. ht..(£~ tf ~:htin~ ~p~ .(#Jfi ~ ZnOJJl~:.fJllt~~JJl:t...1:. ~ ZnO~~ 

1f.Jllo 
*~~~~~~~#~-+~~~~=~~~4JJl~~~~4JJl 

.i(.J:.~AlJll~Al~".t-JJl .. 1i.AIJJl~Al~-:t-Jll~J:.~ Jt tf ~:htin!t!~p~ 
?#Jfr~ZnOJJl .. ..(f.~1-t4Jll~~fl1-t#i.nl~Jt 1f ~:hPn~~p~?#JJi~ 
ZnOJUt~J:. ~ ZnO~-t-#--mt.. ~ZnO..f~{f.Jll~J:. ~ -~~Jll.. ~,.(!. 

-~~JJl:t..J:. ~ -~-0 
*~~~~-t-1*-&#~~~~*~-+~oo~~~r~•=1fJA 

~A-t-'i.JJl~ ~fl{-tZ!JJl; ~ ~1-t4Jll~ ft.i flA-tZ!JJl ~J:. 1fJ ~Al.lll~ Al 

~~Jll; ~AIJllAAI1;---~Jll~J:.1f} ~~ 1f ~iJlln~ .£p~ /#!Jr~ ZnO 

Jll, Jt.1f, ~ 1f ~iJlln~,£p~ *lli~ZnOJJliiii·--tk~];f,t~~l J!J~ 
;;fij' Al, :l}{ 1fj :lk , fr Jl.AIJJl ~Al~* Jllii li jjt ..:::.-tk ~];fit~ ~J J!J J!.:ff §, :lk 1fJ 
;!}{ 0 

*~~~~~~·*~~~~*~-+~oo,~1f,~•-=-~~ 
:t..R;, ~~if ~iJlln~~p~/#$~ZnOJJl-. ~~1-t#!JJl~ft.ifl{.t,#jJl 

.i(.J:. ?fj ~z no~ -!1-1*-JJl o 

~A-~*1*-B#~lt~r,..(f.?fJA•~·.i(.R;,~·~-:t..J:. 

1fJ Aiiit1Jt.m ~1-tki:JJl~~i\1-t#!Jll?fJ A~-~~JJlo 
,(f_Tji:.fJllt~*#-&-f+~·lt~ r, ~?fJ~ZnO-f~#-JJl:t..Jff-JfJ~:fM-~ 

itlll-Jt JL1f} ~-~-. 
*~aA ~ jjt-~~J ""fi.J""1-:All~~~J o 

*L~~--~~""fi.J""~Jl~m·~~~~~~~-tk~o 
*~aA ~--~~J""fi.J""i-:All -T-tk~J o 

*L~~--~~""fi.f°"~Jl~mca<,~>~1f.~-T~~o 

-*"~aA ~ jjt..::.~~Jiif1-:All~-tk~l a 

*~~~•-=-~~""fi.f°"~ll~m~~~~£~~*~~~~0 
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*-La.Jl ff!J • ..::.'cltiil ~ ~1-,"l 11!.Jfl .lf~~~~~ 5.1.~.lrl o 

*-L~~-..::.~~~~~~JflTMAH(Q'~~~~-)~-~ 

*-~~~~~~a*~-+~~~~=·~~,~-~~~~~ 

•M~-,~-~~-~~~~*~£#*~·-·,~•-•z~ 
~~~4~~~~#~~n~~P~~Jffr~•..::.JJt,~a~•..::.•~• 

~--Z~~~*~~~*~#*~~~-0 
~L~~~~~3#~-+~~~~:~#Az~~~~-,~ 

M~Jllz~~~*~£#*~·-Jll,~~£Jll~~~~~~~~~ 
~#*~n~~p~·Jffr~•..::.}Jl,~~--~·..::.Jll~~~~~~~ 
~~~#~~·~·,~·~·~~~•M•Jll,~~-M~Jll~~ 

~-%·0 
~L~ff!J~~~3#~~~~*a!l-+~~~~~Tffe•:~# 

A~~~AM.Jll; ~~~-z~~A~~~£#~~·-Jll; ~· 
-•z~~~&*4~~~~#~~n~~P~•~ff!J•..::.Jll; ~~• 

_::.Jll; ~-ti:iiJ ·-·o 
*-L~~~~~~*a!l~~~*~-+~~~~~Tffe~:~# 

Az~~A•%~; ~-%~Z~~A·~··; ~-~~·z~~ 
A~**£#*~•-a; ~-..::.Jllz~~~&*~~~~~#*~ 
n ~ ~ p ~ ffe Jffr ~ • ..::.,Ill; ~ :iil • ..::.}Jl; ~-ii .lrl • - JJl o 

~~-·~~B*t,•~~m-~#A,~~~-~~~~~ 
Jll~A~~-~-~~' *A·~~~-Jffr~~#A~-~·~~
t, 11!.4'.ft.# 111:~$1-t., 

~A•••~&#t,•M•&~~~~*A~#~~*~~~ 
~,;t.o 

·~~~-~-~-~-~-~~~JflM,~~~~a~~~~ 
~~l~a 
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~l1ft001f, 

~~; 

00 lA~ 00 tB*--iF '*-L aJl ~ -f ~#: 3#; 
00 2A,..,2D~ -iF '*-11... RA~ -f-!f-#:~1t ~ *11 xt-}J" •; 

00 3A-3D~ -iF '*-L RA U!J ..f-!f-#:~1+ ~ iM ft ffe •; 
00 4A~ 00 4B~ -iF *-L RA ~ -f .!f-1*- a-1+ ~ °*'j Xl ffe ._; 
00 5A--5D~ -iF *-11... a}l ~ -f ~#: 3#-~ °*'l :it -}J" lift; 
00 6A-6C~ -iF '*-L aJl ~ -f-!f-1'-~1+ ~ °*'1 nt ffe lift; 
00 7A;fp 00 7B*--iF'f~~1f~ -"t; 
lfJ 8A~ 00 SB~ -iF >rl A Ji IF~~ *1 l!. ffe •; 
00 9 A;fp l¥J 9B~ IF >rl A Ji IF~~ "*11 lt ffe •; 
00 1 OA~ lfJ 1OB*-.-iF11...Jf... ~1+ ~ i}itj J:t ffe Jjft; 
00 11A~ 00 11B*-. IF 11...iG ~1+ ~ tiJ ft ffe Jjft; 
IJl 12A....,12F~»tl-*'--ffe1J...J63-f+~~jt_ ~~o 
0013*--if; 1J...~~1+{f(J ~jt_ ~~o 

0014A~ffe1ti:-~?1'-~1Ji~"fir~OO, l¥J 14B~-iF1J...Jf...S-14-~~3lt. 

111 15A,...,15E ~ »tl -*'--iF J}L Jf] '*-L aJl ~ ~ -"t Jt. I {i(J 1f1J -"t ; 
111 16-*'--iF .El Jf] -*-L BJl ~ %-"t ~I~ 1f~ -"to 
~r••~oo~~-*-LBJl~~~~-~•,*L~~~~~r{f(J 

«~, *A*~~~~Al~$l•M~~~~~•-*-LBJJ~~~~ 
~~~**r~~~~~*~~X~~~~~~~~~o ~~' '*-11... 
~~s••*~~~~r•~~~~~{i(J«~. 

-Jl-1*-~~~ii.. 

[~~1fHJ 

i!.X iJt.aJl fit{WJ--f~#:-2#. 
00 1 A;l-;;;- ~ *-!ii... tlJl ~ ~ ~ {f~ {i(J -+ {f~ -r ~ A liJ 00 0 ~ 00 1 A 'f ' 

itft II] *~i~I.*-. iF# A, 3~ -$"-lJlJJ-t@.~, s.*-. 7F·~~Jl1L 10-*'--iF~ ~~' 
lOa*-.-iF ~ -~ ~Jll, I Ob~ -iF jft ..::.-!f- ~Jll, 11-*"--iF~ ~~' lla-*--IF jjt 

10 
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-~ %JJl, 11b~ -;F jjt .::.~%JJl, 13*-. ffe-f~-ff-JJlD "P[¥:J.,(£-f~#.JJl13 

zJ:.7fJAmT~~A~~~~~-·D 

11.# A 1ZJ:.7fJ A:fJl!J-%~3, -t£• % ~3ZJ:. 7fJ ~AJllf~tt-JJls, 1t lL 

-t£•~••szJ:.7fjJ&i~ %~1o~ifJ ~~11o ~ %~1odJJt.~jjt-~~ 

JJllOa.l;j ~.::..~%Jll10b~ l:&Jll7fjJ&i, *A~tl!.~11 dJJt.~jjt-~% 

JJllta.l;j ~ _::.~ %JJl1 lb~ t:&Jll-Jfj Ao P[v:I. 1£jjt-~ tt!.JillOa~ ~ _::.~ 

~JJllObZfaJ~;;f 11.~ -~%Jillla~~.::..~%JllllbZliJ 7fj.Jl;t~;.~ 

~ML ~ tt!.~to;fp~ tt!.~111if ~»1J 7fjj]}t;l;illt•~•Jlls.l;j•~~3~ 

~-f: t: D 11.~ ~~1ozJ:.7fJ A-f~#-Jil13.Jt A1£:flt~tit-JilszJ:.-JfJ A~ 
~~lL 

l!..E i.JL ft)J ~ ~ Jjif;J 0 

( 1) #4 

~T7fJA#4,Pf~~millt~Jfl~~#47fjA~#A .. *~~ 

~~~~-#*;fp"Pf~1£J€r~~-~~~~~~~~-*#A~o-t£ 
~ T #A 11.tJfl •7Pf-# 4 ~ 1tt m.. r, Pf v:J.1.tJfl PC ( ~kl~J!j~ ) .. PES 

( ~l!ZA) .. PET ( ~~.4t-..::. 'f i!il ~.::.m) APEN ( ~$.::.. lf i!il ~_::. 
m)•D-t£•*#4~1tm..r-,PT~~•~~J:.~~•~~&A~~ 

&~~~~~m~&o11.1£m7Pf-#4~~~~-t-t£#AJ:.?~dl~ 

~•7fJA~~~~~ltm..r,Pf~11.JflCMP··~#A~~~·~~ 

1.2.1tzJ€r 1.tm it# AD PT v:J. 1£# 41z.J:.7fJ Am -r ~ .i1:. ?#!Ir.• .M..# A 1911 

.tf1ft~*:ki:r.$i.i1t4 ( SiOx) .. f\.1thi ( SiNx) .. .$i.it\.1t4 ( SiOxNy) 

( x>y) ~t\.~AtPi ( SiNxOy) ( x>y) ~~-·o 

( 2) -~~ 
iif¥:J.:i!~1.tJfJ Al ( ~) Jll .. W ( ~) JJl .. Mo ( .iEJ) JJl, Ta ( ~) 

JJl .. Cu c-.m) ... Ti (it) JJlA ~-t-l!.Jtb.7t-tf1:~ £~A7/-~~~# 

7Pf- ( 11~~' Al~~JJl .. MoW ( -iEI~) ~~JJl) •7fJA•~~o P[v:J.1.t 

Jfl~~?#~*~P(~)~?#J!r.Jt~~jAP!JJl~~~~-f~#.Jllo 

-~~3°Pf J-:J.;t.~&AJt. ~&!I:~ AA~§&~ t:&JJlo 

( 3) -~·JJl 

11 
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!if~~~~m~~~~hi.·~~~~~-~~*~#~£~~ 

~~M•&~A•~•&So ~~' ~!if~~•&A~&&o 

< 4) a ~All~A %*1l 
~ ~*2l1ot!l ~-~%JJltoa~ ~.::.~%&lob~ t:&&7fJJ~" -)f- ..EL 

• %-*t.11 dJ ~ -~ %Jlllla ~ ~ _-:::.~ %.Jllllb{i!J ~&JJl~ Ao 
"ff~ jft-~%&, li[v~1.tmA1JJl .. it~AlNi (-lg$!) JJl~AINd 

( ~4g) Jll~Al'*"*Jllo "ff~ jf,;.::.~%Jll, !ifvX~m -it- 'f ~krB ( ;m) .. 

Al ( 4g) .. Ga ( ¢) .. P (~)~As ( 1if) l19pit!~n~~J.tl19Zn0 ( fi.i 
1-t<tt) o !if v~ ~~-~%,Ill~~.::.~ %JJl.:t..fa1 ii:.1. it:ktiTiJJl 119* £JJl 

ff:h~-=-~~·o 
( 5) f-~#.JJl 

1.1!.Jfl ZnOJJlfF~..f~1f.JJlo d1 T~..f~#.Jll~~¥J it %*2l~-~ 
*'-lJ!-;ff Jt 'f ~.hi:rpit!~n!t! ~J.t 119ZnOJJl, ~ ~ ~ 1f1!if vX4~$.Jb ~J:j-..f 

~#.Jlll!.#:o 

( 6) ~·· 
Ii ?'! 5.t;ff-TF ~ ' 1!! !if VA~ ..f ~#.Jll 13ZJ:. 7fj A it:kti<tt1-tJJl~ if- !ET 

1-tJJl ~ ~·JJlo !if vX1J!.JfJ f(A-t~ ( Si Ox) .. il1-t.l& ( SiNx) .. ~il1-t 

~ ( SiOxNy) ( x>y) ~~-~A-th!. ( SiNxOy) ( x>y) .. SOG ( ~~ 

--)JJlA~•l19;ff~~-·4~~119~&JJlo 

~A-~*1*-~*~,·~--~~~~~'f~~~~'*..EL* 
~~*~~~-~o~-T-•~•~•~•119-~~~mAf, •~~m 

1lt ~ l!lt ~ 5 l ~ 0 

[~~11tl2] 

l!..E -;,;taA Tli-~~1*-~* o 

!fl 1B~ -iF ~ '*'-~ aA ~ ~~11tl 119-/i'-11tl-f- ~.ft ifl 00 o ~ 00 lB 'f, 
lff.t!J:l:f;Fic:it~-TF#A, 20~-TF~•Jll .. 2s~-TF8%;fJl, 2sa~-iF~-~ 

~ML 25b~7F~-==-~~ML 26~-TF·~-' 26a~7F~--*~Jll, 26b 

~7F~..::.~%Jll, 27~-fF..f~#tJJl, 28~-fF·~··' 29~TF-lJ!IJ-%•o 

!if~~•%•zJ:.7fJAmr~~~-t~~~~••o 

12 

239



200680037580. 5 

1l.#AtJ:.-JfJA~~JJl20, * ll~~~JJl2ozJ:.-JfJA~ ~-25;fp 
~ % *1l26 o ~ ~ •2s lb~ -~ ~ JJl25a ~ ~- ..:::.~ % JJl25b ~ I: & JJl-JfJ A, * .il..Ufi ~-26d7. -~ $.iJJi26a~ •..:::.~ %JJl26b~ l:&Jll-Jfj.@to if v::J. 

1l.~ -~ %JJl25a;fp • ..:::.~ ~JJl25bZliJ A:f-~· -~ %Jll26a~ •..:::. 
~%Jfl26bZfa1-JfJ .J&.•;.*%JJlo .(f.il,f- %•2szJ:.-JfJA-f~1f,.JJl27jf-.li 
~~~JJl2ozJ:.-JfJA~%-26, ~-f*1*-JJl21zJ:.-JfJA:.tM-~~Jll28, * ll.(f..flt~~Jfl2szJ:.-JfJA.flt%:.tzl290 -~-29"iif-JfJ AJfJ ~ ~ ~:.tll~ 
~ %• ~~"i" t:, 1J!.~-~~Jfl28;f\:?-f*.iff..Jll27;f/t.:iiA 'E11JZliJ o 

l!_jl-j,JL~~~~o 

~T#A, lif~~m~~~~~1t~~~~~~~~~%- .. 
~ %~ .. -f*1*-JJl;f\:?.lNJ-%•. 

( 1 ) -t# A~J:. ~ ~~-
~#4 t~J:.-JfJ A~~~-;f\:?-~~~-~~m~~~-~·~ 

#J~.-m~;Jtift~~~•20. i17r, ~lifv:J.lt.it1&At:&ML 

( 2) ·~-JJl 

~~~~~m~~•~~- .. ~~~~- .. ~-~~·~~~~ 
•~ ~*"hi-11=~ .i.~A~~~••-JfJA•~~JJl2s. i17r, ~ifv:J.ll. 
if-&At:&JJl. 

( 3) ~-%-~J:.~~~JJl 

•~a~~~,~~-~-29~J:.7FjA•~~~JJl~~-~-~ 
&faJ~-·o lifv~1J!.msiOxAl. .. SiNxJDL SiONJll .. SiNOJJl .. SOG ( ift. 
~*->Jll~~-~~~~8&A~~~t:&Jll. 

~~•-f*1*-B*t,#AA~~~m•~~JJlA~~~~&-JfJ 

A~£&~~~M,~~-~~~·~~~#A;Jtift~-f~•&t, * il#•t1.~$ 1t. ~~~ %-~~ ~~~-~~1J!.m Al, lb Jl:~~~1~ 
~at~ 51 ~. 

[~~1'~3] 

~~4•-f~~-*~~~**'~t,1l.•~-~J:.-JfJA•~ 
~mt.A•~~~JJl~~-~-JJl,-JfJAA~AAf+~-~~--*~ 

13 

240



200680037580.5 

JUL 7fJ AJt. 'f ~~n~ ~p~ ~~ fr(J ZnOJJlf¥ 39 jft .::-..-* %Jll, t)!..J€;, jft 

-=--*%JJliliijtt-~~~~~J.JJ!-~~R-JfJ;Jk*ll.~-~%JJli!iii~ 

.::-..~itJ~~~] J.JJ!-:;ij" ~;Jk-Jf};Jk¥A1fJ~~ %~~~%~, * ll., -JfJ~ZnO 

-f~-ff.JJlo 

:fto 00 2AJiJf ffe ' 7fJ ~-% ~3 0 ;(f.# 41.tJ:. ~ ;tJt % ~ ~ Jl Jt 1if YA J.J 
10-200nmo 1if Jt/..i!il± 13lJfl ~~1ftl lrJf~ €r!J #*f--Jf} ll# Alo l!.Ji, 1.t.ffl 

JJt~#ao 

1if ¥/.. il ii CVD 4 ~ M 7fJ A 4 Jt 39 10-200nm ~ & + ~ 1-t ~ 
( SiOx) .. ft..1-t~ ( SiNx) .. ~l.1-l'.:i~ ( SiOxNy) ( x>y) ~ l.~1-l'.:i 
~ ( SiNxOy) ( x>y) ~ ~~J!l.2, ¥/..1% JI:.~~ 4f h\.# A1Yl1.f"ift ( ~ 2B) o 

1if 1tA ill iiJfl ~ rBf Jt.. il5 -t ~ Jl?.# A 1 €r!J-*-- iii 7fJ A~ ~J!l.2 o 1ftl-:hT , 
Pf 1-/.. ilit1Jt.JfJ 2.45GHz€r!J1kt~Jt?° .1. ~!Bf 11. •• -t, * .il15t~;Jt %-t !Bf 
Jt.J.Jl x 10 11,...,1x10 13/cm3*lL%-tilJtJ.J2eV~J!.1lto l!.ift~!Bf Jt•;l5 

-t-1!-~-~~~-~~~-~' *ll., ~-~~••-r-~-~~' 1if 
~7FJAro••-t~A€r!J~~J!.~~J!-~J!.~~~~~-Q 

Pf~..f£•-:hT&+~~~~~~1*-€r!J~~,&+l.~,~~~~~ 

~~~~~' ~1~*~~~~~~1*-~~~~~~~~~ilii~· 

Jt. • • -t ~ £ ~1-l'.:i# At €r!J-*-- iii o ..(£ 1.tJfl JJ.t~# A 1f J.J t& it: ~ !Bf Jt. • • 
-t~~~-~#A1~1t~~,f¥J.J..f£#At~-*--~~J:.*JA~ft.~

JJl,1if~7FJA&-t-~~~1fJ.J~~A~~~~JJl201if~ilii~Jflilii 

••-tcvn~~~-JJl~J:.*-JfJA~~•JJlA~~~~JJl~f +& 
jft.7fJ A~~nl.20 

J111--, 1if vA ~1~~i!iiiJfl ~!Bf Jt• •-t ~~~JJl2~-*--iiJ:Z.J:.:iil 
ff- f\i 1-t 1fJ A f\i 1ti 4bJ JJl o 

iliiJfl~eJt.••-t~~-JfJA€r!Jft.~~-Pf~~-~~#A1~ 

.f"fto 
1i[vAilit1Jt.JfJ ~~1f~l.P.Jfffe~#*f-7FJA•%~3o l!.Ji, ilii1Jt.Jfl 

AlNd ( 4gfk) *"#~~M1fJ~AlNdJJl*¥fJt.~J.t~~;Jk-Jf};JkQ ~-T¥f 

&~JJ!.A~*-JfJ*,~M~~**'*ll.~M~~~A•~~o 

14 
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./f. 7t >Jt:.tM % ~3~~i1~#;t1 ~ ~~Jll2 ~ *- ii1 z!fi , .If.•% ~3 
.:t.J:.ili:i 1tJfl ~~ ~ CVD~ ~!-j-1fj AJl.Jl.73 10-200nm ~ -~~Jlls 
( f!l 2A;ft:t llJ 2 B ) o !if lrA ./f. .:1' .1-JJ. f" ~ 9-i ft? 1lt i.JL r it. ~ ~~ tiJ 7t >Jt ffe 

~;ft:t·~~Jll5~1fJ A-ffe•o ,{f.}aj--f--lNJ-lf!.:fJt.31J!.JfJ AIJJl~ 1lti.JL T, ~,ff. 

~~.B.TJfJ~•~•Jllsatl", ./f.-~ 1lt»Lr?!!..lf-;i& (hillock) o 151~, 

1/G:tt.~, ./f.soo0c~3l 1it .. 1t:t&3so0c~3l 1it~11&.ill r1fJ AJJlo 
iif lrA ill! 1J!.Jf] ~ ~11U .P1f ;F ~ #;Jf1fJ A•~••s o l!..E, 1fJ Aft 

1-ei#i.mt o ii. I;, ./f. ir~ -r ~ m- oo t ~ 1!$.~~Jll2 o 

,t£.-lM-~•JJls.J:.7f} Jllt,Jl..Ji_;)J 10-200nm~ JfJ T ~ %~*1~ lf!.:fJl~ 
•--t%Jll6o iiflrAi@.it.11!.JfJ ~~1J~l?Jf;F~#*f7f}~---t%Jll6o l!. 
JfL, 13lJfJ AINi ( 4g4t..) Jll~AlNdJJlo iif lrA ii.it1Jt.Jfl AlNife# a.AINd 
~#~~M1fJ~•--t%JJl6o./f.1fJA•M•JJtsz!f;, iif~./f..:1'.1-Jl 

f" ~~~·It 1>L r it~ 1fJ A•-~% Jll6 o 
./f.•--t%JJl6.J:.1fJ~Jl.J.t:h10-2oonm~•..:::-t%JJl7 ( !fl2C) o 

iif~ili:i~Jfl~~~1~~~#*1fJA7ol!.I,~JfJ~t•~·~M 

~Ga~~Jt~ZnO ( ftAt'At) o l!l~, iiff1'~l~l,;~,tf.-..:::-t%JJl7 

~ /f2 if11fj A :h -f -t-1*-~~Zn 0 JJl Z fa] ? !!.. ~ 11.BJ:~ ~ o iif lrA ii ii 1Jt.Jfl ~ 

M*J A• ..:::-t % JJl 7 0 17~ ~t:f' ~ -t ~~Al~ Ga iif lrA 1tJfl lrA r ~ -j;" *: 
1Jt. )fl ~ t )$. Jhz 1~10 ~ :i" 0/o ~Al~ Ga~ ZnO .fe # ~ ~ M; ~ ./f. 
200":'300°cr ./f.ZnO.fe# J:.~~Al~Ga~ Jt ~ ~M 0 

~1fJA•--t%&6z!fi, iif~./f..:1'••f"~9.i~ltot-rit•*J 

A•..:::-t%&7o~~,iif~./f.~··f"~~~lt»Lrit·~~~•M 

•JJtsJtl ~ ..:::-t % JJl 1~1fJ Ao 
./f. ·-~ % JJl6~ ~ ..:::-t % JJl 7Zfa]1fJ AJl. J.t:h 10~200nm ~ •-=.. 

~ %JJl8 ( lll 2D) o ~~ % F.H.1~•*1J~i:i$ t ~ ~~~~.B.Ji../f.jft-~ 
%JJl6~jjt ..:::~ %JJl1zfaJ 1~ ~ Jt.?hz o -f!!.Jt., ilii*J Ajft -=..~%.Ills, iif 
~ 1l' jjt--t%JJl6 ~ •..:::~Tt!,Jll7zfa] #J~~ % FJI.o iifi-Aili:i1Jt.Jfl it~ 
ilii~M-~1fJA~TiJJl~1:-£JJl1fJA•-=..-*"%JJlso 

,tf.lft..:::~ %JJl1z.J:.1fJ ~7'G~JJit~~9, * 1l•..:::~%Jll1;fit'ti~J 
15 
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( !il3A~~3B) o ..(:E.1J!.JfJ)K-tij:t]~ 1Jti.5Lr, 1tJfJ1f1]-1<oHF:NH4F ("j:-f: 

~ti) =1:100~1:10a{J~~~-ifa{J~,.. ( J\:.'f )i;~~1HF ( ~,..) 
~ NH4F ( ,.1-t-l\ ) ) o 

..(:E.~JfJ-f~*a{Jlt~r,1i]""~*JfJ~JfJC~~1*-a{J~~~-·· 
-=f-tij:t] 0 

-(!. ~ .::. .!f- % JJl 1.:t. r 7fJ J&. ~ -.lf- % JJl 6 o l1ll JJt , ~ ~ .::.* % JJl 1~ 
~~~,~-.!f-~JJl6JfJ~-ti*~±&o~Jlt,~~*~1i]""~..(:E.~a~ 

-~•Mtsa{f 1Jt»L r7fJA~ %~~~ %~o 
~ ~.::.~%Mt7;fi:~j:t] ~' •-.!f-%Mt6a{J-~~*~~j:!J 0 ~,t_, 

~T~*--.!f-%Mt6~~*~ti,M•M•&~a,.JltS~~-~ 

~~~-ti~J--*%Jll6o 

fl,.$' iiit1tlfl J'G~l&.tt-~9-tii'l ~-4}%Jll61fJ ;~Jl t\1~10~~ 
ta ~ 11 c m 3 c ) 0 .-t£-*'-~ lJJl ~ , Ii. :tt 1.t ro y~ 11 ~ il ~J JBt a{J £ JJ *'l a{J 
TMAH ( 'i!J1 \f1 £~~1tAit-) ~1\.*-a{J;ff;fJL~~~~~J~-.!f-%Jll6o 

..(!.~ T - -* t\1Jil61.t.JfJ AlNiJil * Jl}t.j-T ~ii] ~)f}..1t.JfJ TMAH ~ 
1lt»L r' .-(£30°Cr~~J:i!. .. ~ ~300nm/mino .n-::tii' 1tJfl J:.~# 
# ~ jft .::..!f- ta Jll 7 ~ ;fl-~t:t-Jll5 ~it TMAH -ti~] o • Jlt, 1iJ"" vA ..(!. ~.tM 1~ 

•~•&sa{J·Jt»L r7fJA~ %~10~~~~1L * Jl, tb*?fJ*~ ~.::. 
-lf-~JlllOb~llblfJ.R.. ~ ~~~ 1J' o ..(:E.-*-2t_a)1 ~, li]""vAli..it1J!.Jfl z!l ..(:E.~ 
1.tm # Jt.a{f-ti~J ~~~ ·Jt»L r?fJ J&.J'Gj:!J &4t-:fl~1tm ~ £-1J1l1J -tii'J ~ 

-.lf- % Jll6 0 !El Jlt ' J&.4'-~1it * Jljt lfi34' 7W 0 

..(:E.7FJ A~ t\1~10~~ ta~11~Jfi, iG~JJJi;f/t-~9it-!--~ o 

..(!.~ ta~10~ ~ %~11~•~•Jlls~J:.i!it~M1fJ AlfJ.t;LJ 
20,..,200nm ff? ZnOJll~ ~ -f-lf-1*-Jll12 ( IJ) 3D ) . {f~ ~, '"ii]"" YA ~200,..,300°C 

r ii.:i±1tlfl Zn0-¥5# ~ ~~/.IL ~a? ~it-f: ~ti~ 30-20ir? ~M7fJ AJllo 
lf!:i:tJ'G~] ::t*~iil-f.!f-1*-Jll12vA 1f} ~tf,;J}(?f};jk~-f.!f-#-Jlll3 ( ~ 

4A)o iif~*Jfl~Jfl•if~~,..ir?Z-ti~~*~~JfJC~~1*-ff!J~ 

~ -}f- 1t1. -f ~ill ;t * 0 

..(:E.-f.!f-1*-Jll12~jft.::..!f- ~JJl.lOb~llb 'f ii 'f 1tJfJ ZnO, * JL, * 
16 
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vAR-tfJt.~a!J1!~J:i&~1r.lo 11!,l, rh-=t-:l->Jt~ ~-t~#-Mt.12.fi.~~

~?}-tf 1FJ µ~J~..::.~ ~J1l7, ~ ~ 1i[vA~11•J-jo5J ~~?)--~ -1' ~-f~#-Jll12 

.ti~~-~ 7} tf ~ ~J ~ ..::.~ ~ JJl 7 0 ~ J:. !!. ~ 1:!lt~J ~ * tf ' ~ ..::.~ ~ J1l 
10b~llb""iif~1!~J, 1!!~-~~Jlltoa~lla.1'~~~L ~ Jl:h, ~-~ 

~JlllOa~llalfl 1f 51 t!t, * JL~-f~1*-B14fr!J ~i!Ai~JU1*.iiE.o 
i!itCVD~ ~M ~-f ~1*.JJl13~J:.1FJ AJJ.J.l.;lJ 50nm-1µm ~ M 

~Jllt4 ( 004B) o ""iifvA1FJA~-t-hi1'FJlJ.i.~A7i'"~M•JJl1f;lJ~~JJl 
140 iifvA~ ~-t-hia!J~·JJl~J::&j:;ff$L~JUVJl~ o M~JJlt4JfJ 1f-t 
;f:e1t.Jll~#,1t.Jllo rb {-~~ %tl.1o;pmi tlttl.11 r*J ~~Al, !1i1 ~ ~ ,.(f.itj 

~r1FJA~~JJl14af~~?!:lft-~o 151~, 1/L:i&~, ,.ff.soo 0c~J!.1lt~ 

1/r..l&350°C~ ~ 1!&i ~ 1i&ii& "F 1fJ J1)t o 

..(f.M.JJl14 tf:'.JFJA.ti~.:fL, * Jl, ~;ff *~ii..l.~-lM-%*1l3~ ~ 

~:tJ.ll0*2~ ~-11.ti-~ ~ ~ %JJlo 
--~L~,..(f.;r;:•••M•JJta!Jtt~rMA-f~•B*o~JlJ 

it~AINiJJl~Al~*JJl1f JlJ ~-~ ~Jll, rb ~~JJ\!Alt % l!B.a!J 51 ~o 
[~~11•]4] 

~i,~~~--f~~·*~~~~*'~tf,~~~~-~~ 
J\At.~JJlJ:.1FJ AAIJ1l~Al4'--*Jll1f ;lJ ~-~%ml,* Jl1FJ AJt. 'f ~:hlin 
~~p~~Jla!JZnOJJlff JlJ ~..::.~tt!,Jll, f&J€;, ~..::.~tt!,JJli!it~ -~ 

~~AJlJ~~~**J*, ~-~%JJl~it~..::.~~1FJAJlJ~~~*1FJ 
~vA~A~ %*1l*2~~*1,t, 1FJAZnO-f~1*-Jll, ~A-lM-M~JDL .Jf-.JI.. 
1FJA•%tt.o~S,~Jfl~,~~~~1~9='~~~#*~~~~*1if 

~Jt..am -r-~~~11~ 0 

~ 00 5Ar.JT-TF, i!l±.CVD~~MvA 10---'200nm~.l!-.J.l.~# A1ie..J:.1FJ 
A.~At.~ ( SiOx) JJlf'FJlJM•J1l200 M•JJl20JWJ.1:.~Jl~hl#Jl11JliJ 

4f"1lto 
~M•JJtzo~J:.ilit~M ~~fl*} AJ.!-.J.l.JlJ 10-2oonm ~ Jfl -=t ~ 

%~~~ %~~ ~-~%J1l2L iifvA11t.)f] it--l<P..tf.~~1f~l 1f ffe ti:: ~AINi 
( 4g~) JJl a!J AI4'--*Jllff JlJ ~ -~ %nt21.. ~ 1fJ AM•JJl2o~J€;, ""iif 

17 
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YA 11- ;r;: ..J.JJ. -r-~ ~ ~ 1tt UL r ii~ 1fJ A• --!t-~ Jll21 • 
..tf.jjt--*" ~Jll21J:.ilii~M1fJ AJl.Jt..:h 10~200nm~ jjt ..:::.-!t-%.Jll 

22 ( l!J SA ) o 1f;); jjt ..:::.-!t-~ Jll22, if YA 11!.Jfl Jt tf ~ ~ B ( -Wl ) .. Al( 4& ) .. 
Ga ( ¢) .. P ( 1iJlf) AAs ( .;; ) ~{l(Jp~~n~~;t{l(Jzno ( _ftAt4¥") o 

11-1fJ A jjt --*" $.. Jll21.:t.J&- , 1iJ'" 11- ;r;: ll.ii. f-~ ~ ~ 1lt UL r ii~ 1fJ A jjt ..:::. 
~~Jll220 ~ Jit, fiJ'"y::J.11-=1'•4-t~~~'ltUL ri!~ ~~1fJA~~Jll 

20.ftl. -==--!t- % Jll.22 ~ ffe ~ 0 

;); T ~ 1J' ~ --* % Jll21 ~ jjt ..:::. -!t-~ Jll2 2 :.t. fa] {1(J ;Ji fg!k ~ l!fl , iiJ"" 1-A .?!. 
jjt--!f- ~Jll21~ ~ ..:::.-!f- ~Jll22.:t.1fl] ilii~M1fJ All.lt..:h 10,..,200nm ~ 

it~TiJll~1t-£Jll1f;); ~-=--*~Jll23 ( l!J5B) o 

11-~ ..:::.-!f-~ JJl 22:.t.J:.1fJ A 7'G.iiJ J&. :Jt-;fl24 , * JL-tk .iiJ ~ ..:::.~ ~ JJl 2 2 

C005C)o1f:h~~~*,1iJ'"~*Jfl~Jfl·~~&~-~~~~A~ 

Jfl CH4~#-~-tltStiiJ ~*o 
,.ff. jjt ..::. ~ ~ Jll2 2:.t. r -JfJ A jjt --:f-~ JJl2 L 1151 ~ , ~ jjt ..:::.-t ~ JJl2 2 

~ ltStii] at' • -~ ~ Jll21Jfl .ff ltSt.WJ l!fl.J.I:.~. ll5l lit' 1iJ'" YA,.ff. ;f:iiitltStiiJ 

~~JJl20Ji.~#~1~ 1lt UL r 1fJ ~ ~ ~ ifll~ ~ ~ ifll o 
~ • ..:::.-!f-~ JJl2 2~.t ~ .W) at ' ~ --:r-~ Jll21~-~~1iJ'" ~.t ltSt .ii] 0 )i. 

i;, :ku*-?1f;ff ~ jjt--!t- ~Jll21~.tltStiil, 1' ~ ~~mt2o~t.ltStiil * JL# Att 
~Ji.~, ~~-*"~..tf.#Attf ~~~~Jt~~~o 

~ -~ %JJl21;f.tltSt.Wl YA-Jf} A~ %*1!.25~~ ~*1l26 ( (!} 5D) • .ff;); . 

ltSt~~*' *Jfl~Jfl.:7'G~a~AWMTMAH~~ltSt~. 1151~,iif~~ 

;r;: ~ .WJ ~~Jll20~ 1ltULr1fJ A~ "-6 tll.25;fi:t UfJ ~ tll.26. * lL, d1 -T Zn o 

Jll ;f: ~~Jk. TMAH ltSt ii] , folj" J.-::J. ilJ ;!k-Jf} ;!k ~ • ..:::.-!f-~ Jll25b~26b ~ R... -.j- ;f: 

~~ ,J, o P]""i-::J.,f!.;f:;r.f •--!f- %JJl211tJfl #~~ltStii] ~~~ 1lt UL r Jfl ,.ff. 

7'GiiJ a:Jt-~ ~ 1fJ A tf 1tlfl {J(i A JJ ?l~ it.frltSt :iiJ , ~ ~ ~A*-~11t;fi:t 3lt4t 
4>l~o 

~1fj .st~ %*1!.25~ ii %*1!.263'.l&"' -!-~JG.ii] Jli.:lt-.24 • 
..ff.~ "-6 *-12s.. ~ ~ ;tJL26;fi:t ~~JJl.20.:t.J:.iiii ~M 1fJ ~J¥-Jt.. J!J 

20,...,zoonm {J(i ZnOJJl.ff J!J ..f~#-Jll27 ( l!J 6A) o 

18 
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l!ii7t~l ~*~~]-f~1*-JJl27fJ. ~Jfiltth*--JfJ*--f-!f-1*-JJl27 0 ff jJ 

~~**'Pf~*m~m•~~~~-~m~~A~mc~~~~1-

-ti~l**· 
%t-t-f~1*-JJl27~1jt..::..~~JJl2sb~26bil ~1.tlfl ZnO, *JI.., '1t 

~a3a~~~~~-~.~~,•-tPf~~A~3~~~~-~-~ 
~ t,. tf7-JfJfilt~..::..~~JJl22, ~ ~iifl-A~~~-f~#-JJl27.?i~~~-j} 

# ~tl ~~~I ~ ~ -j} tf7 ~ ~l ~ ..::..-!f-~ JJl. 
~-f ~1*-JJl27~J:.ill±CVDA ~M-JfJ AJlJ.t.ji 10-200nm ~ -~ 

••zs < m 6B) o -f~~Jll21Pf t&.1C~J:.l!.~ ~A1f~ if~ m ~ ~ wr J.t. 
·-~~-~-JfJA•M•mt.Pf~~-~~·~~~~~~#-~~A, 
~·~~ .. ~~~~~~~~~A~&•~~~ff~~~~~A~il 
1~~a rill±~ !Bf Jt. • ~ ~~•il1~-f-!f-~JJl21~~ifl. 

Pf J-A ii.ii 11!..Jfl 1fd :Ito .$L1ti4JJl.. ~~1~4,IJl.. ~1ti4JJl~ il~1~4 

JJl~ ~•14:1f ji ..i.*.@t-j}~~"-Jll-JfJA.tM-~•JJt280 JJ 7r, ~Pf i-A;t 

... ~~j:J.a-JJl . 
..t£•M•JJt2s~J:.-JfJ.@t.tffl-~•29 ( 006B) • P[i-Ali.:ii1.tm J:.l!.~ 

~~1f~rlfi1'~##-JfJ~.tM-~•29, -Jf-ll ~Pfi-:J.~_._J.a-A &•~-t-A~ 
j$~~~JJl.ffjJm-t~JJl~~*,Pf~~Jfl~~~CVD~MA~ 

fl.~ . n-t m Jt~l ~ * ¥t-*l-~ •2 9 ~ n?.~ i, *- -JfJ *, Pf .-:1.1.tm 1--ti ~l 

Am~.iil~*· 
..(£.. ~ ~ 29 ~. ~ •JJl 28 ~J:. ii l±CVD A~ M-JfJ All J.t. jJ 

50nm,.,,1µm~~"-Jll30 ( !il6C) . Pfi-:J.il:ii-f.tm &•4~~·Jll-JfJ~ 

~-JJl30o P[i-:J...(£ &•4~~·JJl~J:.~l:;ff":.fJL~n~JJt•. ~·JJl30 
Jflff-f-~.!.1~JJlA-tt1~JJl. w-T~• ~~2s~~t,•26tf e.i•Al, ~~' 
~ ~ ~ jj[ r*J ~•~•JJl2s .. •~tl29~~•Jll3oat, 1~ ~;: 1-l'k~ 
(hillock) • ~ ~' 11l~~' ~soo0cA~{~ .. 11Gi&350°CA~1Jt~1Jt 

5j[ r -JfJ A 'b 111 . 
:{to J:. rlf l!. , -4'-~ ~ !if ~ .i1:. !# Jff tb -t # Jt 1 ~ Jt. m i1i1 ~ft. if :{to AlN i 

JJl~Al.,g..~)Jl:fltJfl ff~ -~~JJl, tb ~~JJt~l ~ ~1it ~ f.H.. 

19 
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[~~1?~5] 

l!.Jf. ~}Hl 1JJ SA~ 00 SB ¥A am 9A~ 00 9BiJL a.Jl ii.Ji 11!.Jfl ~~1?~ 1~3 
~ffe~A•-f~1*-~14~~~A£ffe~~~*o a~, ~Jfl~,~~ 

ffi}f] ,,(f.~~1?~2~4 'f ffe th ~"JJl.lJllt-f~{f.~-#- o 00 8A~IJJ 9A;ffe.ffe* 00 
SB 'f #J ~X-Y1:1Jlf5t.~~ ifJ 00 o 

,,(f.JJt~# A}h ~*I-# ~t.:t.J:.1fJ A.lJllJ-*1l ~l ~4o~~l1J/ ~.$:.~ ~l ~ 
4L :illi~-M~.lii"i!li b~~ JG.ill ;t*~~lltJ?fj .@tAINdJDL 

:illi~Jfl:illicvn}h•M1fJA~~%4&A•~~4&1fJA• 

~~Jll42a 

.,f!.;fM-~~JJl.42.:t..J:.i!it~M*J AAINiJllff 1J ~ -~ ~JDL ~ -~ 
~Jll,,(f.Jii-iiJ1fjfilt8 ~~45a .. ~~~46a~~-~1 ~47o 

.#.•-*~JJl~J:.illi~M1fJ.lilt-it- 1f ~/WAl~ZnO ( f\i1-tAt) JJl 
1f ;iJ ~ ..::.-!f-~·a ~..::.-if- ~Jll,,(f.Jii- w1fJ A8 ~tt.4sb .. Ui ~l.!l46b~$r. 

a~I ~47o 

.#.•..::.*~•coot~ffe~).:t.J:.,~~A;lJa~•~~ .. •~ 
*2t ~1},fµ8:fJt~J ~~?)-~ g_ ~ t *} ,Stj(.ji] JJ§!.~#t ~){2' 't3t.iiJ ~ ..::.* 
% JJl o J!.J[, :iltl 11!.Jfl ~if~ ft. "4~.flp HF:NH4F=l: 100 ( "t:° :f: ~ti ) ~ 
~ ){l_l!.-1t 't3t llt J 0 

;&.Iii", illi1.tJfl TMAH~){l_~.iil ~--if- ~JJll-;1. 7f} A8 %*2l.45a .. 
• ~~46a,fµ·~~J ~47 o Jl;t$, JG.il]JJ§!.~;fl~-:i;~ o ~)ii", ~v:J. .,(£.1' 

:t.9i1171M-~~JJl42~ 1lt»L r1FJA8 ~:fJl.45 .. -~·46;F~*1t~I ~47 o Ji 
;f-, li:Ji""ZnOJJl~~TMAHl&!.iiJ, J!l.J1;t1fi;Jk*J;Jk~~..::.~~·~.R..-.j

~~~'J' o -#-Jl, li:J-f" AlNiJlllJk.Jf] i-~--*~Jll, J!l»t8•~l ~~ ~ 

fJl~~'J'o 

f&Jii"' 1fJ A-f*{f.Jll.48o ill±~-M-1fJ AZnOJJl' ~)ii"' ilJtJf..,iiJ 
;t*;Fl&!.iJJM.ZnOJJl-JF} A-f~{f.Jll48o 1f ;iJl&!iJJ' ?ltJfl 1Jt.Jfl ~if~~ 
li•~ i~'t3t.iiL l!.£, li1 i- .,f!.~.@t;iJ ~l ~~~1}1f *J A~ -~~JDL 
~ M:i~ ..::..!f-~• 'f ~ ~ i:j-f ~{f.Jll48~14!k ~~?}~:flt~?)--!-~ 0 

.,f!.-f-!f-1*-Jll48.:t.J:.:i!.:i±CVD .. •M~~lt~1fJA~~JJl49o ~y;J. 

20 
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a:i±~m·~~·~#JM··~~~~--·~~AJll1fJAM•• 
4 9 o M •& 4 9 iiJ"" 1-:.t Jl 11!. 4f ~ liJ ~ ;r::; ~ 5.J 1ti. .if- JY.1t lr!J JDt. o 

il:i±1tlfl :JG~l '7i"*:f'7-ti~l-Ji*~~-Jll49'f1fj Ail fa1 ~ ~~46 

~--~:f'7m-t•M~~B#J38~o 
ii. :i± ~M 1fJ A :il: aJl ~ ~ML fl&;€; , ii. :i± 11!.Jfl :JG ill -Ji * ;f'2-ti ill -JfJ A 

1i-t~~50a 1ftl~, ii]""1-:J.1tmITO (fi.At~.cf};) .. ITSO (~·~1th! 

frfJ -~At4El~) ~IZO ( ~1t4El4¥") a 

~,&.M~ ~~lit if.: a~ 1rt 01 r , -+¥ 1v lt a}] ~ ~ ~ ;f}1~, 1fJ A it~ 
Ag ( ~ ) .. Au ( ~ ) .. Cu ( ~ ) .. W ( ~ ) ~Al ( 4g ) #J ,&.}l~ £ 
#;fto 

1i-t ~ ~50~ • WJ ~~-~I ~41~t:ft!J~71"--JfJ Alt th 1~ -t ~~so .. 
.fliM.JJl42;f\7tit!WJ~~-~l ~411fJA(J(J4il"M~~-100 ( IIJ8A~OO 
8B) o 

~~1 ~~~~ 'f' 71{ ~~7}~~ltfk~#J~7)--alJ !ff Pf:f.t-f-nt1t~ 
~OOoPT~iia~m*m~~~~lll*M~frfiil~~oo~~m~~ft!J 
fff~?fJ~o~*•~r~#J~Ao ~~~~m••-t-~~-titi~,ii]"" 
1-:J.ii:i±~~ ~ti:: ~7t-*-4i:r"*1J d7 -t.Jf-'fjl ~ (discharge) ~ft#J m•-t
~?~. ~~?~~•-t-,~PT~~~~~~~--t-~~J:.S*, * 
Jl iiJ""li:i±~~l!!1~~~7}¥f-M:lfj.-=fifu-:ko ~~' Pf1-:J.fft/}{:-$tllt.:i±:f1- 'f 
~~--t-~~~~M-, *JLPTA~?•a 

7TJ $)f~.fal Jll51, i-:J.11!.~.fi.1£. 1i-t %~50a il:i±>fl~Mr:6t-7i"*~ ~p 
M•-JfjJlit~foJJllo~-JTJA~foJJll~Jf;, ~ff*•o 

il :i± 11!.Jfl :i- @.. ffi. ;fl:i :JGAt ~ffi. L~ ~ f~ ) 1fJ A~ ~ Jt ss, * 11, ~ 
;;fmzj-# lt56J:.1fJ A~4P~it.JJl54a ~~4P~•&s4J:.1FJA:il:R}] ~~57 
*ll-JfjJlit~foJJJl53 ( 009A) o zj-~foJJll~ff"Jf.~1!!.o 

~;€;, il:i±~~MF;6l:ff *1FJ A~#*1J ~ ~'*'"oo *15 < oo 9B > a m 
ali:J\fill'*'"4h52~itd7 ~#*1J ~jjJ ~ g~ ( 009A) • 

~*~i:i\ ill'*'"4hs2~iii~ '~'*'"00 ~1s 'f ~J€;, ;;fm.5'f # As6;f\7~ 1f 1fJ 
A-f ~1f.. •*~#A 1 :f.t;;fm ~ l!J /t. a ~ ~Ji. it,~ i:J\ ~ll-*"41152 ~ ' ii]"" YA ~m 
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~T~·~~-:..(£#4tJ:.~I~~*o~~~-#OOt;*~~# 
A 56 ;fi:r # 4 t *a fi.J15 ~; ;,& !(;; , ii :ii~1J Jfl -ti~ 1f Jfl 5.i.A ~a\ o 

1f;};) ~Am~~ 52 ~ ~ lft~-A, PJ"" ~A 1J!.Jfl ~ lf'l ~-t-~ ~f.~•l J.A.:itA. 

M1JiJ~Jtl Jt~M1Jl~;fll *7 90°~TN#td\ .. FLC;fl"A~IPS#ts\~ D )i. f;, ~ 

•oot~OO~M~~~-~•~M,*A..(£ws«s\~lt~T~•* 
11}~0 

1il~Jt~l!JJtJtl*~~#As6;f'7~J:.if/1fJA 1-f-lf-#-B1+~#A1 

J:.o }j*,~~-~~*~~l!JJt~··o 
~~-:ii~--1fJM~1+41fJA*#A1fJA~~*M•#aii 

:ii..(£9#Mt~A-~~*•#~~#456;f'7~J:.ii11fJA1-f~~-

1+~#A1.=t..faJ ~Je• 0 J:.~~~*-M ~** ~*"~~EMvt~tn~ .. Jrt~.:IE. 
J1'j(... ~~.:IE. J1'j(. M.Jtii- ( polyimide amide ) a~~~ m~ t ~ .f.. ~Jr-~ 1f ;i!J 
~~A~~~~~R#*,A*~~~~~ .. ~~4~*°~~~~~ 
t~-#~~~#~, £*~m~*&a1fJAo 

?,&!(;;, iii±.1J!.Jfl f:J~~~t~*FPC ( *'ti~PJil1J%~) Jili!i~Jtl#A 

1 J:. , 11!. .ff~~ .)t 1h£. ~ ~ & ;fK .:}fi A.ft. fa] o 

lif i-A..(£# A.=t...l:. -1fJ A;r 121.!JI! #J ~~o ..(£ 00 9B t ~ ~ 7F1Jtl •ti-t tiJ 

..(£ * .flt~~-1FJ A~# A.6t.=t..J:.1fJA;fJ{l}-•51 t\t!l!!#J%~62 .. ~lll3l 
t\t!ll! -;ji % 463;p ~ ~ ~ r.f ~ ~"-64 o ;fJ{l}-ifbl ~I ~ 130C #J ~ 462.f. !.Y" di jf§-fi_ * 
4i-B62a;f'7~if &62b.#.JAo ~-51 ~13![7;/J %ff:3.63.f..!.Y" dJjf§tit-4B 
63a .. ~if B63b;f'7~ii:ii~jj~68#*-~;;fJiljjft-ti11.ft'*'-#~:fl~~* 

~69.#.J Ao M.•• 51 ~JJOC #J %1:3-62Jt 1if1~§-+••51~12-(f.*" ~ ~~.$
~7'-64 t*mIL-t.fi"~f.?1J o M.~•51 ~llOC#J ~ff:3.63Ji!.1t~ j *il~•~I ~ 

71 ~--51~72.iE.3t..f4f.9rL JJ;r, ~JJJJ~~B5l~73~.fJl-51~12-t 
~~f.§rJ o Ji ;f', -f-lf-1*-B#-65 .. ~JL~7}66~~JlJJ ~~367~.t:il.I..(f. 

~.t-*1!.51 ~72, ~*1!.51 ~11;p$lJJ1JJ %~~51 ~73~111~g~t0 

... 51 ~l}![#J ~1:3-62 .. ~~51 ~.!l![#J ~463;f\:l;fl~~**69~;ff il 
:it~ f-~#-B14-65*m M ~-ffiiJit:;;t*~JAvA~~ ~1~~~.#.J~-f~1*-B 
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~..f~1*-&1f65tf' •ti~ ~••11 ~72i!.tl,. *..EL~ ti•~~ 
-~J ~ 71i!-tlo iii±~~ -f~1*-&ff65~ ~ ~-J!..fl~{f--!- ti-~~ 
*fl~#Jl\~J:.~;fm~ti-~lffJ 5JA*~#~JLAt~~}fla~~~66o ~ 

JJ)J ti~&51~73~-Jt.;ff ~*fl~ti~Am ~~%iii:.~ ~~i!.flo 

~J:.~~~AAffe&4',•M•&~~~M,*lL#~~*£~ 

~-~' ~~~--~~1if#~o~~m~•-f~~&1f~lt~r, 
·-#A~ai:t~m~~~~- .. ~~~-A~~~~-~~·~~ 
M,~~-~~~·~~~#A~•~-f~~&4',*A#~~*~ 

1~, rh~1if~-·~~1i[#•r.£o 

~f-~ %~~~~*1l~-.JjS~13't.JfJAI, rh~~a1t~ FllQ(J ~l ~o 

[~~{f~6] 

i!..Jl~fflt 00 lOA~ 00lOBfJ.hl!il11A~ IJ:l 11BiJf}1A li.i:t13't.Jfl ~~{f~ 

l~fflffe~A•-f~•&1fM~L~&1f~**·~S,~m~,1if~ 

t-Lm ~~1fd2~4WJ-f-*"1*-&1f. 
~-T J:.~~ ~~{f~W)iJtaJl-ifi1j~-f~#-.S.'ft, * Jl.~~ftl IJ:l lOAJiJf 

ffe~~-~~A. ~-, ~J:.~~~~~~~~~~rh~~~*lil* 

i"l*-ffe 0 

~ELA i1'&tf' 1ti: ~~50JfJ #Fa•~ m *1l. #1;] m-t1t-!- ~ 
*1l50~#;fl-, 1ifv1'1J!.Jfl v1' r~#,pj-: it"~~ (Al) .. $~( Ag) .. ~( Au) .. 
~ (Pt) .. ~ (Ni) .. ~ ( W) .. ~ (Cr) .. .m (Mo) .. ~ (Fe) .. 

~ ( Co ) .. 4W ( Cu ) .. 4B ( Pd ) .. ~ ( Li ) .. *' ( Cs ) .. 4l: ( Mg ) .. 

~(Ca) .. ~(Sr) ~4,t (Ti) ~~$.i-:t-£; it-~-tg~ (Al-Si) .. ~ 

4t. (Al-Ti) ~~~~ (Al-Si-Cu) ~'*'-:t-; it"~ft.A~.tt ( TiN) ~-:t

£#*f-~ ~1~4h; it":kuITO .. -*"~~ITO~IZ0~1t£1~'*'4h· 
~~~li.i:t~m~~~~~-~~~tf~~~EL~LM~~~ 

~-'*ll,1if~~JfJ-~ITO .. -*"~WJIToAno~-:t-£~~4h~hl 
it"~ Al~Ag~ 1t £ ~ ~f ~ f{. ~ Jll. 

~~~1t--t~•so;fm~~ ti•~~LM~at, 1ifv1'~-t1t--t $.i;fll 
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501tJfl ~.J.tltM#;ft ( Al~Ag~) o ,(£.;f..~~1'~ 1f, ITSO ( flp.j-~'*° 

$!~ITO) ;f.t}f] ff1i-t ~All.SO ( ~ lOA) o 

~Jf;,7FJ~·~~Jfl~~#~A~~#*l-7FJ~~~~-~~~a 

~ ~~J!l49~1i-t ~•so o ?J\ ff; , ~l!! ~~•VA~~~ m 1#. -t ~•so, 
it JJ;t 7f} ,~Jii ~ 118 L ff ;lJ 1% ~ 1181 #J #;ft, 1JG l&Jt~ #J ;ff ~#;ft ( it 
-jnp.:j~~~R~~~~ilE.~) o ff;l}"if1~:ff·, ~tifi-X1J:.Jfl~fJt~#J;$f 

ifJL#*l-A~~#*l-o *A,tif~-i±~~*·~~~A~~4#J~~ 

~;Ft A ~;ft-ft »h -r ~-1l1J 7}-flt-f" 1% ~ .§t st #J #*I-1f #J :ff ii... ;Jf 1% ~ 1£ s 1 

_.. ~A.1t ~' M.m1~1% ~ 1£s1Jfl ff .1t~~~o ;$-~!% ~ 1£s1Jt.;$rif!7FJ7FJ 
;Jk, * 1LftiJ~1f._j-~-#J~~~ifJ8laJ!-.iff:i!:~?A:.1-t~~ifs. ( ~lOB). 

?&/f3, 7fJ A ~-t-LJt4nJ9f S!J &s2, * 1L7fJ Aa• ~*LJt4n J9f S!J 
&82~*J§l*~iflt.83o ~If;' tif vAiJiillt.~.-t-LJC.411..t ~ &82~.ifiA1t-t 
%•so~;i:ro* ~•s3z1'al #J LJt;;t-#-, -#-1L tif :ii.i±,(£.;;f~n ~•s3?f\:t1t 
-l- %•so~fil ~:hr:r ~J.liR~ ie.LM o 

ff ;tJ Jfl -r 7fJ A;;tm * ~ •s3 ~ % •# :iJ1- , lif 1J:.Jfl J:j tif Jfl -r 1f.. -l- % *11. 
~#*l-A~#J#*l-01!-;f..~-~'f,*-f"·~~-~JflC. 

ii.i:t~4Jt. .. ~.J:~ .. ~~ .. ~~ .. ~~if.../t* (roll-to-roll method) 

~~M~*JA~*LJt4nJ9fS!i&s2. 

,(£.~~ ~ ~LJtli 7F 3 ~'It Qt r, ~*Lit4h J9f #J &82tif i-A Jl~ 
~J!.*~**• .. ~*ft.A.. .. ~~**' %~~AAL~S!J~nS!J& 
~*&&A•&#JL~&.~~~-*"L~4nJ9f~&,~~~ffl~if;L~ 

~*1 S!J if & ~ t: & Mt. 
,(£~-~~**•&~~~I~*ftA&.ff;lJ~*~A&,lif 

i-1'11!.Jfl *iflL1~~4h?f\:t~ ,£.f\A~4h 6!J iit.1;--& o 3!.IW .11:. lil-f" 1!-1i-t ~•so 
~~~i7FJA#J~~~~~•1!-~-~~~i~**4h~-t£.•-t~• 
50~;;fmn~.tll83~fa1 ill m~~. ilf.~&S!JJfll.1JGJ&;lJ60nm~~.J.!-, ~ 
1fL l& 12 Onm A ~].!- o lil -f" >Jl)J. #J ~ :hJ:r ~ ~ 3ii. !Jl[ #J % J.li #J ~ :hJ:r , ~ Jl;l::. , 

lif~l&*&.J.!-,~*~~7}··~~~~~~·-J1f#JW~. -~, 
,(f.a~;f..L~~~~LJtB*'f, ~~~~~, *AS~~J.li~~~ 

24 

251



200680037580. 5 

~~ jJi:r 0 

ff.7'v~£-~At4h, 11L~J!Jiiat-t-£a<Jfl1t4h~.i.1t4h, J!-~m71", 

1/L~Yv~~- .. ~~* .. ~~~ .. ~~- .. ~~- .. ~~- .. ~~- .. 
~1t~ .. ~At<tk. .... 1t~~$1At~o 

ff Yv ;W *JL1t~4h, 1iJ"" i.-:J.13t.Jfl i.-:J. r ~ ;W *1ti1t"*'"4h: it"-](u4,4'-.:::. [N-

( 1-t:.i.) -N-:1it£.-.i\.£.]- *-jjt ( NPB) .. 4,4'-.=:.[N- ( 3- 'f1 jjt.£.) -N

jjt.£.-i\J;.]-Jfkjjt( TPD ) .. 4,4',4"-.=:.(N,N-*:tit.--i\£)-;..jjt~( TDATA ) .. 

4,4',4"-.E.. [(N-(3- lf jjt.£.)-N-*-.l.--i\i£.]-..S.jjt~ ( MTDATA) .. 4,4'-.:::. 

(N-4(N,N-.:::. fa11f1 jjti\~)jjt~)-N-jjt-i\i~)JJ*.jjt ( DNTPD) .. 1,3,5-.=:. 

[N,N-.:::.(la] 1f 1it£.) i\~]jjt ( m-MTDAB) ~4,4',4"-..S.(N-~~~) E.. 

jjt)Ji ( TCT A ) ~ J!-;t * ~.l.. a<i ~ *1L#;ft-' ~... ( ~r~: H2Pc ) .. ~ 
~-f- ( ~ ~: CuPc) ~4Jt. ... J~k-f- ( ~ ~: VOPc) ~ o 

~~-~L~&~M,~·~~I~RttA&~~~RttA&~ 

L~&~M~I~R#•&o•ii~JflJ!-~~~~~R#•*•a<J&, 
11~~' ilii11!.Jflit~NPB, TPD .. TDATA .. MTDATA;fµBSPB~*1}

·~~~4h (~,J!-~~~-.i.•)~A~&,~A~R#•&.~I 

;tJt.JtlffJ4h~:k..1*-J:.J!-;W1x10-6...,10cm2NsffJ~R±t$*· )i.-;t, ff.7'v~ 
~#;ft-,PJ""~~Jfl~R#·~-~~~#•*ft~a<J4h~. tt•, ~ 
~~~-ii~&mA~~-~&~~J:.~~4h~~A~~+~~j+ 

&ffi :l:&JJl*-?fj ~~*ft•&. 
~~-~~-~~'~*~~I~R~A&;fµ~~ft•&~~~ 

R ii.A&;fµ ~~ft 4tit &~ l'al ~ILiG&. }aj-f-:/LiG& ~~ # .!tl ~ F~ -$1J; 

~~' Jflff:/L~&~&k~J!-~~#-~--#~~·~--~~~ 
!/L~t~a<JL7'G4h~C-·#*)~ft~klfi#*($~##)~A 
~&~~~~~~:/L~4h~~£~~&, n-#~~tL~&~•:IL 

~4h~~A~&. •f-t-#~~~*L~~L~~' -~~~~~ 
~.ff~~A.7'JL~~~~L~4h~, ~~~Jfl~r4h~: ~-=-~£ 
.ill!. \f ,l..-2-1¥-'--6-[2-(1,1,7,7-ll!1 'f £.A~~~.£.-9-~~)]-4H-11~"1fl 
( DCJT) .. 4-..:::.~-'-31?. 1f .£.-2-~ -r .l..-6-[2-(1,1,7,7-~ 1f1 ~A~~~$ 
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-9-~ £. )]-4H-12Jt "IW.. periflanthene.. 2,s-..::. ~£.-1.. 4-..::.(10-1f ~£_ 

-1,1,7,7- ~ 1f £A~~ 5t. £-9- ~£.)}it; N,N'-..::. '11 £ iit- Py~¥!~ 
( DMQd) .... .it-l-6 .... .it-l-545T .. -=.(8-*£+1*f.)4g ( Alq3 ) .. 9,9'

*:i .. 9,10-..::.~.1,.;i ( DPA) .. 9,10-..::. ( 2-$£) ;i (DNA) ; 2,5,8,11-

e!l~ -r £..::.$.a.ijt( TBP); PtOEP; lr(ppy)3 ; Btp2Ir(acac); ~Flrpic; 

~~o~~~~~~~~~~&~,~~~~~*~#~~£~#~, 
1i[Jt:A11!.Jfl Jt::J. r~#;ft: it°:ka9,10-..::.(2-$£.)-2-~ T £;i ( t-BuDNA) 

~ :i-1ff!!.~; it:ka4,4'-..::.(N-i>flf.i£)*~ ( CPB) ~i;:-lf.i-1ff !!.4h; ~if 
:/tP-=.(s-*£+#)4g ( Alq3) .. -=.(4-f £-8-~.I..+#)~ ( Almq3) .. 

..::.c10-*+£ihJ-+*) 4t. < BeBq2) .. ..::.(2- f .£.-s-~£+*-)-4-*~ 
~£-4g ( BAlq) ,, ..::.[2-(2-~~~) 12lt~]if ( Znpp2) ~..::.[2-(2-!£jjt 

£.)~i~~]* ( ZnBOX) ~,_t-£~+4ha tf ~lif1X.Jfl~:J1G~Ji;.fl;J~~ 
ie.&~#~, °iifJt::J.11!.Jfl ;.(s-~£.~*-)~ c Alq3) .. 9,10-..::. < 2-:/t.!.) 
~ (DNA) 4..::.(2-1f .l..-8-~£.+t#-)-4-*~&~ ( BAlq) ~ o 

~~~&~m~~M .. A*~~I~~~A&~~~~&~~T 
ttA&~M~I~~*•&a ~T#•&~Jl-~~*~~T#-~ft 

~&, *il., -ff~:ka~~:i±.11!.JfJif:koE.(8-~~~1*.)$ (~~: Alq3) .. 

-=.(5- 'T1 £.-s-~£.~*-)~ C ~ ~: Almq3) .. ..::.c10-*.£.jjt.£.[hJ-~1*) 4t. 
( ~ ~: BeBq2) ;ftr..::.(2-1f £.-8-*£~#)-4-*jjti&-4g ( ~ ~: BAlq) 

~~~~1*~•A+*~*~*~*£•+4h~~~&o ~~, "iif~ 
11!.Jfl it:ka..::.[2-(2-*£.jjt,£.) +:#-~~]*( ~·~: Zn(BOX)2 )~..::.(2-(2-

~£~£) +*~~]4f (~~: Zn(BTZ)2 ) ~~Jl-~~ir-< .. ~J!iC.1i.#.~~ 
~iJjc.{i~~*£~+4h 0 ~ r -:t-£~+4hJt:A7r, li[Jt::J.11!..m 2-(4-*+ 

£)-5-(4-~ T ~£.)-1,3,4-~..::.lf.i ( PBD) .. 1,3-X5t.[5-(4-~ -r +£.)-1,3,4-

.~..::.ir-<!.-2-£.J+ ( OXD-7) .. 3-(4-~ T +£.)-4-+£-5-(4-*~£)-1,2,4-

;_ ~ ( T AZ ) ~ 3-( 4-k T +.£. )-4-( 4- Z:.. ~£ )-5-( 4-*~£. )"" 1,2,4-3... ~ 

( p-EtTAZ) ~ ~ ~t#- ( bathophenanthroline, BPhen) ~ m.~ }t 

( bathocuproin , BCP ) ~ o i!. .£ :bt. Jtl ~ i!. Jtb 4h !ff. .i. ~ Jl- :11" 1 x 

10-6~10cm2/Vs~ ~Tit.~}4°5- o ii-;t, PJ°Jt:A~ ~ {-#* A-11!.Jf-l Jt:.~ tf!J 4h 
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Jff., ~~~~~T#·~-~~*#•~-~~!ifo *A, ~~iif~ 
i!l±~&mA!if~i!l±A~~J:.~~~Jff.-JfJ~~~+~~j+&~~ 

AJDl*-1fJA%Ttt#t~D 

~m~~~T#•AzMit.l.~TaA&a~~~T~A&,iif 

v/. 1tm it~ $.At4E ( LiF ) .. $.i1-t~ ( CsF ) ~ 4\1-t~ ( CaF 2 ) ~ ~~ 

£~~..:l:.~£~1-t.@--~o ~7r, iifvAi!it1tJfl ~-*"~~£~~±~£, 
11~~' ~.-t-il (Mg) ·~Alq3~~T#*~lff.*-1fJA& .. 

~Jt:fJL~ftL-"GI iFW~ 1~i.JL r, iifvA1kJfJ ~Jfl -t ~.-t-L-"t~Jff. 
~ As2 ~ 71-itt?f•J 4' itt;$" 9t-"t4h J1f. ~ T ~ Jt:fJL ~ ;j:LJG~ ii; 3 o 

iifvA1tJfl ~ZnS'f ~htzit~Cl ( ~) .. I ( ~) ~Al ( 4g) ~~.i. 

~Jff.vAll.Cu ( ~) i1(J 9t~4h.J1L 

~~~-M, iif~~m~T~#~: -~~~~~··-~R .. 
-~-A#R .. •~-A~R ... ~~-~#· .. ~~~~- .. ~~ 
w•~•~a~•#••~Jt-~~~-~~~~~a~•+~ .. lif~ 
li.it)fb~~JJ~~it~BaTi03 ( ~fit4.9l) ~SrTi03 ( ~~~) ~ J!.;ff ~ 

~~-fr~ ~4it~ ,J .. ;t.fr.T*--iftl~-Jr~ ~4it.D ~~ :ttittit.-i-, ii[vA1tm :tl 
.,. ~Jt:tt•:flL"'" 0 

iifvA~ ~.-t-L-"G~Jff.~&82 ~-+~~zfaJit.I. ~-Jrlff.&o )t.f-t 
~-JrJff.&,~JfJJt-~~~~~-frlff.~~~~~~~-fr~~~~#* .. 
Jl:. ~ fl(J-+:it ~ ~~ ~Ti02 .. BaTi03, SrTi03 .. PbTi03 .. KNb03 .. PbNb03 .. 

Ta203 .. BaT206 .. LiTa03 .. Y203 .. A(z03, Zr02 .. AlON~ZnS~~~ 

£ ft.i1-t ~ ~ ~1-t~ o 't: 111 !if :tt. it.I~ Mi ~ ~ JJljt Jt-~ ;ti. -=t ~ ifl;J ~Mt o 
~Jt~~ftL-"GiiF&~lti.JLr,iif~~Jfl~~-&zM•AL 

-"t&il? XX..~-~;fl;J .. iif v:A:ii.li1tffl H-VH-t~41;, 1f1J~, ~1--#" ±:7t-t 
~Mn (ii.) jtzno (ft.i1-t#-) *--JfJALJG&, -Jf-A, lifv:Ailli1tJflij
~Si3N4 .. SiOz .. Alz03ATi02~$.i1-t41JA~1-t~7fJA~•&a 

ilit. ~ TCVD ( *-ii;~ ) ~*fl)t.f ~~83.Z.J:. 7f} A*~~ ~1-t~ 

-~~~~- .. ~~Jfl*~~~~~-~lt~T,~Jfl~r~&: ii 
li;fiJJfl ~ ~ -f-CVD1tJfl SiH4 .. N10~NH37f} A~ ft.ii\i1-th!&; i!l±1t 
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Jfl SiH4~N207f} ~ tfJ ~.i.1t#!Jll; ~ilit1tJfl JfJ Ar#-*Sili4~N20~ 
Jtl ff!i ~#. 1f} ~ ff!i ~A 1t#!Jll o 

1if fJ.1tJfl \iJ SiH4,. N20*'H2 -$!]:it {fJ ~.ii fl.i{t#i ( silicon oxide 

nitride hydride) Alff jJ #At.Jllo ).i.-,t, $t1t.Jll~ ~~ f" J:.~iflJ ~ Jl o ~ 
iif JtA11!.Jfl ~*#if¥ ;b .i.~~?}fflJ Jt:.~ ~-·o }j ;f', iif JtA1tJfl l:&J!l 
M~~1.&M~o -Jf-A, ~~~JflA~«&~A~#i&~f&&A 
~~--+-fflJf&Jlloiif~~Jfl.i.~#!&A•~~~-·o 

AJ€i,.#A~-·~~~LiG~*~~~~X~~-~~~# 

~-~o~~JflJflf"·#~~~#AfflJlt~T, ilit*JfJM•e#M 
l!J~~~#A~•~*~~-~?}o~~m•~~A~~~~~~~ 

-~~~#A*'~*#A~MfflJ~M, ~*,iif~ilit~•+••~ 

7}~•-#M*l!J~~~#Ao~~~,~Jfl~*·~~~-·f¥~ 
e#Moiif~~e#M~~+~•MAJflf"~#A~MfflJM~~#

~~;ti.--f o •$, ilit~*·ti::$"~~1!J ~Jtl?r~~-~7} J:.*-~~L 
jtS--#-o 

~mt 00 llA~ IJl llB-iF d:t :*oJ:. ifJ Jijf~~~*"*1l:itfflJL~S-*~ M 
~fflJ-+~--fo a•, Jt.:fr~~~-~~?}~~~:t~~~7fj~:fr~ 
~·~~~M~*~*--TF, *A:fr~$~·*0 

IJl t tA-*. -iF ilit 1tftl lt~~ ~ JJl 1FJ ~ 1t-#:-~ ;tJLso ~ ~ tMJ , *A fol 
#At£M~~*L7't.Ahit~&82'f /£1.~:JGO jf-A, Ul"IJl:f;fj~86*--TF 

~~#Ao~1FJ~L:JG~*~J€i,ilit*m•#M•*~~~~-· 
l!J ~ l!J ~Jtl# AtJ::. om Jt.:fr i!t~·ti ~~•fflJ:.W-n~ss•~.iff!~# As6Ej ~ 
-#-~MfflJ~~~e#L~~*o ~~' ~~~~L~~-#-mf"~~· 

X {to 'Vtd&~, :.W-n~ss.Jt.:fr~il·ti~~o J!. 1/Lit~, Jt.:fr~~ fflJlt:JG•ti 
~~~~~-Ms4•-rt-r:.W-n~sstt1 ,,:i. ~ ~51k ~~ ~~~•~ 0 

0011B-*.-TFilit1tJfl ~:tlt~·ti~~fflJ~ $.iJJl7fJ~1t-#:-%•so~*m 
~#A83fflJ~#:io ~~' ~A•if*Ji.1f-TF, ~,,:Afol#At~.if~~#486 

LM iGo ~ iiMtMJ 1f, ilit-(£# At;;fl:r.;i:~~# 4863'rifJil..i.1'~Jt ss, 
1if ~:;. ~ ~Af-"-lt aA , t!7 ~ ?k%- "iiJ"" ~~Ai o ~ l&,(£ ~~ft 887r iii il..i.1*.;!11 
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Jll87 0 

J!-~Affe~ft~~L~~L~&*Pf~m•~~-~~Aa~ 
~·~~o~~~ma~~·~~,~~~-1t~~~m%EiA%~o 

~ L~ft1+ L~ at, ~~k#it AJtl 1*--t fl!J ~·-ft~ Pf J!..;ff 1~Jt. a? ~ 
}.3i ~ 1~it. lf!J % 5f.L 0 ~ ~• tt 1-J!-~ 1~Jt. lf!J ~ }.3i at' 1l'ii>t. fl!J ~ Ei~k~:/Jn 

~L~ft-f+, A*•it.~~~~itL~ft1to 

*A,~~-~~J!..:t•>t~~~at,•Jt.lf!J~Ei-~:/Jn~L~ 
ft1+, A* 1l:i.Jt. ~ % 5f.L $liLitLilft1t o ·~Jt. fl!J ~ J.3i;ft.~»n Jtl L~ft#-
~~-~-Jr *•*~•EiS~o ~at, •>t~~~~itLilft1t~8 
#J -Jr i!-~k* 1-J 1l'ii 5/ii,131&: #J o ,ff. ·~ 5iL 131&: #J t , ~ -f L ~ft 1t ~ % l!U. ~fiir ?A:. 

~' ~~it•>t.~~~-~-*L~fl!JL~Iffe&J.1...~C#J-Jr*~~ 
m ~lJ!.-Jri!- 'f ~1:t--# 0 

1f.L~&*t,•~--~·~~'*A,Lilft-#-~#~~* 

~8>t., -~~~-~-~o~~m•••~1*-&1t~lt~~' ·~ 
••#AA*•it~M~~~-A~~~~Jll~A~~-~·~~' 
·~~#~$~~-~~~·~~~#4~-~·~1*-&t, ~~~ 

~1'-~~~Pf- 1t1. 0 

~~ %~~~%~~-~~1tmA1, ·~~lJ\!,1I&a%1!U.~ ~I ~o 

~mt IJl 12A-12F~ lJl 13~ffe tit 1f_ if1 ;flt~«:l:k: tf ~*~1*--t ~~ 
~1*.tf %~irAJ.1... ~ 1f1 if!J .. f1: o 1JJ lOA~ 1JJ lOBv:l. 7.1...1¥) llA~ 0011B~J3tl 

-*-. ffe·~..f.f.&-ft~ .!31! #JTFT 1403{i(J jt ifJ 00 o -Jt=*.TFT 1401, ~ 5iL~i!i1J 

TFT 1404;p4f..~&TFT 1406~i.-:J.1f.!Jl#JTFT 1403fl!J ~ at~k-$1it, * 1l 

Pf J!..;ff ~ 1}1&: #J TFT 1403,f~ ~ ~ ~ ~ o 

0012AJ'JfiFir!J1*--t ~~*11J-j;~ i!iC..I. ff!J1t~~1410;p~ ~~1411 

~14121':.J.7.1...*~t-Jr~ i!jc,:J..ff(J.t3~~1414o 1t-tit ~~-Jt*TFT 1401, 

lJ!#JTFT 1403, %5iL.t£:1!iiJTFT 1404~ ~Jl}J~~&1402~Lilft#1405o 

fit 1 .!31! #J TFT 1403 fl!J. ~ ~ ~ fil- 4t-Jr ~it. I~ ~ ~ ~ 1412 :i!. ..ti 
YA;r, oo 12cr.1fffe~1t-t J!-:t l=j oo 12Ar.1fffe~it~.;tm ~ ~ ~~ 0 &&J-it 

iJL, 0012A;pl!Jl2CJ'.Jfffe~1t-tJ!-~~~~%~00a 1£.~, 1f.l=ji!it1J!. 

29 

256



200680037580. 5 i#, SJl ~ ~25/29Ji 

ftl ~ ~*~~efiJillei.I. ~ ~-1412~·lt»L r1tftl ~~Ji-7fJ A~ ~·~Ji
;;r.:: ~~Ji- t, il:ii1tftl ~ ~A-7fJ A~* ~1J ~ efi1 ~eiJt % ~ •1412~ ·Jt »t 

-r c l!l 12A) 1fJ A~~~• 0 l!..m., * )i.~ JJl!-1J/JTFT 1403~ •t!i~i! 

~~ ~l ~, 1f-JL, :h 1~7fd!.~ ~l ~Tb :1' ~~Ji-*} A, ~ !l 12A*2 !l 
12ct ~»~~-rF t1' Jt.~~ o 

ff :h !fl 12A~ l!J 12Cfo.Jfffe ~1f..-f ~#.$£., .!Ji-1J/JTFT 1403~ % $1.L;f.t 

-$~TFT 1404..f!-'®..-t J*l ~ •*' -.ft Jl1Jllt.~, ii..f..!Jl!-1J/JTFT 1403~~tJil 
*-Jl..L ( 1403) ;if\t~tJil)tJi.W ( 1403) 1t~C~ ... ~$J.t,;f.t-flii}TFT 1404~itJi! 

*-llL ( 1404) ~~/;J i!Jtll W ( 1404) , 1t:J. ~~L(1403)/W(1403): 

L(1404)/W(1404) = 5--6000:L 

.!Ji-1J/JTFT 14031!.-tB;F I&.~ t •+F, .jf- )fl -t .:f.tili'J $/iLALir.i11At1405 

~ % )J.t ~ % $/rL{t o % $/.t.;f.t -fliil TFT 14041!.. •ti I&. ~ t •ff if- )fl f- .:it -fliil 1*' 
t.S-JtlLilitft-1405~ % $/iLo 1J(.lti_~, ~'*-~~{fd t, l!~#TFT~ili'J 

it.!±$. tJ7 Jt-;tf ,j:~ ~ ~-if-~~~ ; if-lL, TFT ;}ln ~tj it~ TFT o .!JII #J TFT 

1403tif fA ,{_~ ~l~$\ TFT ~~.If..~$\ TFT o Tb-t ~ $,t;f.t-$il TFT 1404..(£ 

~~~~~~~~L~&ft-t~•~I&.~t•+f, -~%~.:f.t~Tfl 
1404~Vgs~ ~.f;i)Jt#J ;;r.::f.}~L~it#-1405~ ~ $/.t.{to -d!..~JliJl, tif 

1t~ il:ii~1B*1 I&.~ t •ff~ .!JI[ #JTFT 1403A1/fl ~L~it#-1405~ % )J.t 

it o 1tftl 1t:J. ~ ~ ~ ~ , if 1t~ .if+~ d1 -t TFT ~ # 1ti ~ ~ 1-t..-if-it.~ L~fu 
14-~~Jt.~~~, dl~~~~~~~~J!l~~~~L~&ft-o 

4f_J!J12A--12D1f .P}f-if;-~~1t-tt, 7t*TFT 1401Jl~~-$1}~1*--t 

#it A$il~{t-5-, .jf-.il ~ 7t*TFT 1401;f.t~ilaf:f.t~-ft~;f.t#it AJtl'®..-t 

1f o ~.$, ~4iflj/J ~~~ 1402t\71*#itjjift~ ~ ~.ffi.o ~ ~ J!l 12A~ 
l!l 12C~ ;F Jl:. t ii..i. 1~B/J%~&1402 ~ ~ ~, 1!!.-*"-~ a;J :1' FJ.-t ~ o 

~-%~%~~if ftl+F~#~~1~-5-~%~~af, ~*~I4iit~%~ 

~14020 

~7~jpTFT1406;Fa~•1415JtA7r, !fl 12B.P,1f.;f;-~1*--t.Jt.~ ~ 
lll 12AJi.Jfffe~1t-t~;#;J;i:~ ~ ~1ti:~*1;J o Fl#~, ~1 ~:/JPTFT 1406 

;fi:ra ;f¥j ~t415JtA '"', l!l 12nfo,1f 7F ~1*-!" Jl-;t !=i m 12cr;f-rF ~1t-t ~ ~*m 
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Iii] ~ 1t j- ~,;fl;] 0 

il:i±JJ 7ri.tlta~~1415*-.t.£:"*1JTFT 1406~0N~OFF 0 ~ TFT 

1406:.fJt*i!Rt' 1*-#~~ Jh %$:.S-1402 tf ~ ~~~~ ~' d1 Jlt=*.~ ~ 
$/.t..t.£:-$tJTFT 14040 ~ ~ -ifri)t, il:i±i.tJ:. TFT 1406, 1if v:'A Si-$1] f=" i.. ~ $/iL 

;f'$J.tA.2t7'tit14-t405tf ~*~o 151 Jlt, TFT 14061if;j}t#JlJ4*-~S-TFTo 

151 Jlt, ~ lfJ 12B~ 0012Dr1f;F~ ~,;fl;] 'f, 1if ~:Ifft~~ A.J11f;ij"~·-! .:t.. 
~' ~~A.~*~-Jf"~liilfft~~*~$-Jf"~2t7't~~; dJ~~m~~ 
J;:~o 

~ 0012E.PJfiF~1~j- tf, * 11J ;tfo} i!eJ:.11"~~1410~% 8 ~1411, * lL*ff-;tfoJ i!ieJ:.a$~1414o -jf-Ji, 1~!- ~-t--Jf"=*.TFT 1401 .. .!JI!.;}; 

TFT 1403 .. fitlJJh Tt.$.~1402~2t.JG.it#1405o ft T ~~TFT 1406;fµ.i=I 

~ ~1415v:'A 7r, 0012F fojf ;F-~1~ j-J!-;ij" l=i lfJ 12E.P1f ;F ~1t f.-~,;f/;];;fl§l Fl av 
1~-! ~iP!tJ o ~ lfJ 12F fojf;F ~ ~:+!J tf, -tt lif v:'A ili±:i.tI. TFT 1406~:hii :81 

~};~o 

d7T~~+•-tif7~I.TIT,~~~-··L•~ntlif~~~~ 

&TS.;}J~-~~L7'GB*o ~Jlt,1if~~~~-~~L7'GB*~~ 
:.f1J ~ 0 

~ ~*°~~-if~iJtaA 1 ~~+1t j- tpii:J:.~+TFT~~ -~~it 

JGB*,~~1if~~~-~~L7't&*o d1T~~-~~L~B*tf1 
;f'~~+1t-t tf ii:I. TFT, l!1J1t1ifa4'~~ ~if" P *(aperture ratio )0 

~~L7'G~A (stack) ~ Wii1JJ~LMJ'GavLJ'GB*~'lt»L T, Jt8~~ 
LJ'G~#-~:ttM•Jt:hii a 

l!il~' ~jJtaA:il:i±1~Jfl 0012EPJf~~~3&.~~~a$~;fPft~~ 

J:. ii.Ji...::.~ If ff~ -1*-;ff ~ ~ ~ 1lt UL o 

~ 00 13 tf , ~ 1t j- I&.~ 1500 tf i.t J:. ff=*. TFT 1401.. .!JI!.;}; TFT 

1403, ~J!h ~.#.&1402;fPL7'tit#-14o5o ~ft~~1410J:.i.tlt..::.~if 

1561~15620 ~Tv:'AJ:..~ ~~1fd, v:'A l=i-Jf"=*.TFT 1401~.!JOC#JTFT 1403 

~ 1i?A ~~A. -f!iil xt..::.~ if 1561~1562, -#-JiJ!-;ff -lJ!lt ~ ~.. -t-!f-1*-A.. 8 
~~ .. iiJ ~~~a ..::.~f t561;fP1562il:i:VJ1!--ll!lt~~J:j iiJ ~~~-~~ 
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it .ti-m 11= ~ -=-• -t .:r:. 11: a 

iil±1tJfJ ~-~-*~ M ~&1fJA~-=-•lf 1s61~1s62it#:~-3t
JfJ ~~~~1554~15550 ~~' 1-1 T ¥f~Jf1 ~~~~1554*71555~..::.. 

-·~·%·~·%-it#:, *M~•M•&t1fJA38~o 
~.tr~~ 1414J:. ii.I~ ..::..:t.l. If 1563~ 1564-J!.;t ~11?.{ ~it Jld;J o * 

A, ~ft] ~"'"~~1565~1566-it-;ff ~1~~ikif!Jo 

i!.#' iiJ"" I-A ~R• *-~ aJl ~#!"AM'-~ t M at7fJ A 1*{!' -=-•If 0 *Ji' 
~~-=-··~~I~~T~' *JliiJ""~--#J~$~-·~~t.i.~ 
1n o 

,ff. 1JJ 14A 'f iJtffA 1Jt.Jfl 1JJ 12EJ'Jf;F~ ~ji %$~ 1~0L r ~1#..~1/
~ TJl :fJii IJL ii 7r , ,(f. !Jl 14 B t -ffq~;t ~ IJl 12E t ~ ~ 3lt. % ~;ffi M ~ ~ 3tt % 
ff:3.o IJl lOA .. IJl lOB .. IJl 11A~ IJl llBJiJf;F~~-f~#-.a-14-~~Ji'--!ll#J 
TFT 1403;t;J-Pl o IJl lOA .. IJl lOB .. IJl llA~ IJl 11B~7F~ IJl 14A~ IJl 14B 
t ~~X-YfJJ~~~dQ lJl o iil±1J!.Jfl 1ft-~%1Dt7f}Alt%•~1411 .. 1t 
~~1410~-Jt*-TFT 1401~· %-~·%•, * Jl.ii.li1.tJfl fjt..::.*% 
JDtif} .. ~)lli-J#JTFT 1403~· %-~·%•0 

iil±~!lli#JTFT 1403*1§1 ~ ~ :;t*-ffi1jit-Jt*-TFT 140L -ff"*-TFT 

1401 ~ UlJ ~-~lil!#JTFT 1403~·%-40iii±.,(f.~-~-JJl42;ffi Fl 
~ & t #1~-JJlt1fJ A~ #:8.:fL*~1L ~it.ti o 

iiii1Jt.Jfl !lli#JTFT 1403~-~-.lii1if7~~?J'- .. %·~1411~ ~
~-JJl42::f~ M ~&t ~~-Jil7f}A~J/J ~.$.~14020 

,(f_!Wj ~ ~81 ~-Jt o ~7}t 1fJ A~iGl!~1420o Ji ?i.U.t.;ff-TF tlt, ~ 

-~}Gig.~1420~ llf.ti!i7JJAI% ~~SL ~JGJ!~1420~ fel ~7}1if~.t1t 
ml 0 iil:t1.t!Wj ~ ~81~-Jt p ~7)--~ fej ~7}~.t1tml' ~jG}g.~1420~ fej 

~ 1/-iiJ"" ;;.t 1t 00 o ~ i!. q-f1J!.Jfl ~ ~ -=f ~ -T 1:lt it] i-:A ~ l!!.1% ~ ~ 81 at , liJ"" 1-A 

iili~fel~7}~*00~~~*T~~~%*~~m~~~?~a 

~~A~iiJ"",(f_~~~~r~~J:.#J~~~~~~~M~•~o 

[~~1ftl7] 

~~J!.;ff~~T,(f.~J:.~~~~tfF~~-f"ffetlt~«*~~-
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'*'-~aA {r(J-f~1*&1t{r(J ~ -=r-•.1., lif rA~~ it-Jto~1f..~~~~ !Hl;froif.lla 

{r(JAA~if.lla .. ~~-mI~&C~A~I7F&) .. ~~~~,··*~ 

~.i.(~~,~···**> .. #~if.Jla,•~~ .. ~-~~&••<~ 
-Jto,8#J#~if.lla--••~* .. t•~·~~~~.:r-m••>~&~r 
i~. 11'-Jt iJ(J 00 1f...:jlj.1._ it.I. ( # »tl Jt.. lif .:rt~ it~~~ ii. )fl it ( DVD ) iJ(J 

~-1i'-~{r(J~·*AJ!.*Jfl-tI7F~·~~~{r(Jm•if(Jiffe&if(J• 
.i.) •. .{f. 0015A,..,15E~lil 16~ ffe m ~~ ~{-·.l.~J!.1$-1?~{- o 

lil 15A,f... ffe ~*°7r it;3001.. I 7F I&. ~3003:ft:z.:fh Jb &3004. ~ Jfl -t 
~i't~J!tif.lla~ +A it ~.;tJt,· iJ(J Jlti't&. ~I~ g ~3003 ~ii.I*~~ 
~I~ & . I 7F ra: ~3003 iJ(J ~1f..-t ~-t-~.t.%- -*"~ aA "*1J it {r(J-f .!f-1*&1+ o 

ilit 1~Jfl J!.;t ii M #;J {r(J '*-~ aA if(J-f .!f-1*&1+, lif l-A ~~Jl-* 3t 1J' iJ(J # 
1J± ~ 1t a!] it!, ~*.Ila 0 

0015B,f...~~-t-.i..#-3101 .. ;r?t3102-. Iffel&.~3103 .. t""M*A 

~~3104-. ··-~ ~~3105.. ~11=-lt3106~ .k~3108ft!i •• it!, if; D 

.{f.I ffe l&.~3103tf il..i.*~~f.+I 7F&o I iF l&.~3103~~1f..-t ~-t

~~{Jl; *-~RA ~J it.~ ..f~#-&1+ o :ii.it 1~Jfl Jl-~ ii~~ {r(J '*-~RA ~ -f .!f

#-&1+, lifrAtl~Jl-;t J!. 1J,~# 1J1.~1t~•· ~Wo 

lil 15C;!l 7F ~-t- ..i..#-3201, ?r 1C3202-. I 7F l&.~3203, ~:ik3204 .. 

7r~:i!.~At o 3205~;!~ 7F ~#3206{r(Jit .jT:if.llao .{f..£ 7F !&. ~3203 tf i.t.i. 

*~~~I 7F & o I iF I&. ~3203 ~ ~1~ -t ~-t-~~.tl- '*'-~ aJl 1fitl it~ -f ~ 
#-&-f+oilit~JflJ!.*~~~{r(J'*'-~~~-f~{f.--f+,lif~~~Jl-~ 

J!. 1J-. ft!J # 1}1.$ 1t {r(J it $-~o 

IJ:l 15D~ffe ~-t-.i..#-3301-. Ji -iF ra:~3302, 1t*-3303 .. .--ft.§t3304 

~ti:1r• o 3305•~,YJ#Jit $-~a .{f.Ji 7F l&.~3302tfii..i.*~~F~I 

7F & . Ji 7F I&. ~3302~ ~1~ -t ~-t-~i%-'*'-~ aA ~J ita<J-f~#.&1t o ii 
it 1~Jfl "'~ii~~ ff(}'*-~ ffA {r(J-f.!f-#-&1+' lif VA tt~J!.* J!..1J' ~ # 1ti. 
$1t~,YJ#Jit .jT:if.Jla. 

m1sE~7F~-t-1r1C3401 .. I-ffeJ&.~3402 .. -tn;t&34o3, .--ft• 

3404~i~•1i'-~~A~~3405.ft!J1t.a~•'3<.*1li. ~I 7F l&.~3402 tf 
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i9:..I::ff ~ ~ P.f 12. -iF a o 12. -iF I&. ~3402 ~ ~1#.-t ~1;--ttti%-~2(. aA -$1J it~ 

~~1*-a*o~l±~JflJ!-;ff~~*1;J~'*-~~~~~~g*,~~~~ 
J!.;ff J!. 1J,~#1f1.~1t~1~~J\.~'3t~o 

1!116~-IF~-t-.i:.1*-3110 .. 1#.-ti&.~3111, lil!#J~IC 3112 .. -tii!t 
:l.J:.3113~.JJl %~3114~~ *•t1.£ 7F2-o -t!Jit:l..J. ~ J,lJ:.izl!.~~~ % 
ltiFJ~7riiltt~ o 3107.tiilt-ft~ o ~.1#.-t l&.1i\t3111 ~i9:..I;ff ~~r.f£ 

ffe g 0 1#. t- g JA311 l lFJ ~1#.-t ~~t~ii ~£ ~ -ffi1j it~ ~~1* ~* 0 ii. 
1±11!.Jfl J!-;ffii~*1;J iFJ ~~aA iFJ~~1*-g*, ~JtA.~Af~;ff ~,J, lFJ #•ti. 

!fi 1t lFJ * ·li.12. ffe ~ 0 

~~~a,~£~~~m~~~~~iFJ,*~~~~~~~m-t 

?Jt;f[ 4Ji~ 'f ~ %-t-:l.Io 
'*- tf1*~-t2oos-+11 fl 1s a 1f. a -*--V ~iJAJ .f,t.3'(. ~ a ~ -t ~'J t¥ ~ 

No. 2005-329806, ,{f_jt.hoA..Jt:-1:-~ fl $.ft JlJ ~~ o 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

Filed: February 11, 2013 

For: SEMICONDUCTOR DEVICE AND 

MANUFACTURING METHOD THEREOF 

Confirmation No. 7085 

Group Art Unit: 2812 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

In accordance with the provisions of 37 C.F.R. § 1.56 and 37 C.F.R. §§ 1.97-1.99, 

Applicant submits herewith a Form PT0-1449 listing information known to Applicant and 

requests that this information be made of record in the above identified application. Copies are 

submitted herewith in accordance with 37 C.F.R. § 1.98(a). 

CN101283444 was cited by the Chinese Patent Office in counterpart Chinese Patent 

Application No. 200910206768.3 in an Office Action mailed March 15, 2013. 

U.S. Patent Nos. 8,134,156; 8,158,464 and 8,368,079 and U.S. Publication Nos. 

2009/0186445; 2009/0189155; 2009/0189156 and 2010/0003783 and W02007/058329 are in 

the family of CN1.01283444. These references were not directly cited by the foreign patent 

office, but are submitted herewith for consideration by the Examiner. 

Although no fee is due for this Information Disclosure Statement, the Commissioner 

is hereby authorized to charge fees under 37 C.F.R. §§ 1.16, 1.17, 1.20(a), 1.20(b), 1.20(c), 

and 1.20(d) (except the Issue Fee) which may be required now or hereafter, or credit any 

overpayment to Deposit Account No. 50-2280. 

Respectfully submitted, 

Eric J. Robinson 
Reg. No. 38,285 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

Filed: February 11, 2013 

For: SEMICONDUCTOR DEVICE 

AND MANUFACTURING 

METHOD THEREOF 

) Confirmation No. 7085 

) Group Art Unit: 2812 

) 

) 

) 

) 

) 

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL 
APPLICATION AND PRELIMINARY AMENDMENT 

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

Dear Sir: 

In response to the Notice to File Missing Paris of Nonprovisional Application, 

under 37 C.F.R. § 1.53(b) dated March 8, 2013, submitted herewith are the fees due 

under 37 CFR 1.16 (Statutory basic filing fee - $280; Search fee - $600; Examination 

fee - $720; Surcharge - $140). 

Furthermore, please consider the following amendments and remarks in 

connection with the above-identified application. 

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

Amendments to the Claims are reflected in the listing of claims, which 

begins on page 3 of this paper. 

Remarks begin on page 9 of this paper. 
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Amendments to the Specification: 

Please replace paragraph [0263] with the following amended paragraph: 

[0263] A driver circuit for driving a pixel portion is formed using an inverter 

circuit, a capacitor, a resistor, and the like. When two n-channel TFTs are combined 

to form an inverter circuit, there are two types of combinations: a combination of an 

enhancement type transistor and a depression type depletion type transistor 

(hereinafter, a circuit formed by such a combination is referred to as an "EDMOS 

circuit") and a combination of enhancement type TFTs (hereinafter, a circuit formed 

by such a combination is referred to as an "EEMOS circuit"). Note that when the 

threshold voltage of the n-channel TFT is positive, the n-channel TFT is defined as 

an enhancement type transistor, while when the threshold voltage of the n-channel 

TFT is negative, the n-channel TFT is defined as a depression type depletion type 

transistor, and this specification follows the above definitions. 

Please replace paragraph [0275] with the following amended paragraph: 

[0275] Further, FIG. 328 illustrates an equivalent circuit of the EDMOS circuit. 

The circuit connection illustrated in FIGS. 32A and 32C corresponds to that 

illustrated in FIG. 328. Illustrated is an example in which the first thin film transistor 

1430 is an enhancement-type n-channel transistor and the second thin film transistor 

1431 is a depression type depletion-type n-channel transistor. 
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Listing of Claims: 

1. (Canceled) 

2. (New) A semiconductor device comprising: 

a glass substrate; 

Attorney Docket No. 0756-10065 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to 

the oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein each of a side surface of the source electrode and a side surface of 

the drain electrode has a tapered shape, 

wherein a first angle of the tapered shape that is made between the side 

surface of the source electrode and an upper surface of the glass substrate is 

greater than or equal to 20° and smaller than or equal to go 0
, and 

wherein a second angle of the tapered shape that is made between the side 

surface of the drain electrode and the upper surface of the glass substrate is greater 

than or equal to 20° and smaller than or equal to go 0
• 

3. (New) The semiconductor device according to claim 2, wherein each of the 
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source electrode and the drain electrode is in contact with an upper suliace of the 

first insulating layer. 

4. (New) The semiconductor device according to claim 2, wherein the oxide 

semiconductor layer is over the source electrode and the drain electrode. 

5. (New) The semiconductor device according to claim 2, wherein the oxide 

semiconductor layer is in contact with each of the side surface of the source 

electrode and the side surface of the drain electrode. 

6. (New) The semiconductor device according to claim 2, wherein the oxide 

semiconductor layer further comprises gallium. 

7. (New) The semiconductor device according to claim 2, wherein the pixel 

electrode is in contact with the drain electrode. 

8. (New) The semiconductor device according to claim 2, wherein the oxide 

semiconductor layer is a non-single-crystal film. 

9. (New) The semiconductor device according to claim 2, further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

10. (New) A semiconductor device comprising: 
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a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to 

the oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein each of a side surface of the source electrode and a side surface of 

the drain electrode has a step in a lower portion thereof, 

wherein a first angle of the step that is made between the side surface of the 

source electrode and an upper surface of the glass substrate is greater than or equal 

to 20° and smaller than or equal to 90°, and 

wherein a second angle of the step that is made between the side surface of 

the drain electrode and the upper surface of the glass substrate is greater than or 

equal to 20° and smaller than or equal to 90°. 

11. (New) The semiconductor device according to claim 10, wherein each of 

the source electrode and the drain electrode is in contact with an upper surface of 

the first insulating layer. 

12. (New) The semiconductor device according to claim 10, wherein the oxide 

semiconductor layer is over the source electrode and the drain electrode. 
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13. (New) The semiconductor device according to claim 10, wherein the oxide 

semiconductor layer is in contact with each of the side surface of the source 

electrode and the side surface of the drain electrode. 

14. (New) The semiconductor device according to claim 10, wherein the oxide 

semiconductor layer further comprises gallium. 

15. (New) The semiconductor device according to claim 10, wherein the pixel 

electrode is in contact with the drain electrode. 

16. (New) The semiconductor device according to claim 10, wherein the oxide 

semiconductor layer is a non-single-crystal film. 

17. (New) The semiconductor device according to claim 10, further 

comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

18. (New) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 
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an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to 

the oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein a first angle between a surface of the glass substrate and a side 

surface of a first bottom edge of the source electrode is made to be different from an 

angle between the surface of the glass substrate and a side surface of a top edge of 

the source electrode, and 

wherein a second angle between the surface of the glass substrate and a 

side surface of a second bottom edge of the drain electrode is made to be different 

from an angle between the surface of the glass substrate and a side surface of a top 

edge of the drain electrode. 

19. (New) The semiconductor device according to claim 18, wherein each of 

the source electrode and the drain electrode is in contact with an upper surface of 

the first insulating layer. 

20. (New) The semiconductor device according to claim 18, wherein the oxide 

semiconductor layer is over the source electrode and the drain electrode. 

21. (New) The semiconductor device according to claim 18, wherein the oxide 

semiconductor layer is in contact with each of the side surface of the source 

electrode and the side surface of the drain electrode. 
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22. (New) The semiconductor device according to claim 18, wherein the oxide 

semiconductor layer further comprises gallium. 

23. (New) The semiconductor device according to claim 18, wherein the pixel 

electrode is in contact with the drain electrode. 

24. (New) The semiconductor device according to claim 18, wherein the oxide 

semiconductor layer is a non-single-crystal film. 

25. (New) The semiconductor device according to claim 18, further 

comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 
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REMARKS 

This Preliminary Amendment has been filed to correct minor typographical 

and grammatical errors in the specification as was done in the parent application. 

Specifically, in paragraphs [0263] and [0275], "depression type" has been replaced 

with "depletion-type." Furthermore, claim 1 has been canceled and new claims 2-25 

have been added to better recite the features of the present invention. 

No new matter has been added. Examination on the merits is requested. 

If the Examiner feels that any further discussions about this case would be 

beneficial, the Examiner is invited to contact the undersigned. 

Although no fee is due for this submission, the Commissioner is hereby 

authorized to charge fees under 37 C.F.R. §§ 1.16, 1.17, 1.20(a}, 1.20(b), 1.20(c), 

and 1.20(d) (except the Issue Fee) which may be required now or hereafter, or credit 

any overpayment to Deposit Account No. 50-2280. 

Respectfully submitted, 

Eric J. Robinson 
Reg. No. 38,285 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR :;:;;: 
1.16(j)) * 24 Minus ** 20 = 4 x $80 = 320 

0 
Independent z (37 CFR 1 .16(h)) * 3 Minus ***3 = 0 x $420 = 0 

w 
:;:;;: D Application Size Fee (37 CFR 1.16(s)) 
<( 

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

TOTAL ADD'L FEE 320 

(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 
:;:;;: D 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 "O" in column 3. LIE 
**If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /CORALIA BETANCOURT/ 
*** 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 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s 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-PT0-9199 and select option 2. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 13/763,874 

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 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 24 minus 20= 4 (37 CFR 1.16(i)) 
OR x 80 = 320 

INDEPENDENT CLAIMS 3 minus 3 = x 420 = 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 1920 

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. 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/763,874 02/11/2013 

31780 
Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

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

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

FIRST NAMED APPLICANT 

Shunpei YAMAZAKI 

NOTICE 

ATTY. DOCKET NO./TITLE 

0756-10065 
CONFIRMATION NO. 7085 

111111111111111111111111]~!1]~~1~~1~~1~111~ ~HHti 11111111111111111111111 

Date Mailed: 05/13/2013 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

•A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
All 
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s) 
Due, PTOL-85, is mailed. 

page 1of1 
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APPLICATION 
NUMBER 

13/763,874 

31780 

FILING or 
37l(c)DATE 

02/11/2013 

GRPART 

UNIT 

2812 
FIL FEE REC'D 

2060 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

0756-10065 24 3 
CONFIRMATION NO. 7085 

UPDATED FILING RECEIPT 

111111111111111111111111]~!1]~~1~~1~~1~111~ ~Huti 11111111111111111111111 

Date Mailed: 05/13/2013 

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) 

Shunpei YAMAZAKI, Setagaya, JAPAN; 
Kengo AKIMOTO, Atsugi, JAPAN; 
Daisuke KAWAE, Yamato, JAPAN; 

Semiconductor Energy Laboratory Co., Ltd., Atsugi-shi, JAPAN 
Assignment For Published Patent Application 

SEMICONDUCTOR ENERGY LABORATORY CO., LTD., Atsugi-shi, JAPAN 

Power of Attorney: The patent practitioners associated with Customer Number 31780 

Domestic Priority data as claimed by applicant 
This application is a CON of 12/613,769 11/06/2009 PAT 8373164 * 
which is a CON of 12/606,262 10/2712009 ABN 
(*)Data provided by applicant is not consistent with PTO records. 

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 2008-287187 11/07/2008 

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 
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: 03/04/2013 
page 1of3 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/763,874 

Projected Publication Date: 08/22/2013 

Non-Publication Request: No 

Early Publication Request: No 
Title 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

Preliminary Class 

438 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: 

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 U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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JAPAN PA TENT OFFICE 
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v' 6 ~ Jj t [PJ - C' lb 6 _:. t ~ ~iE Sjj 9 6 o 

This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 

wm&ifJj a 
Date of Application: 

l:D !NJ[ w % 
Application Number: 

J { l) ~ %1 ~::: J: -0 JI- 00-"' U) ,':!:', Jlil[ 
~::: ffl \,' 6 1J'.7t ffil C") 3=_ ~VJ* ~Jf 
t:'.i:6!±\~l!o:i~:::1- Ftd:\Jfill 

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

A 
Applicant(s): 

2008i:f.11Jj 78 

t'1'Jl!'l 2 0 0 8 - 2 8 7 1 8 7 

JP2008-287187 

tt~ ~t JT * 1[ 
Commissioner, 
Japan Patent Office 
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~ ~tRJfJ i::: :c '>' 7 > ::7' L -c £tJJ (7)£tJJTIO ~ tJ: TJE:I iJf. 2 o 0 ljJ::. 9 o 0 

*~1liilc ~ 61J!UTIO ~ ~ 
T Q /1- /Z '§i[lfi&cF F v-1 >'§i[lfi~70PX L, if- r- ~~~ti, /1- /Z m:,ti, &u'\ F v 4 >'§![ 
!fil::.'=~1l::W'*-ll1:;ffi ~]fjJ!X;<J 6 '*-ll1*~@'.(7)ff~/Jttc ~ Oo 

(0029) 
J::.gcff~}Jj~t= fMJT 6t~m<:i::::t3P-C' /'Cy 7 7 F!'iHi, 4 >yr) b.., 7J l) r) b.., &cfi±Etci~ 

-~;J;-, /\ '>' 7 r ti J::.t:::70ffl<:T 6~1L'.W'*-ll1*fi ~ roJ t: !J -lf '>' !'- ~ tfiit' 6 2: ~ iJf.c ~ 6 o 

mtlll~tm7\ ~ 3t~T 6 2: ~ c, /\ '>' 7 r fi ~, ~1L'.W'*-ll1:;ffi ~ ~ 1-1' ~J :5t~t 6 2: ~ iJf.c ~ 
, ~Jffi(l) !!-if'>' r- ~ tfit 'o 2: ~ c~JB::::r;;z r- ~m~T 6 c: ~ iJf.c ~ 60 

(0030) 

J::.gcf-1'~/J'ili'=rMJ<r 0t~m<:,=:t31t \-c, if- r-*&~fi J::.'=llm:fi ~ /\ '>' 7 7 fi ~ ~=*:Y\i= ~ 
:ho(::~ t~ < flfi70J!X; LLB i)' ilifm:J!X;IJl~1r 7 = ~ ~t~i':l&(l)--::J ~LL l \.Qo 

(0031) 
J::.gcf-1'~/J'tt'= fM] T Q t~m<:'= B p L' /1- A '§i[;fi, & u'\ F v 4 >'§i[lfi~ 70ffl<:T Q lJ'§![fi ~i 
, 7 Jv ~ .::=.? b.., !l > ::7'';;z 7 >, ::7 ob.., !l > !l Jv, 7 !l >, =E- lJ -::f-7' > tJ: ~" uJ~&Utt_:j
~ tdi-t-oJ[§J~ttt_:j-~ tfiP-C70mtT 6c ~ k., lJ'§i[fi1i, 2 filjl::_(l)fj{fi ~ L -C 't:J J: <, 
1§U;t if, 7 Jv ~.::=.?Lill~ T'fi ~ L, J::.fi ~ 7 !l >Ill~ T oflfi, !l > ::7"/Z 7 >Ill~ T'fi 
~ L, J::.fi ~ =E- lJ -::1'7 >Ill~ T 6 fifi, 7 Jv ~ .::=. r) Lill~ T'fi ~ L, l::.fi ~ =E- lJ -:f7 >Ill 
~ <r 0 tlfi t~ ~" ~ m P 0 2: ~ iJf.c ~ 0 c 

(0032) 
* BJj $!H ~ tj::t c Jl!ifm:J!X;IJI ~ f i, /Z /'\ '>' !l $ c fr 7 5g 1 (7) ffl<:IJIIf.'E iJ" G /Z /'\ '>' !l i~ c fr 7 5g 2 
(7)$:JlJif.'E ~ c(l)-]11!(7) '7°0 t ;;z $, 1&:'Yl.1Il£tJJ(7)@'.iJ":h -ct-. 0 ~tmY\iJf.=*:Y\~(7))-1.J*~ 
tmY\,='1!R.n0 = ~ t~ <, ·,~:n:::l!g;gtj::t ~ t:. ti::fil3i'rt:JJ;;z~tmYI. c~~~tmY\~ t-= ~i~:JJ;;z~ 
1.mY\.) cf!lUfiW ~ :h -C P 6 2: ~ ~ § 7 o Jl!ifm:J!X;IJl~fr 7 2: ~ i::: J: VJ, ~iffe1t~ :hk.1EZ'.'Yl.1II£ 
;fjJ(l)*:)t~(l)~fi~~ @l]Jl! L -C mt/ll~ fr 7 2: ~ iJf.c ~ 6 o 

(0033) 
roJ-7-v > /\- r*rcm 1 (7)$t/l1It.'En" Gm 2 (l)l!X;/llit.'E ~ c(7)-J1!(7)7o t ;;z ~fr 7 2: ~ 

~i*BJ1*!H~t::::t3tt 6Jl!ifm;$:/ll(7)tTitmt::: ~ 6 ~ T 60 
(0034) 

~ k., ~ t~ 6 7 -v > /\ - c 5g 1 (7) $:/llif.'EiJ" G 5g 2 (7) $:/llif.'E ~ c (7)-}.l (7) -;f P t /Z ~fr 
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-5 t~il, 5g 1 OJ ffl<:~If'E ~ ;f4C.X. t::. 1$:, :=k:S?'U= ~.h 6 ('.: ~ tJ: < -T ~ > f\- Fs~ ~ £t!XtiN:~ L c 
5g 2 OJ$:~~:iil!!.9 ('.: ~ t>*BJHffi~i=.:B~t 6Jl1fm:mtlmOJiTil±±H=cb 6 ~ 9 60 

(0035) 
tJ:.:B, 5g 1OJ$:1mif'E~5g 2 OJmtlmif'EOJFs~'=' £t!XtiN:~If'E, 774 ;J. > 1'If'E, :f~ffi 
If'E, :i t::.ti5g 2 OJif'Et= 1£\~tJ:ifilt)J'.~ 9 6 kls6£1JX~7Jo~~:i t::.tii·~~n9 6If'E~~~L 
c '8, *BJi¥ffi~i= .:B ~t 6 Jl1fm:Q)tJmOJil[Til±tl I= cb 6 ~ 9 6 o 

(0036) 
kt!. L, lJ'i:~ If'E, r) :c 'Y 1' :c 'Y -T > !f, v :/ /.. 1' ~$:~tr\~ td&11'~ Iii 1t \ 6 If'Ef.J~ig 1 
OJ,J$t~If'E ~ 5g 2 OJ$:~If'EOJFs~ (= cb .Q~i'J, *BJi¥ffi~c P -5 Jl1imr,J$tlmOJiTI1±±1 i= Ii ':13--C ii 
:i G IJ:P ~ 9 60 

(0037) 
*BJi¥m~i=.:BPc, J::., r, ~U, 7]<-'f-, *~~OJ/Jrtu~~9::st§ii, £1!X~OOOJl:.t=-T/\ 
47'~~~Lk~iJOJ£~00~£~~96/Jrtu~ffi9o 

(0038) 
tJ: .:B, m 1 , m 2 ~ L --c f-t ~ n 0 J¥~i:lDHi~JtJ::.m p 0 t> 0) -c cb VJ, I:t'E111:1txJif:llm1m ~ 
~9 '8 OJciiiJ:Po :it::., *BFI¥ffi~'=.:BPc ¥f,BJi ~i~JE96t::.1\6 OJ~JJ{ ~ LL ~1JO):g~ 
~~91:> OJciiiJ:Pc 

(¥f,BJi OJ~:fJ:~) 
(0039) 

£11XOJ£!fJJOO ~ 'J - ;;z.. ~!fiOJfl:{UOO ~ 7JVJ:9fl.I ~, £11XOJ£1JJOO ~ F v 4 >~!fiOJ~UOO ~ n~ 
tJ:9fl.I ~~f!1J9 6 ('.: ~ c, 'J- ;;z.. ~!fi&u F v 4 >'§ltlfil:.i=i0t~t G .h6~1tW¥.!J11'fiOJ 
1&r:m:'r1 ~ rtu J::. ~ -i± 0 0 

(0040) 
~w*r::p~fatJU~~ i0t~t 0 ('.: ~ '= J: t;, 'J- ;;z.. ~lfi ~ F v 4 >'§ltlfiFEiH=1=. t: 6~*1.0J cb 0 
~W* r::p ~~fa L' ~~ 1' 7 > y A !J 0) A 4 '';/ T > :7"i'¥1!1: O)~ it~ :j:[p x. 6 G 

(¥f,BJi ~~ffl!!.9 6 k is6 OJ:®:~OJ~~) 
( 0 0 4 1) 

*~ffl!!.~~t=-=>tt \c, l1rt=~BJi9 60 
(0042) 

(~fflEO)~~ 1) 
LKI 1 t=~~ 1' 7 > y A !J 1 7 0 ~£t!Xl:.l=i0t~t 6 fiU ~~9 0 fJ: ;B, LKI 1 Ii~~ 1' 7 > y A 

!l OJ IDT 00 LKI OJ ~fiU c cb 6 o 

(0043) 
~(&~~00~~96£;f]Xl O Ol:.l=i0t~t6ttt::.if-1'~!fil O 1 ii, Jf-1'¥~~ri 1 O zt= 
m:vtt, 'f- 1' ~lfi 1 o 1 ~ :m:td: 0 !T- 1' ¥&~fi 1 o 2 J::.t= iim 1 jlljc~'* :t t::.tim 2 jlljc¥*n~ 
i0t~tG.h6o 'J-;;z..~!fifi 1O5a:ik1i~'v4>'§1tlfifi1 O 5 b ~ Lc~i'It965gl jlljc 
¥* :i t::. ii5g 2 jlljc¥*l:. t= ii, /\ 'Y 7 7 ti /.J~ -t .h--t' .hi0t~t G t1cP6 o 'J - /.. ~tifi 1 0 5 a 
1:.1·= ii5g 1 OJ/\ 'Y 7 7 ti 1 o 4 a /.J~i0tit G *1, F v 4 >~lf:im 1 o 5 b J::.t= ii5g 2 OJ/\ 'Y 

7yfil 04 b/.J~i0titGtlcP6o -t-Lc, 5glOJ/\'Y7Yfil 04 a, Bzu"'5gZOJ/\,y 
7 7 m 1 o 4 b J::.t=li~1LW¥.!J1tm 1 o 3 ~~9 <So 

(0044) 
LKI 1 '=BP L' ~7C1!1: ~~9 6 £1JX 1 0 0 t= li ::z - .;::. > :7"1±0J 7 0 5 9 7:J7 A"'\> 1 7 3 

7 7J7 /.. fJ: ~"t=1\~~ ;h.Q /\ 1} r) .b. * r) Jr 4~71'7 /.. "'\>7 Jv ~ / * r) Jr 4 ~#7 ;A.tJ: ~,OJ 
71'7 ;;z..£;fJX ~ }tiP 6 ('.: ~ /.J~c :e- 6 o 

(0045) 
if-1'~!fil o 1 li, ~m, :it::.ti~tJ:o~J~Utt_:i-n\GTJ:oflm~96o :it::., !T-1'~ 
;fi 1 O 1 uJ;ft)f.:j.li~~;ft)f.:j. (7 Jv~ .::=..r)J>. (A 1) , ilDJ (Cu) , -T!J > (Ti) , !J > 
!J Jv ( T a) , !J > J;t';;z._ .:::;- > (W) , ::c 1} -f:y.' > (Mo) , :7 Pl>. ( C r) , N d (.:Z- ;t 
:JP.), Sc (7'7J>:/r).b.) n"G~littt::.5L~, :itdil:.~Lk;c~~$::5t~96il~ 
) ~Iii P, ij' - 1' '§lt;fi 1 0 1 OJ~UOO 0)" rn: ~ 2 0 ° tJJ::. 9 0 ° *~filil ~ 9 6 0 :'J;'fd: < ~ '8 }lfffl 
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J'f~(-:: -T-/'\-~~iJ~~JJX~ tlo J: -5 t-=: :c ':r:f- > 7" L -C Jf- 1' ~ii 1 O 1 ~~IJX9 6 o 

(0046) 
j: k, Jf- t--;f.e~m 1 0 2 iiA/'\ 'Y 7 ~~~ tdi-:7°7 _::;('"?C v Ditci~ G t16~1tY lJ ::::r > 
filt ~1t~1l::Y lJ ::::r >im;, ~1l::Y lJ ::::r >im;, ~1t7Jv ~ ~ r7 l>., ~1t7 > 7 Jvim;IJ: ~~(l)Jf.fl 
~im;~}iiP, (:;hG(7)t:ft+1.r-.GIJX6~fij:tdiflfii~iE:~ L-C~.ffltL-C 't~l'o t~.:t~, Jf 
- 1' if.~~m 1 o 2 J:.t:JfJfflt9 6 '/ - 7.. ~tifi 1 o 5 a &u'\ F v-1 >~tim 1 o 5 b ~ :c ''/ 
7>:7"96~t:, ~:tR.!::l:JJ~+:5t~:I[Ztt6:ftt+~~:fR96(: ~/J{p:fj: Lt'o ~t-:::, '/-A~ 
tim 1 0 5 a &r.J F v-1>~tim1 0 5 b ~:c 'Y 7->:7''9 6~,=Jf- t--;f.~~m 1 0 2 (7)* 
00/J{ 2 0 n mf'EBEj: c :c ·Y 7 > :7"~ .fl -C tJ J: <, ::@:~:ft;f+(l):c 'Y 7 > :7"y~i'J1i ~ t~ < 9t-=: (:/) 
(-::ii~'L*ri~~*96 ('.: ~/J{p:fj: LPo 

(0047) 
'/-A~tifi 1O5a&cfFv-1>~tifi1 O 5 bii, ~ri, j:tdi~t~.Q::@:~i:tt+!J\G 
t~ oflm ~ 9 Oo '/-A~t-im 1 0 5 a &Cf~- v-1>~tim1 0 5 b OJttt+ii::@:~t:tt+ ( 
7 Jv ~ ~ r7 b. (A l ) , ~[DJ ( C u) , 7 37 :/ ( T i ) , 37 > 37 Jv ( T a) , 37 //fA 7 > 
(W), .:riJ:f-T'> (Mo), ::?Pl>. (Cr), Nd (*7J:/l>.), Sc (AfJ/yr';JJ>. 

) fJ\ G~itt1kx~, j: tdiJj~ L t-::TC~~fflt:7t ~ 9 oil::@:) ~ }iiP6o 
(0048) 

'/ - A ~tim 1 0 5 a (l)W[OO~~ii, [211 i=~9 J:-) (-:::, £;fjX(7):~H!XOO ~ '/ - A ~iim 1 
o 5 a(7)1J{U00~/J{;/J:9~BEe 1/J{20° L1J:.9 0° *ffilil~96o j:k, Fv-1>~iim 1 
0 5 b (l)W(OO~tk:ii, [211 '=~9 J:-) i-::, £tJX(7)£;fJXOO ~ F v -1 >'§!ttim 1 0 5 b (7)1J{U00 
~ iJV~9~ BE e 2 /J{ 2 0 ° t1J:. 9 0 ° *~jley ~ 9 Oo ID] t: :c 'YT> ::7"If'E ( F7-1 :c 'YT> 
::?"j: t.= ii r7 .:r- 'Y r- :c 'Y :r > :7") ~= J: t; ~IJX~ tt6 k UJ, ~BE e 1 ~~BE e 2 iiar:froJ-c 
cit:> 6 0 ~1t17n¥.!J1*ri ~ :ti9 6 '/ - A ~iifi 1 o 5 a (7)1J{UOO (7)~ BE e 1 & u'\ F v -1 >~ti 
m 1 0 5 b (7)1J{U00 (7)~ BE e 2 ~ 2 0 ° t1J:. 9 0 ° *ffilil ~ 9 6 ('."_ ~ c' '/ - A ~tim 1 0 5 
a Bzu'\ F v-1>~iim1 o 5 b (7),'~UOOi-=:.:S~t o~iiJ:..\rrmiJ\G~iiTil@j: c(l)ffe~~*~ < 
960 

(0049) 
t~;S, [211 c ii£tJX(7)~00-'f-OO ~£tJXOO ~ LL~ BE e 1' ~BE e 2 ~*gc L "'(It\ 6 /J{, ~~ 
~: rN'JE ~ t1 9, £tJX (7) * 00-'f-OO ~ £i'JXOO ~ L -c ti £;fJX (7) ~ 00-'f-OO ~ * 00-'f-OO ii -'¥-fr c cit:> 6 
k UJ roJ t: ~ BE ~ t~ 6 ('."_ ~ ii § -5 j: c tJ tJ: Po 

(0050) 
('.: (7) J: -5 t~]fj~tf\(7) '/ - A ~tifi 1 0 5 a Bzu F v-1 >~tifi 1 0 5 b J:.\-::~1l::W¥.!J1*ri 
1 0 3 ~~IJX96o ~1l::W¥.!J1*m 103ii, In, Ga, Bzu'\Z n~-3'tr~1l::W¥.!J1* 
37 - Jf 'Y }-- ( I n 2 0 3 : G a 2 0 3 : Z n 0 = 1 : 1 : 1 ) ~}ii It '-C, £tJX ~ 37 - Jf 'Y 

1' (7) Fa~ ~ JJ ffe~l ~ 1 7 0 mm, EE 1J 0 . 4 P a , ~mt ( D C) ~i)]l'. 0 . 5 kW, ~~ ~ ·~ 
ts 7 Jv -::t.' >~!!±IY\ Tc pX;im; L k f~, v :/A 1' '"?A :7 ~ ]fjfflt L -C ~:JREfJ ~= :c 'Y 7 > :7" L, ~ 
·~~-':t~i'f~:7t~~*L-C~IJX96c t~;S, /'\JvA~Vrt (DC) ~i)]l'.~}iiP6 ~- C::'~/J{!li!~c 
~- im;w7t:f!JtJj:)]-~t~.Qt-=:UJ~-=::tifj: LPo ~1l::W¥.!J1*im;(7)im;j]j[ii, 5 nm~2 0 0 n 
m ~ 9 Oo **:f1ll!.(7)~~cii~1l::W¥.!J1*im;(7)im;j]j[ti, 1 0 0 nm~ 9 Oa 

(0051) 
t~;S, '/ - A '§ltiim 1 0 5 a ~ ~1t*70¥.!Ji*ri 1 0 3 (l)FE!H-:: ii, m- 1 (7)/\ 'Y 7 7 ti 1 0 4 
a ~~~t 6('.:~iJ~:tifj:L1t \0 j: t.:, F v-1>~;fim1 o 5 b ~ ~1ti7n¥.!Ji*m 1 o 3 (l)Fi{l 
t-=:li, ig2(7)/\,y7yfil 04 b~~~t6(:~/J{p:f~L1t\o 

(0052) 
m- 1 (7)/\ 'Y 7 7 f'i 1 0 4 a, Bzum- 2 (7)/\ 'Y 7 7 f'i 1 0 4 b ii, ~1l::1o/J¥.!J1*fi 1 0 3 ~= 
~~L~~ffitJ:~1~¥.!J~fi(n+fi)cclt:>~, '/-A~~j:k~Fv-1>~~~LL 
~~~90o 

(0053) 
n + fi Ii, I n 2 0 3 : G a 2 0 3 : Z n 0 = 1 : 1 : 1 ~ L k 37 -Jf 'Y }-- ~}ii 1t ', pX;im; 
*ftii, Ef1J~O. 4 Pa~ L, ~1J~ 5 O OvV~ L, ro<;im;ifilt&~~ifili~ L, 7Jv-::i.'>7J 
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:A iJTEJiji 4 0 s c c m ~ ij! }\. L --C A/'\ ·;; !! IJXIJJ ~ff -) a I n 2 0 3 : G a 2 0 3 : Z n 0 = 

1 : 1 : 1 ~ Lt::.!l-JT·;; }-- ~;¥:['.K]fl\]t:::}liP--CP6t:::t>OO.bG9'_ ,QX;]JJ~f:~c*~~ 1 n 
ill"-' 1 0 n mOJ*fifili'f~ ~~tr I n -Ga -z n -0*3F*¥fifilijJJ/J{j0fj)t~ ;h6 C: ~ /J{~ 6 

0 fJ:.:8, !J-JT·y f--OJIJX:5tJ:t, Q)t]JJJ±1J (0. 1 p ar--..'2. 0 pa)' ~1J (2 5 owr--..' 
3 o o o vv : s -1' > 7 cp) , i1iii& C¥'.i1iii ~ 1 o o °C) , JXMS'ri;z, /'\ 'Y !! OJ ,oX;IJJ'*d'ttJ: ~~ ~ 

1001r&i'i!.ITT19 6 c: ~ c*EifiliHOJ::ff~~:" *Eifili'f~OJ~Bt'.-·t» ~1~-rt-1' .::::q;:t_ 1 nm,..___, 1 on m 
OJiTI!tt!c&l'i!Im~ ;h-) 6 ~ § 7L Oo m 2 OJ I n -G a - z n -0*3F*~;fifili]JJOJ]JJJ]j[ii, 5 
nm,..___,2 0 nm~96o m~~' JJJq::q:::*fifili'f~tJ>;~~;h6~iJ, ~~tl-6*fifili;f~OJ-fT-1'.:::(fJ{ 

]JJJ]j[~~x_ 6*~ ~ ~ fJ: t~ fJ:Po **1fiEOJ]0~ciiffi 2 OJ I n-G a -z n-0*3F**fi 
fililJJOJnlwii, 5 nm~ 9 6c 

(0054) 
~ k, 'J - ;z, ~;fifi 1 0 5 a )(Ji F v -1' >~tifi 1 0 5 b ~ fJ: 6 ij!~]JJ ~ n +ti~ fJ: 6 OOt 
1Ulo/J¥ij!1t1JJ~*m'=a19 c: ~ tJ: < ;1,/'\ ·;; !l~ctim9 6 c: ~ c~ift7ot:A q=q.::: '/-:A 
~;fifi)Ui F v-1' >~tim/J{D'..¥ L--C-::J.' ~ /J{fi~9 6 c: ~ ~~.tl9 6 c: ~ /J{c~ 6c 

(0055) 
:A/'\,;; !1$ci~Gt16M:1L'.!o/J¥ij!1*m 1 o 3 ii, 1&:rVtJJJTIO~OJWTIOili:f1fuJIJJjltJ\ 1&:.rVtJJJ 
TIO OJi'.t:t.+t::::fj~~5t~t 6 fl:J'lrtu/J{~ 6 0 M:1L'.!o/J¥ij!1*ri ~i, n + m ~OJ.WOO, '} - A ~tim 
muoo c& -u F v -1' >~:timffiUOO) ~ uJWOO, if- r- :t.~~JJJ ~ OJ WOO~ ~::ff L, ~tJ: 0 t.t:t.+ 
~ uJWTIO~:':t'iJ: < ~ t> 3 -:J::ff9 60 itE-:::> --C, M:1L1o/J¥iji1*ri 1 o 3 t=:.BP--C, F v-1' >~ 
:timuoo OJ El ~M:1t~ ~ woot~~ ~, if- r- ;f.~~JJJ ~ OJWOO~~ii~tJ: 0 t::. (}), F v -1' >~ 
:fimffiUTIOOJWTI0ili:11fOJM:1L1o/J¥iji1tmtJ{ffi 1 OJ~W*$~f01iJIJ~ 1 o 6 a~ L --C~i'}E9 6 
0 ~ t::., '} - A ~tiffiUOO OJ El ~M:1LJJJ ~ WOO)tf\~~' Jf- r- ;f.&~~JJJ ~ OJ.J1!.[l'j])tf\~ii~IJ: 6 
kr1J, 'J-;z,~;fiffiUTIOOJWTIOJli11tOJM:1L1o/J¥ijiitfii.J{g 2OJ~W*$~fa~t~1 o 6 b ~ 
L --ct~i'}E9 6 o 

M:1t.w ¥ij!-tf m ~ :ti 9 0 '} - ;z, ~ti OJ muoo OJ flJ & e 1 lJz u" F v -1' >~:ti u) muoo OJ JEJ & e 2 
~ 2 0 ° J,j_J::. 9 0 ° *~ ~ L, '} - A ~;fi&u F v-1' >~t:iOJffiUOOt=.B~t 6~;fil:.1G'ffi/J'> G 
~tir.(tffil~ cOJfilE~~*~ < 9 6 c: ~ t=: J:-:::> --Cffi 1OJ~W*$~fa~t~1 o 6 a OJ*~ L 
1 &u"'5g2~W*$~f01iJU~l o 6 bOJ*~ L 2 ~*< L--C~W*$~~f0~-tt6o ~ G 
t=:, 'J-:A~ti&u"' F v-1' >~;fiOJ~W~W < 9 6 c: ~ t=: J:-:::> --c t>~;fiffiUOOt:::.Btt o~:fi 
l:.iLifflfJ" G ~tiriLffil ~ c OJfilE~ ~* ~ < c ~ 6 o 

(0056) 
~ k, ~1L1o/J¥ij!1tm 1 0 3 ~ ;1,/'\ "/ !J~c.rVtlJJ9 6~il, £t!XOOt=*~tJ:~;fiffiUOOl=IJX 
IJJ~ t16 JJJMiii, ~;fil:.[filt:::Q)t]JJ~ t161JJW J: IJ t> ~ < fJ: 6~;fi,/J{~ 60 ~1t1o/J¥ij!1*m 

~ :fi9 6 'J - ;z, ~tiOJffiUOO OJfe'J & e 1 .& u F v-1' >~tiOJffiUOO OJflJ & e 2 ~ 2 o 0 J,11:. 9 
o 0 

*~fllil ~ 9 0 c: ~ cffiUOOt= .BP--c t> JJJMiOJPJ-111: ~ r'Blr1J 0 c: ~ /J{c ~, M:1t1o/J¥iji1*m 
1 o 3 /J{Jii]pfffl\Jt:::~ < tJ: 6~t~~{~iffiX L, ~W*$ ~~f09 6 c: ~ t> c ~ 60 

(0057) 

C*11tEOJ70~ 2) 
LKI 1 c ~i, 'J - ;z, ~:fim c F v -1' >~t-im) muoo OJ T'.(tiffl ~ ~aF~, ~ L 'J - ;z, ~tim c F v -1' 
>~:fim) ffiUOOOJ l:.itiffl~*filvt~~*~/J{'J - ;z, ~ti c r-:· v-1' >~tim) muoot= ri~f-3&9 0 
wu~~Lk/J{, **11tEOJ70~cii, 'J-;z,~:fim CFv-1'>~tifi) muooi=~~~::ff96 
fJIJ~LKI 2 ~fflP--C§5lB.FI96c :':t'fJ: < ~ t> 'J-;z,~t-ifiOJriLffil~~OJffiUTIOOJflJBt e l, .&_u'\ F 
v-1'>~;fifiOJr.(tffiJ~~OJffiUTIOOJflJBt8 2/J{2 0° J,jJ::.9 0° *~fllilc~t11i, ~;fiffiUOOt=~ 
~~::ff L --C 't> J: Po iJ: .:8, ['.Kl 2 (::: .:8P--C ['.Kl 1 ~ ~JffiOJ~~jt(::: iifDJ t: f-f~ ~ ffl P 6 o 

(0058) 
~(&~~[fil~::ff96£t!Xl O Ol:.t:::~~tG;ht::.if- t--~til O 1 ii, lf- t--;f.~~ri 1O2(::: 
11.Pn, if- r- ~ti 1 o 1 ~ :m:tJ: 0 ;r- t--;f.&~Fi 1 o 2 J::.i= iim 1 jlljc*~ ~ tdim 2 jlljc**/J{ 
~~tGt16o '}-;z,~tifi4 0 5 a ~k1i}-:'v-1'>~tifi4 0 5 b ~ L--C~i'}E96ffil jllj[! 
** ~ t::. iim 2 jlljc**l:. t= ~i, /'\ 'Y 7 7 m /J{-t ;h--t' ;h~~t G t1--cp6 0 '} - A ~tim 4 0 5 a 
J::.(::: iim 1 OJ/'\ 'Y 7 7 m 4 0 4 a !Ji~~t G ;h, F v-1' >~.t:im 4 0 5 b J::.t= ~i5g 2 OJ/'\ 'Y 
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7 7 fi 4 0 4 b /'){~tt G ;fl --C P 6 o -f L --C, ~ 1 OJ/\ ":I 7 7 fi 4 0 4 a , Bz u"'~ 2 OJ/\ 'Y 
7 7 Ti 4 0 4 bl::.'= ti~11::1o/7"¥-iJ1tfi 4 0 3 ~if9 6 0 

(0059) 
*&,~*00 ~if9 6£:fJJ: 1 O O, !f- ~'§![ti 1 O 1, Bzu"'lf- ~*&~Ti 1 O 2 '::: ~ L --C ti~ 
Jl!EOJ7!1~ 1 ~ID]-c ~ 6 t.: &"), 2: 2: c ti~:f*ffiiJ:g52,BJHil"'°f~filft 9 6 o 

(0060) 
j: k, /1- /Z ~tifi 4 0 5 a Bzu F v ,-{ >'§i[tifi 4 0 5 b ti, !fifi, j: tdi~t~ 6~~tt 
t-fh"Gt~6flfi~96o /'-;;z'§![:fifi4 o 5 a&u F v,-f >'§i[:fifi4 o 5 b OJ:ftt-tii~~ 
:ftt-t ( 7 }v ~ ::::... r/ A (A l ) ' fDl ( c u) ' T !7 > ( T i ) ' !7 > !7 Jv ( T a ) ' !7 > !f 
7-7> (W), ::ciJ-fy'/ (Mo), /;!Pb (Cr), Nd (;f:;:f"yb), Sc (/Z-}J/ 

:/r/b) h"G]~Hitlt.:]L~, :itdil::.~LkJL~~$<:7t~96-6'~) ~}tiP6o 
(0061) 

2: 2: cii /1- /Z '§![:fifi 4 O 5 a Bzu F v,-f >'§i[:fifi 4 O 5 b ~ L --C }JI]]j[ 1 O O n mOJ !7 > 
/f;;z .:y- >JJIOJ!fifi ~.ltiv \, ::::r ,-f ;v[j;:7 >71- ~.ltiv\6 r c P :c ·Y 7- > /;l''~U"L ~.ltiv \--ccm 2 
'=71'9 /1- /Z '§i[:fifi 4 o 5 a OJ1J:[IJ007!1)t*:, &u"' F v ,-{ >'§i[:fifi 4 o 5 b OJ1J:[IJ007!1)t*:~7!1$<: 
9 61§U ~~BJ=J9 60 

(0062) 
:z!s:~Jl!EOJ7!1~cti, CF 4 OJ-}:f/ZifiE~~ 2 5 ( s cc m) , Cl 3 OJ:}J;;zifiE~~ 2 5 ( s 
cc m) , O 2 0J:JJ';;zifiE~~ 1 O ( s cc m) ~ L, 1. 5 Pa OJEf1Jc::::r,-f JvtflOJ'§i[:fi 
'::: 5 0 0 \!\T OJ R F ( 1 3 . 5 6 M H z ) '§1[1J ~ t:5tA L --C 7°7;;('"'<~1=.$<: L --C :c 'Y 7- > /;!" ~ 
fr-Jo £:fJJ:1J:!U (~:r\t-f;;z.:=;--:>) (:::81 OWOJRF (1 3. 5 6MHz) '§1[1J~t9:J\L, ~ 
J1flfH=i't OJ El cJ\,-f 7 ;;z '§![ff~ ITT1Jo9 0 0 ~-iJ: < ~ t> ,lf- ~ ¥&~~JJI 1 o 2 /'){~ 6f~BE~3:': 
L k~~c' 2: 0) :c 'YT>/;!"~ )£:tj::t c1' il 9 6 2: ~ '= J: ~)' ~~ ~ if9 6 '§i[:fi1J:!U00h{7!1$<: 
~tlOo 

(0063) 
l::.~c:c 'Y 7- > /;!"=*{~(::: J: !'.), /1- /Z '§i[:fifi 4 0 5 a OJ!ffl[fil]f3)l*:ti, £;fJJ:OJ£:fJJ:[fil ~ /1- /Z 
'§![!fifi 4 o 5 a OJ T'itiffii:f~1JtUOO ~ hV~9jfj BE e 1 fJ{ 2 o 0 J.,j,J::. 9 o 0 

*~ ~ 9 6 2: ~ h{c :e
, cm z '=71'9 J: -J ,:::, e 1 ti~\J 4 o 0 -c ~ 0 0 j: t-=, £:fJJ:OJ£:fJJ:oo ~ /1- ;;z '§![:fifi 4 o 5 
a 0) J::.itiffii:f~muoo ~ /'){iJ:9jfj BEti*J 9 0 ° c~ 6 0 t~.;8, ~11::1o/7"¥-iJ1*fi 4 0 3 ~t~/v ext 
loJ9 6 /1- A '§i[:fifi 4 0 5 a muoo ~ F v ,-{ >'§i[:fifi 4 0 5 b muoo OJ!ffl007!1)l*:tiroJ t: :c 'YT 

>ifI~~~6k&), ~~IDJ-c~6o 
(0064) 

2: OJ J: ") (:::, /1- /Z '§i[:fifi 4 0 5 a (Bz u ~, v ,-{ >'§i[:fifi 4 0 5 b) l::.itiffii:f~OJ1J:[IJ[fil O)jfj & 
~ /1- /Z '§![:fifi 4 0 5 a C& u F v ,-{ >'§i[:fifi 4 0 5 b) T'itiffii:f~OJiJlUOO O)jfj BE J: !'.) 't * :e
< 962'.:~c, /}-;;z'§i[:fifi4 0 5 a&u~'v,-f>'§i[:fifi4 0 5 b~Jf3$<:96f.:&')O)/:;t 
~ '"'< /Z /;! (j: t.:ti v ://Z ~ '"'< /Z /;!) OJFs~~~~ < ~§t9 6 2: ~ h{c :e-, 1f.fi~ ~ L --C 7-v *-
Jv-ft~*R < ~§t9 6, 1JUX.ti7--v *-;v-ft~ 1 µ mr--./ 1 O µ m(:::~§t9 6 2: ~ fJ{c :e- oo 

(0065) 
j: k, l::.~ L t.: 15~ '::: f>NJ.E ~ ti 9» /1 - ;;z '§![:fifi 4 O 5 a Bz u· F v ,-f > '§![:fifi 4 O 5 b ~ 
L --C}tiv >6 :c ·y 7- > /;l"jf;;z OJX ·y 7- > /;!" v- f.. /'){~f~ 6:ftf'-f~fifi ~ tt, T'fi'::: :c ·y 7- > 
/;!'' v - ~ JY(n L >:fJ'f''J.fi, J::.fi '::: :C ·y 7- > /;!" v - ~OJ r'8J P:fJt-f fi ~ L, :C ·y 7- >/;!"~fr") ~ 
'§![!fiiJllJ00(:::~~~7!1BX:9 6 2: ~ h{c :e-00 

(0066) 
~1tm"¥-iJ1*fi 4 o 3 ~t~/vcxtloJ9 6 2--=:> OJ'§i[:fiiJlUOOi=~~~Frktt 6 2: ~ (::: J: ~J, /1 
- ;;z '§l[:fifi Bz u"' F v ,-f >'§i[:fifi OJ1JtUOO '= .Btt 6 '§![:f-il::.itiffih" G '§![:fiT'itiffij: -c OJ file~~* :e- < 
9 6 2: ~ '= J:.-:> --C~ 1 oJ'§l[W*tj::t~fa11!'lt~4 o 6 a OJ-ft~ L 3 Bzu"'~ 2 '§l[W*tj::t~fa11!'lt~ 
406bOJ-ft~L4~-ft<L--C'§l[W*tj::t~~fa~tt6o 

(0067) 
~ G i= /1 - ;;z '§i[:fifi Bz v- F v ,-{ >'§i[:fifi oJfftlJOO '= .B ~t 0 '§i[:fi J::.itiffih" G '§i[:fi T'itiffi j: -c 0) file~ 
~* :e- < 9 6 t.: &"), l::.]# Lt.: F 7,-f :c ·y 7- > /;l"fj((:::, ~ G (::: r/ .':L ·y ~ :c ·y 7- >/;!"~fr-:> --C 
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~1L1o/r='¥~1*fi 4 o 3 ~HUv c:XtloJ9 6 2-=> O)~tiffiUoo 0)~15-B': Hl3oo ~-t~t.:-tt--c ti J: Po 
(0068) 

j: k, J:j~ LJ.: F7 ~ x 'YT> :'.'.fciitJ: <' '}-_A ~tifi&V" F v~ >~iifiO)]f:;m<;~ r'J 
.':L 'Y I'- x 'Y 7 > !f ~ff-=> --c, :'.t'tJ: < ~ ti 'J - :7--~iifi 0) T'.ilffili'5-BO)ffiUoo oJ" BE e 1 , ,& u F 
v ~ >~iifi 0) T'.ilffilijBO)lJtlj[fil O)" BE e 2 fJ"; 2 o 0 tll:. 9 o 0 

*~f.lil ~ L --c ti J: <, ~iil:.oo 
/J" G £iJX t: loJ /J"-=> --C 113 J.b: fJHJ 0) [.t!f JJilMt~ ~ L --C ti J: Po 

(0069) 
j: t.:, *~tHE 0) Jf:; !~!u i ~tHE 0) M~ 1 ~ El a:n = rJL h-ii .t:> -tt 0 2: ~ tJ ~c ~ 0 0 

(0070) 
(~1JlEO)Jf~~ 3) 

*~1JlEO)]f:;~c it, ~JW I'- 7 >YA 7 & u .:c 0) ft~Il:'H=-:=:> P--C' [ZJ 3 J:,:£[ZJ 9 ~.Iii v "--c 
~£BJi9 60 

(0071) 
[ZJ 3 (A) t:.:t~P--C, J2!7t1!1: ~i:f9 6£iJX 1 0 0 t: ii ::r -_:::::.. > ::7"1i0) # 7 0 5 9 7J7 :7---Z? 
# 1 7 3 7 :71'7 :7--tJ: ~"t:1\~~ t167'\ 1; r'J b* r'J-7 ~~:71'7 :7---Z?7 Jv~ / * r'J-7 ~~#7 
AtJ: ~"O)ff7 :7--£i!J~ }iit, '-6 (:: ~ fJ";c ~ 60 

(0072) 
/XPc' ~~Yi ~£iJX 1 0 0 ~00 t=Mmt L tdft, ~ 1 0) 7 7J I'- 1) '} !f 7 7 '1 - Il'E ~frP 
, v YA I'-'"'? :7-- ::7 ~Mmt L, x ·y 7 > ::7"': J: VJ /f~lJ:i'jBft~ ~~ L --Cjllj[*'*Bzu"'~ii (!f
f- ~ii 1 o 1 ~13-c!Yif- I'- jllj[~:~L '@~jlljc** 1 o 8, &u"'~ 1 O).ilffi)~ 1 2 1) ~M,Jrt9 6 o 

(:: 0) ~ ~ 0' fJ: < ~ ti Jf- I'- ~ii 1 O 1 OJ !Lffi]ijBt: 7-/'\ -]f;;;(j\:fJ";]f:;QX; ~ t16 J: -5 t: x ·:1 7 > 
::7"96o (:O)f;,t~cO)J::.[fil[ZJ~[ZJ3 (A) (:~Lko fJ:::B, (:O)f;,t~cuJl:.[fil[Zli.i";[Zl5': 

{§~90o 
(0073) 

'f-t--~ti1o1~13-c!Y~f-t--jlljc*-*~'@~jlljcr-*1o8, .ilffil~i'5-B0)~10J.ilffil~121 it, -T 
7 > ( T i ) , 7 > 7 Jv ( T a) , 7 > ::7''-7. 7 > (W) , :t 1; -~f 9-' > (Mo) , ::7 Pb ( 
Cr), Nd C::f/Jyb), 7Jv~;:::..r'Jl-:-, (A 1), ilDJ (Cu) /J"G}!;IH;ft1t.:JL~, j:f.: 
iil:.ill L kJL~~ mtft ~ 9 6ii~/J", l:.ill L t.:5C~ ~;fJL,:J;.l@J;b-ttt.:ii~JW, j: t.: lil:.ill L 
t.: JL~ ~ mtft ~ 9 6 ~1L:WcM$:9 6 0 frf:tc B 7 Jv ~ _:::::.. r'J A (A 1 ) -Z?~IDJ ( c u) 7J: ~,, 0) 
fl1\:tlM1L~~'riitt-+ cM$:9 6 (:: ~ fJ";~ j: L pfJ";, A 1 *1*c iirmtW~'rifJ";~ ~)' j: t.:m?J!5t L 
-Z?9P~O)Fo~~!L~/J{~60)c77 > (Ti) , 7 >7 Jv (Ta) , 7 //;f:7--7> (W) , 
:t 1J :f:Y-' > (Mo) , ::7 Pb ( C r) , N d ( ::7- 7J Yb) /J" G ~itttt-=: JL~, j: tdil:.i* 
Lt.:JL~~~h-ii.b-ttt.:ii~JW, j:f.:til:.illLkJL~~mt7t~96~1L:WcM$:96o 

(0074) 
/A:Pc, Jf- t--~ii 1 o 1 J::J:ij'- t--ii:&~fi 1 o 2 ~~ooi:irtJW9 60 '7'- t--ii:&~fi 1 o 
2 ii:7--7'\ 'Y Yi:i:fJ: ~"~ }iiP, JWJ!j[~ 5 0 ~ 2 5 0 nm~ 9 Oo 

(0075) 
fJU 7U;f, ij'- t--;tfl,~fi 1 O 2 ~ L --C :7--7'\ ·:1 7 ~~(: J: ~J ~1LY 1; ::r > JW~ .Iii l ", 1 O O nm 
O)Jlj[~cM$:96o /0~~- if-t--;t&r~ri 1o2ii2:0)J:-'JtJ:~1LY 1J::r>JWt:rNIE~t16 
ti O)ctJ: <, ~1L~1LY 1J ::r >JW, ~1LY 1J ::r >JW, ~1L7 Jv ~ _:::::.. r'J b, ~1L7 > 7 Jv}W 
fJ: ~''O)ft!!.OJ;t&~JW~ }iiP, (:: t1 G O);fj'f'_:j./J" G Jlt6 *Yi j: tdin!fii~ift~ L --C Mmt L --C ti~ 

(0076) 
/A\:, '7'- f-if:fl,~fi 1o2J::J:~~Ht-+fJ"GiJ:6~~JW~:7--/'\.y7~-Z?][g;g~~$cMmt 
~ 'L '§~Hi"'f -1:+*-'1 v 1 -r 1+ A 1 C T T , M W"'" t ''t2 1 --F'~ +-~ - * ± 'J '"o.>o ~i=t!.n:7i:0)1r/JJf'-'tC.. v \...Ve!-, , r, a, 1, o, lJ ~J.=Vci-"llJ/.,_JL~, a:.. 

tdil:.ill Lt.: JC~~ mtft ~ 9 6ii~/J", l:.ill Lt.: :re~~ rJLh-ii;;J-=>'ttkii~JW~fJ";~~f G t1 
60 (:2:cii, ~~JW~ L--C7Jv~;:::..r'Jb (A 1) JW~, --f0)7Jv~;:::..r'Jb (A 1) JWJ::. 
(: !l!:tl--C T i JW ~ flfi 9 6 o j: t-=:, ~~JWid:., 3 fi t11Jift ~ L --C B J: < , 7 > ::7" A 7 > JWJ::. 
t: 7 7 >JW ~ flfi L --C ti J: v '-c j: t-=:, ~~}Wli, Y 1J ::r > ~13-c!Y 7 Jv ~ _:::::.. r'J L}WO)*fii~ 
]li-Z?, 7 > ::7"-7. 7 >JWO)*fii~ift~ L --C ti J: Po 
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(0077J 
{Xt:, JJJ!'§![/JlJ:J:5g 1 OJOOt1L1o/7¥JJJ!1t/Jl (::zjs:~J]tE.OJ~~c ii5g 1 OJ I n - G a - Z n -0 
-*?F:**fi@/Jl) ~ 7-/'\ ''/ :7$cmt/Jl9 60 (:". (:". cii, I n 2 0 3 : Ga 2 0 3 : Zn 0 = 
1 : 1 : 1 ~ LJ::.. :7 -!f ''/ t-- ~ Jlii, ·" mt!Jl*#ii, EE1J~ o. 4 Pa~ L, '§![)]~ 5 o o 
vV~ L, mt/JlWiiJJ'.~~'ifili~ L, 7Jv:::f/fJ'7-mt~4 Os cc m~JJJ!AL-C7-/'\,y :7$<;/Jl~ 

fr-Jo I n203: Ga203: ZnO= 1: 1: 1 ~Lt::..:7-if''/ }--~~LRJl'f'H:}fiP-C 
t 'o (: t ~;b G 9» $<;/Jl1~J?tc:k~ ~ 1 nm~ 1 0 n mOJ*fi@'fJ[ ~15-tl I n -Ga - Zn 
-o*?F**fi@/JliJ~~mt~tl6(:~iJ~~6o ~.:B, :7-if,'/ t--OJmt:5tH::, ,'1X:/Jlff1J (o. 
1 P a r--.- 2. 0 P a) , '§1[/J ( 2 5 0 Vv ,____, 3 0 0 0 vV : 8 -1 > 7 cp) , 'ifill.Bt (~'ifill.----- 1 0 
o °C) , f3Z!liS'i1:7-/'\ ''/ :7 OJBX/Jl*14tct ~··~@l[fJijlfilJ9 6 (:". ~ c*fiff§'fJ'[oJ~~.J\:» *B@'fJ'[OJ 
~JJ:..>\:» u~tfl:-tt-1 .:::(ii, 1 n mr-._; 1 o n mOJiTilttlcfJij!Hfi ~ti. -J 6 ~ § ;t 6 o 5g 1 OJ I n -
Ga - Z n -O*?F:**fi@/JlOJ/JlMHi, 5 n mr-._; 2 O nm~ 9 6 o m~R'il, !Jlr::p t:*fi@'fJ[iJ~ 
~'i. tl6 ~ii, 15'1. tl6 *fi@'fJ[OJ-tt-1 .::::(iJ~/Jlw ~;l:fI;t 6 =k ~ ~ ~ tct G tct Pc ::z!s:~J]tE.OJ~~ 
c li5g 1 0) I n - G a - Z n -O*?F:**fi@/JlOJ/JlWli, 5 nm~ 9 6 0 

(0078] 
{X(:, m 2 0) 7 :;t }-- ') '/ :7''7 7 1' -If.'E~ff P, v 'V' 7- }-- -Y 7- :7 ~~$<;L, m 1 OJ I n -
Ga-Zn-O*?F:**fi@/Jl~x,y7/:7''96o -2:(:".c(iI TOO 7N (~*1L$1±~) 
~ Jlii, 't::.. r) x. ''/ }-- x ''/ 7 > :7''(: J: !J, @l~~~':;Bi, ''L, /G~tct~~fr~ ~:zt;: L -cm 1 OJ I n 
-Ga -z n -0-*?F:*7f.fi@/Jl 1 1 1 a, 1 1 1 b ~~.mt9 60 fct;B, -2: (:". cO)X ''/ 7 / 
:7" Ii, r) x. ''/ t-- x ''/ 7 > ·:7" ': ~N!.E ~ tl 9 F 7 -1 x ''/ 7 > .If~ Jfi i, "-C t J: i, "o 

(0079] 
{X(:, m 1 OJ I n-G a-Z n-O-*?F*7f-fi@/JlOJx,y7/:7"~1D]t: v'V'7- }---Y7-:7 ~Jfi 
i, "-C, x ''/ 7- > :7"': J: tJ /G~tct~~fr ~ ~:zt;: L -C '/ - 7- '§1[,fifi 1 O 5 a l!z ZY F v .{ >'§![tifi 
1 Q 5 b ~~,QX9 Q 0 2'.:: U)~O)J: ''/.cf-/ :7"15$ ~ G Lr) J: ''/ }-- J: ''/ .cf-//f'i_ t::.. (i F7-1 J: 

'/T/:7'~}fiP6o (:(:c(i, Si Cl 4~C l 2~BC l 30J~Ef:.-EJfJ';z_~J)ZJ/6fJ'7-~L 
t::.. F7-1x,y7/:7"(:J: !'.), A 1 /Jl~T i /Jl~fifiLt::..JJJ!'§![/Jl~x,y7/.7fL-C'/-7-'§![ 
tifi 1 0 5 a l!z u F v -1 >'§![tifi 1 0 5 b ~ ~.mt9 Q 0 .::: OJf';,t~c OJl!.fOOLRI ~LR! 3 ( B) 
(:~Lt::..o ~;B, (:O)f';,t~cO)J:jfil[3JiJ~LRJ6 (::;f§':1396a 

(0080] 
(:2'.::cOJX'/T/:~n:J:tJ, f3Zi:~mt9600t1L1o/7¥JJJ!1tfi~ti96Y-7-'§![,fifil 0 5 a 
OJ 1JlU TIO OJ flJ JJ'. e 1 l!z ul\ F v -1 > '§![ti Ti 1 o s b OJ ffiU TIO OJ flJ r!t e 2 ~ 2 o 0 J.,J l:_ 9 o 0 * ~r.ey 
~ 9 Q 0 OOt1L1o/7¥JJJ!1tfi ~ t9E:lv cxtloJ9 Q 2 ~ 0)'§1[,fiffiUTIO ~ 7- /'\~tf\ ~ 9 Q ('."_ ~ c' OOt 
1L1o/7¥JJJ!1tfi t= .:B ~t 6 Y - 7- '§![tifi OJ-lJlUTIOl!z D" F v -1 >'§![tifi OJ-lJlUTIO ~ :m~ 6 iiJU:!:!Xii, '§![ 
W*$~faiiJU~~ L -C~j'j~~ tt 6.::: ~ iJ~c ~ 60 

(0081] 
'i. t::.., -2: oJm 2 0) 7 :;t }-- lJ '/ .7f 7 7 1' - If.'£(::j3P-C, '/-7- '§1[,fifi 1 0 5 a &D'" F v-1 
>'§![tifil 0 5 b~IDlt:t:f*~c~65g20J~ffi]~l 2 2~~~~~'=!V~9o fct.:B, mzOJ~ffi]~ 
1 2 2 ii'/-7-jlljck;l ('/-7-'§![,fifi 1 0 5 a ~15-tl'/-7-jlljc*l) ~~8"]t:tiifm:~;h-CP 
60 'i.t::.., ~ffil~~~t:.:BP-C, mzOJ~~l 2 20)l:_'jj(:f¥{EL, ii~, mzOJ~ffi]~~!l!tct 

om 1 OJ I n-G a -z n-0-*?F:**fi@/Jl 1 2 3 iilj~f¥9 60 
(0082] 

'i. t::.., ~ ~ ~~(: .t3 P -C 1i, '/ - 7- '§![;fi[fi 1 0 5 a J!;z u ~, v -1 >'§![tifi 1 0 5 b ~ ID] t: t:f :f.:j. 
c~6~~'§![,fifi 1 2 4 ~37~90 'i. t::.., ~~~~t:;BP-C, ~~'§1[,fifi 1 2 4 O)l:_'jj(:f:ft:f 
L, ii~, ~~'§![tifil 24~£tct.QiglOJI n-Ga-Zn-O*?F**fi@/Jll 11 c 

iilj:l(f¥9 Q 0 

(0083] 
{X(:, v 'V' 7- }-- -Y 7- :7 ~ ~:zt;: L td3Z, ::k:Y\t: Bi9 -2: ~ fct < m 2 OJOOt1L1o/J¥ij!1t/Jl (::zjs:~JltE. 
O)~~ciim 2 OJ I n -Ga -Z n-O*?F:**fi@/Jl) ~.mt/Jl9 60 77 .::::(-y9Jlflf?t, =k 
7\.(:819 -2: ~ tct < 5g 2 OJ I n -Ga - Z n -O*?F:**fi@Jm~ $<;/m9 6 -2: ~ (i, if- }-- ~(fl 
~fi ~ .:':fc-ij!-ftJWOJWTIOi:-:J' ~ ~ ~"~11~~-tt~i,--,/~c~Jlic~ 60 -2: (:". cii, ~{1: 8 -1 > 
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"f-uJ I n, Ga, }'$zu Zn ~~~~1LW4'::ij!1*::7 -if'>' }-- (I n 2 0 3 : Ga 2 0 3 : Z 
no= 1 : 1 : 1) ~mp-c £~JX~ ::7 -if'>' t-- O)Fa~ ~ O)file;f~ 1 7 o mm, EE1J o. 4 
Pa, ~ifiE (DC) ~iL!RO. 5 k\i\T, 7Jv:::f/)(Ji~~~l±fl<nT'c,QX;/JJ96o t~;S, /'\Jv 
A ~ifiE ( D c) ~iL!R ~mp 6 ~' ~- .ij.iJil£~c '~» IJJµjfft;fp t> .t'.5]- ~ t~ 6 t.: &T:i '=* ~ L l \ 

o jg 2 0) I n-G a -z n -O*?F~7f;fi9§/jJO)B;µj[ii, 5 nm"-' 2 0 0 nm~ 9 6c *'* 
Jltl!.O)~~ctijg 2 0) I n -Ga - Zn -O*?F~7f;fi9§/jJO)/jJµj[ii, 1 0 0 nm~ 9 60 

(0084] 
jg 2 0) I n-G a -Z n-O*?F~Ji':69§B;ii, jg 1 0) I n-G a -Z n-O*?F~Ji':69§/JJ 
0) ,QX;IJJ*14 ~ ~t~ Git 6 -:= ~ c, jg 1 OJ I n - G a - Z n - 0 *?F~Jf:6 9§ /lJ J: v) t> ~<nID: 
tJ1:uJra'JP/JJ~96o fJU.:tii, ig 1 0) I n-G a-Z n-O*?F~~:69§/JJuJ!VtB;*14t:s~t 
6~~7J_AifiE~~ 7Jv:::f/jJ_7iJfE~O)l::t;J: !'.) l:Jjg 2 0) I n-G a -Z n-O*?F~Jf:69§/JJ 
O),QX;IJJ*14t:.:Stt 6~~jJ_7iJfE~O) d:i&T:i 6l::t;$7Ji=§;p*f4 ~ 9 6 o gf*f!tJ': ti, jg 1 0) I 
n -Ga - Zn -O*?F~Jf:69§/JJO)QX:B;*'f4ti, 'fflj:J_A (7 Jv:::f/, )Z[i~ IJ 91:.dJ:. ~") 
~l±fl<nT' (~ t.:li~~:iJ_A 1 0 %t1T', 7 Jv::J/j:J_A 9 0 %t1J:J ~ L, jg 2 0) I n-G 
a -Z n-O*?F~7f;fi9§/jJO)QX:/JJ*14ii, ~~~l±f!Y(T' ()Ui~~:iJ_AifiE~~ 7 Jv:::J/j:J 
:A ifiE~ 0) J::t; 1 : 1 J;JJ:.) ~ 9 6 o 

(0085] 
/XPc, 2 o 0°C"-'6 o 0°c, 1\~etJi:ti3 o 0°C"-'5 o 0°CO)~?t9l!:fl~ir-5-:= ~iJitif~ 
L po -:=-:= ctijcpt:}\;h, ~~~l±fl<n~ t.:ti::k<n~l±fl<nT'c 3 5 0 °C, 1 H'¥Fa~O)W,~:9l1fl~ 
fr-5 o ~ 0)~~:9l1fl': J: !J I n -Ga - Z n -O*?F~Ji':69§/JJO) J*~ v~JvO){ijjl!j[.ylj iJifr;b 
t16o ~ 0)~~:9l1fl'= J: t'.) :t--v 1J 70)f$11J~rn~9 6~iJ~jljl(!JJX:~ ;(16 k&T:i, -:= ~ cO)~~:W.!:fl 
(7C7.:::=--;vt~~) ii£~c&1:>6o IJ:..:S, ~~:9l1f1~1T-5 ::7.{ ~ /::~ni, jg20) I n-G 

a - z n - o ~~?F~7f;fi9§/JJO)JVt/JJiftc &1:>ttitt'¥t: PNXE ~ tt 9» f!JU.:t tilfill~~~i~,QX;{ftt:fr 
~Ll:JJ:l\ 0 

(0086] 
1A1:, jg 3 0) 7 :;1- r- 1; '/ !f 7 7 1 - If~ ~fri --., v-:; A r- y A// ~~mt L, :c '/' :r / :::n= 
J:~~~7J:.$7t~~7i:_L-C4'::ij!~m103~~mt96o -:=~c~IT007N (~~1~ 
ti~) ~JtiPt.:9.r.'>' f--:c,y"f-/~·,:J:tJ, ig20)I n-Ga-Zn-O*?F~Jf:69§B;~ 
~7i:_L-C4'::ij!~ml03~~mt96o 9.r.o/f--:co/"f-/~c~7i:_96~~, :co/"f-/~O) 
~iWiJ" G ~1ttm4'::ij!1*~{I}"±: L 'L, ::7 -!f '>' f-- O)ff~':{I}fljffi9 6-:= ~ iJic :e- 60 

(0087] 
~1ttm4'::ij!~ t: ~ ~ ;h 'L l "6 .{ /-:/ 9 b.-'\:> 7J 1J 9 l>. Ii, 'ffl~'frffif!i 0) &1:> 6 ~~ c &1:> 6 -:= ~ !Ji 
Ji] G tL 'LB ~J , :fl}flj ffi 9 6 ~ ~ ': J: ~ 'L, ~J'tiDiHt ~ CRJ 6 ~ ~ t ': ~1LW4'::ij!1* ~ Jti P 'L 
~,QX; ~ ;h 6 ~ r?a 0) :::::r _A t-- !f 9 / ~ CRJ 6 -:= ~ iJic :e- 6 0 

(0088] 
t~;S, jg 1 0) I n-G a -Z n-O*?F~Ji':6~B;~jg 2 OJ I n-G a-Z n-O*?F~Ji':[j 
9§ /lJ ti ID] t: :c ":J 7- -v / f-- ~ }ti l ' 6 t.: &T:i, -:= -:= c 0) :c '>' 7 / ~· i: J: v) jg 1 0) I n - G a - Z 

0 77 =l!cc:lli<-±aRl"f"'" 1t&::±:::~¥i'Z /" ~ A"""2 I G Z Q 77 =l!cc:J'¥r<-±aRl"f~ n- 7f:::::1t--~!J'ossn::KN'1'*.L"c1"'"oJo VE~ L, $ 0) n- a- .n- 7f:::::1r-~?AJss/tkC 

1.l:btlt.:jg 1 0) I n-G a-Z n-O*?F~Ji':69§/JJO)~UTIIHiff:~l~t16iJ\ CRJ4 (A) ': 
~9J:-5t:, IM'.~L'Ll"6jg10)I n-Ga-Zn-O*?F~Ji':69§/JJ111 a, 111 b 
ii:c '>' 7 ///" ~ ;h, jg 1 O)/'\ '>' 7 r fi 1 o 4 a, ig 2 O)/'\ '>' 7 r Ji 1 o 4 b iJi~JVt ~ tl6 
0 iJ:. ;S, 4'::ij!1*m 1 0 3 0) :c '/' T //,!"Ii, 9 .:L '>' }-- :c o/ T / ~· '= rNXE ~ ;h 9 F 7.{ :c '/' T 
/ ~· ~ ffi t "'L t> J: t "o t1J:. 0) If~ c 4'::ij!1*fi 1 O 3 ~ 7 -y ::f Jv~!Vt~JU~ ~ 9 6 ~IJJ f-- 7 / 
:/_7::7 1 7 OiJiff~c:e-60 -:=O)W:~cO)!fffOOCRJ~CRJ4 (A) '=~Lt-:o IJ:.:B, -:=O)W:~ 
cO)J:.OOCRJiJiCRJ 7 t::f§~9 60 

(0089] 
/Al' c, v :/_A }-- "'<_A// ~ ~~ L, 4'::ij!1*fi ~ 1.1 -5 f',f:~lifi&~B; 1 0 7 ~ ~mt9 6 o ]',f:~I$& 
~B; 1 O 7 ii_A/'\ '>' ::7 $t~ ~" ~ Jti P 'L {~ G ;h 6 ~1LY 1J :::::r / /JJ, ~1LY 1) :::::r / /JJ, ~1t~ 
1LY 1J :::::r //JJ, ~1L7 Jv ~ .:::=- 9 b./JJ, ~1~1L7 Jv ~ .:::=- 9 i>.B;, ~1t::7 / ::7 Jv/JJIJ:. ~" ~ Jti 
P 6 -:= ~ iJic :e- 6 0 
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(0090] 
{Xi:, 5g 4 0) 7 7t }-- 1) '/ /f 7 7 1 - If~~ffv 4 , v :/ -7. }-- '""< -7. !J ~]f;p)t L, 1*=ll:l$e~JJI 1 
o 7 O):c ,~rr- / ::7''= J:. tJ F v ~ /'§![tim 1 o 5 b i=~9 6 ::r / ::7 !l r- *- Jv 1 2 5 ~70mt 
960 ~k, (:(:cO):c,y-:f-/!J'''=J:.!J5g20J.IL!ffi~l 2 2'=~96::r/::7!l f-*-Jvl 2 
7 ti 70mt9 6 c ~ t-::, (: (: cO):c 'Y -r / !J"i= J:. vJ -g~m:tim 1 2 4 i=~9 6 ::r / >' !l r- * 
-Jv 1 0 9 'tlf;,QX:96o id:.:B, '""<-7.!J~~~UiffiX96t-=:&1), ID]t: v:/-7. l---'""<-7.!J ~JtiP'L~ 
6 '=if- r- $e~m ~ :c 'YT/ !J'' LL if- r-m:ti,=~9 6 ::r / ::7 !J r- *-Jv 1 2 6 ti ID] t: v 
Y -7. }-- '""< -7. !J c]f5$t9 6 (: ~ f.J\3zf ~ L Po (: O)~~c OJWfOOcm ~cm 4 ( B) ':7]':9 c 

(0091] 
t\:P c, v Y -7. }-- '""< -7. !J ~ P*~ L t-:fgt ]J!B}jtlj!'§l[ITTJ; ~ QX:JJI9 6 o ]J!BJjtlj!'§i[ITTJ;OJt:J;f_'). ~ L 'L 
,i, ~1t-1 / :/ r/ L (I n 2 0 3) ~~1t~ / :/ r/ L~ft::::z.:::((5-~ ( I n 2 0 3 - S n 0 
2' I T 0 ~ mfr~c 9 6) tJ:, ~,~A/~ 'Y ::7 i2t-~J l['Sg~~~* tJ:, ~, ~ m v \ L Jf5mt9 6 0 (: 0) J:. 7 
tJ:.t:J;f-').OJ:c,y-:f-/!J":911IUi:[g~*OJi:g'(]ln:J:. !Jff7o Lf.J'L, ~~':I TOOJ:c,y-:f-/!J''ii 
J~il[f.J\3%±_ L ~9v \O)c' :c 'YT/ !J":hoI1!1: ~ G~~9 6 k &') i=~1t-1 /yr/ L~1t:s!i'ciii 
~(I nz03-ZnO) ~JtiP'LBRv'o 

(0092] 
{Xi:, 5g 5 0) 7 7t }-- 1) '/ ::7'7 7 1 - If~~ffv 4 , v y -7. }-- '""< -7. !J ~]f;p)t L, :c 'Y 7- / !J"t: 
J:. !J /f~tJ:.f1i~:5t~ P*~ L 'L@J~'§![ti 1 1 O ~70mt9 60 

(0093] 
~t-=, (:0)5g50)7;;t r-1; '/!7"771-It~'=.:BP-c, -g~f1f~'=.:B~t6if-r-~(e~m 1 o 
2 ~§~m:i:t~ LL", -g~m:tim 124~&il~m:ti1 1 o ~c1*=t~~~f.J\lf;,1rX:~.h60 ~~ 
~c*'* 1 o 8 ii::r / ::7 !l r- *- ;v 1 o 9 ~11' L -c~~m:tim 1 2 4 ~ ~8"Jt=tiifm:9 60 

(0094] 
~ k, (: OJ 5g 5 OJ 7 7t f- 1) '/ !J" 7 7 1 - If~ t: .:BP 'L, 5g 1 OJ .IL!ffi-=t-& u"'5g 2 OJ l!iffi-=t-~ v :/ 
::::Z 1--- '""< ::::Z !J c~P~-=t-f1f~,:70mt ~ .ht-:]J!B}jtlj!'§l[ITTJ; 1 2 8, 1 2 9 ~J~9 o ]1!8Jjtlj!'§l[ITTJ; 1 2 
8, 129iiFPC~OJtiifm;t:mP6.h6'§i[ti~t-:ii~c*'*~id:6o 5g20)~-=t-l 2 2-1:.,= 
Jf5mt~.hkil!BF}tlj!'§l[ITTJ; 1 2 9 ,i, '/--7.~c*lOJA::tJf!iffi-=t-~ L-C~j'jt96tiifm:Jt1oJ)!iffi~'§![ti 
cdb6o 

(0095] 
t\:Pc, v:J-7.l---'""<-7.!l~P*~L, (:O)~~cOJWTOOcm~cm4 (c) '=7]':90 tJ:..:B, (:0) 
~~c 0) J:.OOcmf.J\cm 8 t:;f§ ':13 9 6 0 

(0096] 
~k, cm9 (Al), cm9 (A2) ,i, (:O)~~cOJif'-1---~c*'*.ILiffi~f1f~oJJ:.OOcm&u"'lm00 
cm~ -f .n-rti.cm/]': LL p 6 0 cm 9 (A 1 ) iicm 9 (A 2) g::i 0) c 1 -c 2 *lt=~ci-:/ t-=:WTOO 
cm1:;f§':1396a cm9 (Al) t:.:BP'L, {*§l$§.~~ITTJ;l 54J:.t:lf;fiX~.h6JJ!BJjtlj!'§i[ITTJ;l 5 
5ii, }\1Jl!iffi~~L-C~j'jt96tiif.9IT}t10J.1Liffi-=t-'§l[ticdb6o ~k, cm9 (Al) ':;BP-C, 
~-=t-f1f~c ,i, if- r- ~c*l ~ roJ t: t:tt-+ c70mt ~ tt 6 m 1 0) ~-=t- 1 5 1 ~, '/ - A ~c*l ~ roJ t: 
t:tt-'!-c70$t~.h6tiifm:'§![til 5 3 ~f.J\if-t--$§.~~fil 5 2~ftL-C:m:tJ:.!J, ]1!BF}tlj!'§l[ITTJ;l 
5 5 -Ctlj!iffi~.g--cp6o tJ:,;8, cm4 (C) t=cm7]':Lt-:]1!8Jitlj!'§l[ITTJ; 128~m1OJ)!iffi~1 2 
1 ~ f.J\tiPl!R LL v \ 6 f1f~:5t7'.J\ cm 9 (A 1 ) 0)]1!8Jjtlj!'§i[ITTJ; 1 5 5 ~ m 1 O))!ffiJ-=t- 1 5 1 f.J\tiPl!R 
L 'LL '6f1i~7H:xtJIG L 'Lv \60 

(0097] 
~ t-=, cm 9 c B 1) , &zYcm 9 c B 2) ti, cm 4 cc) t=7]':9 '/ - -7.~c*lf!iffi~f1f~ ~ ii~tJ:, 
6'/--7.~c*l~~fj~O)J:.OOcm&uWTOOcm~-t:-.n-r.ncm/]':LLP6o ~t-=:, cm9 (B 1) ii 
cm9 (B 2) $OJD 1-D 2~::~H=~ci-:/klm00cm,:t§':1396o cm9 (B 1) t:;Bt\'L, i*=§I 
~(e~ITTJ; 154J:.t:lf;Jft~.h6il!BJitlj!'§l[ITTJ;1 5 5 ,i, A1J~-=t-~ L-C~j'jt96tiifm:Jt10J.IL!ffi-=t
'§![tic dt:> 6 0 ~ t-=, cm 9 c B 1 ) i= .:BP -c, .1Liffi~f1f~c ii, if' - r- ~c*'* ~ roJ t: t:tt.:i-c70ro<: ~ 
.n 6 m:ti 1 5 6 f.J\, '/ - -7.~c~:l ~ m:Y\!fJ '=tiifm:~ .n6 m 2 oJ~-=t- 1 5 o o) T'n'= ij'- r- ;r.e 
~ti 1 O 2 ~ftLL":m:tJ:.60 '§![ti 1 5 6 ti5g2OJf!!ffi~1 5 O ~ ii'§![Y\!f]i:ffi;f.%L'L.:BG9 
, '§![ti 1 5 6 ~5g 2 OJf!!ffi~ 1 5 O ~~id: 61§![1.~L 1JUX. it7t=r-71 / !J'» G ND, O V fJ:. 
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~, i= ~'.fE'.9 .r1 ~1, / ,-{ .::;(xi-}R 0) t::. 61) O)~ _m ~ t::. i:tn~mxt* 0) t::. 61) o)~ _m ~ 70.Q)(:9 6 2: ~ 

fJ\c '6 6 0 ~ t::., m 2 0>Y#O-=t"- 1 5 o ~i, f*=~lit.a~im 1 5 4 ~fl' L -c ~BJilJ~JW 1 5 5 ~ ~ 
71.Eflt=:ti~ L -Ct- \60 

(0098] 
IT- r- ]llfe*l, '/- .A]llfe*l, &u~m]llfe**'ilfill~iff&t=JilS t: -c~~*~~t G *161:> O)c ~ 6 
0 ~ t::., ft#U-=ff1ipt= .:BP-c ~i, IT- r- ]life**~ ro:i~1.lz:0>m 1 O)ft#U-=f, '} - .Ajllje*.j ~ ro:i~1:iL0>m 
2 uJ{ffffl-=f, ~_Mjllje~~ ~ ro:l~f:ll0>m 3 0>ft#U-=t'-IJ: ~'fJ\~~.Tift/'( G .fl -C]llfe@'. ~ *16 c -f tl-rtl0> 
{1#U-=f-0>~ii, -f tl-rtlff~t~~c~~ttlli~t- 4 1:> 0> ~ L, *11't!!.~fJ\:lfM'§~JE9tl1i~t- \0 

(0099] 
2: 7 Le 5(g]0>77t f- l} 'J!f77"'1-If'!H-=:J: v), 5;&0>771 }--?.A:7~fi}=fiL-C, li{f
.b.IT- }-- 2iY 0) n 7- -y-*' Jv:iiY~JW f- 7 / y ::Z.. :7 c ~ 6 ~JW 1' 7 / Y .A :7 1 7 0 ~:ff9 6 !filj~ 
~Im r- 7 / y A :7 f1fp, f*=t~~ M ~ xrfX ~-ti: 6 2: ~ fJ\c '6 6 0 -f L -c' 2: .fl G ~ f!Jl!l l1 0) aru~ 
t=xtJilS L -c '"? r- l} :7 .At'\t-=:jllje@'. L -c lfill~f1fp~;f:J11JQ)(:9 6 2: ~ t= J: VJ 7 :7 T "1 -f'"? r- l} :7 .A:iiY 
0>~70~@'. ~fro~9 6 t::. 6!J 0>-7J0>£!f!X ~ 9 6 2: ~ f:;\c '6 6 0 *BJi*m:fic ii~1iJ:. 2: 0> J: 
7 t~£!f!X~ 7 :7 7 "1 -f? 1' lJ :7 .7.£;fJX ~ af ~o 

(OlOOJ 
7 :7 7- 1 :f? f- 1) :7 .A2ill0>Rf.I9§~70~@'. ~1-'F~9 6:ijffi'Jt-=: ~i, 7 :7 7- "1 :f? f- lJ :7 .7.£;fJX 
~' xtloJ~;fifJ\~~t G tlkxtloJ£tJX ~ OJFa~i=Rt-Iff§!i ~ ~~t' 7 :7 T 1 :f? r- l} :7 .A£;fJX ~ 
xtloJ£tJX~ ~!l±ll!E9 60 t~.:B, xtloJ£;fJX'-=:~~t GtlkxtloJ~;fi~ ~mEfJt-=::ti~9 6~iffi~ 
!fi~7:77-"'1 :f? t--1J :7 .A£!fJXJ:.t=~~t, ~iffi~!fi~~mff1i=:ti~96m4 O)ft#U-=t"-~ftffil-=f 
f1fpt-=:~~t 6 o 2: 0>m 4 0>{1#0-=fli, ~iffi~;fi~ !l±ll'.fE~f:\L, fJU 7c. liG ND, O Vt~ ~'t-=: §)i:'.fE'.9 
6 k 6!J O>ft!ffi-=t"-c~ 60 

(0101] 
~ k, **11't!!.0>7f;:;~1i, LRJ 8 0>!filJ~!f:J11JrJX1-=: ~IE~ .fl 9, LRJ 8 ~ ~i~t~ 6 J:.TIOLRJ 0>1JU ~ LRJ 1 
0 t-=:7090 LRI 1 0 cVi~_Mjllje*.j~~~t9, IT- f-it.e~!i~~1'~1*~ L-Clfill~~;fi~l~PJ-6-
7 aru~ 0) if- r- ]llfe;t;l ~ if- r- it.a~!i ~fl' L -c ;mt~ 6 ~ _m ~!fi!i ~ c1=*:t~'g _m ~ 70rIX9 6 wu 
c~ vJ, 2: 0>:ijff[§J, 'iim]llfe~~Bzu~m]llfe*-*~ :ti~0IT9 6 m 3 oJY#O-=fli'B~ffirl.9 6 2: ~ fJ\c '6 6 
0 t~.:B, LRJ 1 01-:::.:BP-C, LRl8 ~ro:lt:f1fP:5H-=:liro:lt:Z4~~mP-c§5lBJi96c 

(0102] 
7 :7 7- "1 :f? 1' 1) :7 .A2ill0>Rf.I9§~70~@'.,-=:.:8P-C li, '"? }-- lJ :7 _A:[k\-=:jllje@'. ~ tlklfill~~li 
~ tlii1J9 6 2: ~ t-=: J: -:> -C, !filJTIOJ:.t-=:~70/'\ :7 - /fJ\]fq}ft ~ tl-6 o §$ L < 1i~tR. ~ tl.f::.lfill~ 
~!fi ~ §t !filJ ~'§ltii t-::: xt JIG 9 6 xt loJ ~!fi ~ 0> Fa~ I-::: ~EE tJ { E1lho ~ .fl 6 2: ~ '= J: -::; -c , lfill~~!fi 
~ xtloJ~!fi ~ 0>Fa~i-=:]llfe@'. ~ tlt::.Rf.Iff§!i0>7t'¥~~fJ\ff;btl, 2: 0>7t'¥~~i:;\~70/'\ :7 - / 
~ L-Cft~~',::§,:r?,§~~ *160 

(0103] 
Rf.I9§~70~@'.0>i1Jlfill~70\-=: BP-C' *9§:5t-=f § 1i:0>JilS:]§ffJ\Hp t::. 61), ,Y!1~i:;\--i=_ t: 6' ~ k 
iii1Jlfill 0> it~tfJ\.-'f::. t: 6 ~ P 7 Fu~~fJ\~ 6 o Rf.I9§~70~@'. 0>i1Jlfill4'¥'P1~c9:13-96 t::. 6!J, :@TIO 
~~T~ 1 7v-.P..:8'61-:::ff 7, fiff§~, ~tEfiA~ afiitl6t!ii1Jtszfil(rtJ\~ 60 

(0104] 
~t::., iffimO)*~ffllJm~ 1. 51-&:tiL < li21-&L-1J:.i=962= ~cf!G13=i!JJ:~c~l3-96~ ~ 
1:>\-=:~7 v-.P.r*10>:5tl0~*1t::.~~71 -Jv F-fij=t-=::fi'616:tlri&~~~:JR96, fiff§~, 1-&iiJR 
tlli11~ofit.fl6tlliMszf!l(r1:> ~ 6 0 

(0105] 
~k, *9§~70~@'.0>~lfill~tt~~l3-96k6!J, /'\~:77,-f f-~L-C~~O>LED (~7t 
jl,-f 7J- F) 7tiJJ~ k li~~O) E L 7t~)Jt~ ~,,~ J=fi P-CTI07ti!J~;f:j11JQ)(: L, TI07ti)]it~;f:j11Jjft L -C 
P 6~7ti!J~3'.Rv L -c 1 7 v-.P.£tJXl*rcra~X,~'.Kftlii1J9 6t!ii1Jtszfil(r't> ~ 6c TI07ti!J ~ L 
-c' 3 fi~ J...11:. 0) L E D ~mp -c B J: p L' 8 E.~7t 0) L E D ~mp -c B J: p 0 3'.R v L -c 
~~O) LED ~f!JUiiWc '6 6 t::.6!J, Rf.Iff§!i0>7t$~~0)tl] V) ~*- :7,-f ~ / :7"t=i'Jv-tt-C LE 
D 0)~7t:7 ,-{ ~ / :7'' ~ ro:!M ~-ti: 6 2: ~ B c '6 6 0 2: 0>t!ii1Jtszfil(rli, LED ~f1fp:5tff1,=~~rr 
9 6 2: ~ fJ\c '6 6 t::. 6!J, t'¥ i = -aru TIO ~ r:1:i 6!J 6 ~ p ~T~JU~ 0) lU iifJ\~p H~1~~T 0) :ijff i'J' = 
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i;L ~~i't~1J OJ{5;iffiX~11*iJ\[Rl;h6 o 

(0106) 
= tt is O)~ix:mMxf,lir ~ *Jicij.i'J;t::i-1± 0 = ~ i= J: --::J -c» *ff§*;;r:~IJ"LO)m1J!illl!J:~t±:t~ ~, 0)*70!J:~'l't 
~ 1fE* J: v) t ci_z~ 9 6 = ~ fJ\c :e- 6 c 

(0107) 
**1.REOJJF;~c1~ G ;f1'6 n 7-r -*Jv2floJ !-- 7 > V' .A :7 /;J:, I n -Ga - Zn -O*?F**6 
9§1JIOJ¥~1*m ~ 7-r -*;vtF;mt~:&t~'=mP-c .:B VJ, ~wt~mM~'l't ~if9 0 t-= &T:i, c: .r11~ 0) 
~!KIMxf,lir ~*Ji cij.i'J;f-y-i± 0 (:: ~ fJ\c :e- 0 c 

(0108) 
j:f.:, ¥67C*;;r:~U"L~f'f~96~il, if~3"67'C~-=t"-OJ-:1]0J~;fi (fJ'/- F~ taf~) ii 
'{5;~iJJ~1-~L -tJU.~:.JfGND, ovt~~'t=~!I:96t.:&T:i, frffi)-j'-~~'=' 7:JY-F~11\:~i)J~ 
ill:, 1§U X. ~f G N D, O V id: ~, t: ~!I:9 6 t.: &T:i OJ m 4 OJ frffi)-f"-iJ\~~t G t16 o j: t.:, ¥67't*;;r: 
~U"L~ff~96~i'Ji:ii, Y-.Ajlljc~~, Bz<Jlf- J--jlljc*'*'=iJoX.-C~iJJ1~~**~~it6o 1fE 
--::J -c, friffi-1'-~~t= ~i, ~i!J1~~*l ~ ~7\l'f'H:ti®lr9 6 m 5 OJfrffiJ-1'-~ ~~t 6 o 

(0109) 
**1.REOJJf~~cii, if- 1--~t~m, if- !--¥e~m, Y-.A~!fim&zJq~,v~ >~!fim, Y 
-.A~t~X.1iFv~>ii,~t~ (In, Ga, &r_JZn~-6-c/Y~1L4o/7¥~i*fi), ¥~1*1i ( 
In, Ga, &ZJZn~-6-c/Y~1L4o/7¥~i*fi) ~P-]H(fi;f~J9:~if96~1JI!--7>-v'.A:7 
~ L, Jf- 1--it.flr~li*OO~ -:7°7 _A'?:mIJ.ccxJ§f9 6 = ~ (: J:--::J -C, ¥~ltfiOJ1JIW~~JJI 
t=Lt.=j:j:c, iJ"-:J~±~~~trPf!lUc:e-00 ld:.:B, ~JJicdt:>--::J-ct, if- J--¥e~fit=xi9 
6 'jlt!Ji'JfJ\+?tcdt:> 6 t.: &T:i~±~~1J:+?t1:tr11f!JU -~ t16 o 

(0110) 
**1.REOJJF;~t= J: --::J -c, 7l""" >7l"""7 l::tOJrWJ p~JJI 1-- 7 > V' .A :>r ~1~0 (:: ~ fJ\c :e-, ~wt~111 
!J:~t±: ~if9 0 ~JJI 1-- 7 >:;A :>r ~ -f'f~c :e- 0 0 J: --::J -c, ~7"!1=~11'1/J{rWJ < 1§n 1'1:0J J: 1r "~Im 

1-- 7 >V' .A :7 ~if9 6¥~1*~1J"L~t:l!:~9 6 (:: ~ fJ\c :e-00 
(0111) 

C*1.R!!.OJJF;~4) 
**11tEOJJF;~c1i, ¥~1*~U"L~ L-C~-=t"-~-/\-O)-f!jU~;;r:9o 

(0112) 
[Rill~, ~ff§*;;r:~U"L~~~id:6¥~1*~1J"LOJ~~L-C7~7~~?!--9~.A2:filOJ~-i'
~-/\- ~;;r:9o ¥~1*~1J"LOJ@l~~~i:mP Gt16~1JI !-- 7 >V' .A :7 5 8 1 ~ L-C 1i, * 
J.REOJJF;~ 3 c;;r:9@1~~~0)~1JI !-- 7 > V' .A :7 ~ ro:J;j;}JH:·ff~c :e-, I n -Ga - Zn -0* 
:1F**69§JJI~¥~1*fi ~ L -C-6-c/Y~Jm !-- 7 > V'.A :7 c dt:> 6 o j: t.:, *1.R!!.oJJF;~ 1 \:;;r: Lt.: 
J: -7 i:, ~1Lm¥~ltfi~t~1vcxirtu9 0 2-:JO)~ti~U00~7-/"tf;tk:~ 9 0 (:: ~ c, ~ 
W~fO~J{t~fJ\~~t G ttt.:1§~Jl: 1!1:0Jr'6'J P~JPJ; !-- 7 > y A :7 ~-fim;{__ t.:~-1'-~- /\ ~*:6!9 6 (:: 
~ fJ\c :e- 60 

(0 1 1 3) 
[RI 1 1 O)~-j'-~-/\-ii, 'Y~ .A !--~-Jv*;;r:jJ:r\;~}tjPf.:*;;r:~iJ"LO)ljUcdt:>6o 'Y~ .A 

!-- ~ - Jv*;;r:j]:r\; ~ (j:, 8 ~ ~\=~ t'.) ?t~t G ;f'Lf.:I*lf~'fj'[-f"- ~*;;r:~-j'-\:}tj" \ 6 ~-Hlific dt:> 
0m 1O)~!fifi&u'\m2 O)~tifiOJFJH:jlljciJ"L L, m 1O)~!fifi&u"'m2 O)~tifit=~ilr:~ 
~ ± t: ~ '1±-C I*JF;'fJ[-f"-OJ rtu :e- ~ f!JUfiW9 6 (:: ~ \: J: VJ , *;;r: ~ff -5 JJ~ c dt:> 6 o 

(0114) 
~JJI !-- 7 > Y .A :7 5 8 1 ~j: ~ !-- A if- !-- ;f~]g OJ~JPJ; !-- 7 > Y .A :7 c df:> ~), '/ - .A ~;fifi )Z_ 
ii F v ~ >~!fifi ii, m 1 O)~Jfifi 5 8 7 ~' ¥flr~fi 5 8 5 t:JF;W<:9 6 ~ D cti L -c .:B V) 

~7"1'f'H: ti®lr L -c P 6 o m 1 OJ~;fifi 5 8 7 ~ m 2 OJ~;fifi 5 8 8 ~ OJ Fs~ t: 1-J:~ e~JU~ 5 
9 0 a &u"'81§.~J{t~ 5 9 0 b ~if L, ml t'.) in&1*c~t.: ~ t1-CP6 :t-r 1:::''7 ~ 5 9 4 ~-25 
c/YI*JF;'fft-1'- 5 8 9 fJ\~~t G t1 -C .:B VJ, I*JF;'fft-1'- 5 8 9OJm]lttl1it~i~\'f~OJ:YEJJUt 5 9 5 c:Jt 
J:J1! ~ ;h '""( l \ Q ([RI 1 1 $ ~-~c ) 0 

(0 1 1 5) 
~ t.:, 'Y ~A!--~- JvOJ1\;t-:> i) \:, ~m'b1<i1J~-=t"-~ }tjP6 = ~ t DJ~~cdt:> Oo i~BJjld:j&1* 
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~, IE':::if;~LJ-:: 8 Pib&'fft~ ~ jc"ry::if;~L t-::~PJb&',f}[~~ ~iiA L k@.1~ 1 O µ m"' 2 O 
o µ. mt¥.rn'. 0 "'< 4 !7 o 7:J :ft Jv ~ Jfi 1t \ 6 o 5g 1 0~t:ifi ~ 5g 2 0~;f~fi ~ 0 Fa~ t::: ~~t G tL 
6 "'< 4 !7 o 7:J 7t ;vii, m 1 0~:f~fi ~ m 2 0~:f~ijf i= J: -:J -c, ~~/J{l:f-.:t G tt6 ~, a 
Pib&'fft~~, ~PJb&',fj[~/J{~<TJ:/Jrtt:H=:~i/JL, 8 :t k ii~~*T9 6 (: ~ /J{c :e- 60 (: UJ 
J]UI ~ fiiSJfi L t-::*T~~/J{~<z\~~i/J*T~~ c ~ iJ , ~~~ - f\- ~ J: litL -Cl \ 6 c ~m 
~iJ<.i1J*T~~ii, iflff§*T~~(:::J::t"'Z'LJXM$/J{r.:DPt-:&':>, :flfHl1J7 4 ~ 'i/f~c~ l'J, :t 
td¢fR~1J/J{1j\ ~ <, ~H{'f P~pffc 't:J*T~p~g~,g~9 6.:. ~ /J{OJi'H~c~ 6c :t k, *T~P 
t=~ilJiJi1~~€J~ ttt~i '~ilc ~ -::J -c 't, -r!t*T t.,, t-=1~~1=*:1'¥9 6.:. ~ iJiOJ~~c~ 6 t-: &T:> 

' ~~&'.~1§~!IiJ" G*T~~~·fi:e-¥lJ1*~@'. C*'=*T~@'., X.ii~T~@'. ~ ~fim9 6¥lJ 
1*~@'.~ 'tP7) ~~~''ttk~i'Jc~-:JL't:J, *T~;fi,f-::f~~15f:f¥L-C.B< (: ~/J{CiJ~~~ 
f~Q 0 

(0116) 
J,jl::_0It¥.\::: J: !? , ¥lJ1t~@'.~ L -C~)B::::t;z, ~ /J{1l\:~~ ttt-:~~~-.1'\- ~f1'~9 6.:. 
~ iJic :e- 60 

(0117) 
**JJ'tE0Jf3l'~JHi, *JJ'tE0ID~ 1 , *JJ'tE0ID~ 2, :t k ii*JJ'tE<TJJf3~ 3 t:::§c~ L k:f~mt ~ 100 
1Ltlidf.i'J;fy-J:t-C*JJ'tE9 6 (: ~ iJiOJ~~c~ 60 

(0118) 
C*JJ'tE07f3~ s) 

**JJ'tE0ID~cii, ¥lJ1t~@'.o-J-·fYIJc~6*T~®'.t:::.BP-C, roJ-£!fJXl::_t:::0't~ <~ti 
~!li/J[g]lf&0-~p ~' lllil~~p(:::]!§c@'.9 6~1W ~ 7/v~A!l~11'~9 61'i1Jt:::-:J p L J.:j T't= §52,HJj 
960 

(0119) 
lllil~~pt:::]!§c@'.9 6~1W ~ 7 /V ;z, !l ii, *JJ'tE0ID~ 1 X.ii*JJ'tE0ID~2 t:::tE-:J -c]f:;p1;t9 6 
o :t t-:, *Jl'tE<TJID~ 1 )(ii*JJ'tE0ID~ 2 t:::T9~JW ~ 7 / V ;z, !l ii n 7- CV ;;f Jv2f!l T FT c 
~ 6 k &':>, t!li/J[g]lf&<TJ 7 ~, n +CV ;;f Jv2f!1T FT c:f~mt9 6 (: ~ /J{c :e- 6 t!li1J[g]lf&0-~p 
~!llil~~pv)~JW ~ 7 /y _A !l ~ roJ-£;fJXl::_t=:IDQ)(;9 Oo 

(0120) 
¥lJtf~@'.UJ-~c~67!7~~7"'<~9!7;z,2f!l*ff§*T~@'.UJ7Po/!7~UJ-~~~l 
2 (A) (:::T9o ~ 1 2 (A) t:::T9*T~@'.li, £.ffx 5 3 0 0 l::_\:::*T~~~fim.:tk!llil 
~~~~~96lllil~$5301~, ~lllil~~~R96~~~H~[g]lf&5302~, ~R~ 
ttkllli1~~0~~~~~0A1J~~0096~~~H~[g]lf&5303~~~96o 

(0121) 
:t k, *JJ'tE0ID~ 1 X.ii*JJ'tE0ID~2 t:::T9~JW ~ 7 /:/_A !l ii, n +cv ;;fJv2f!lT F Tc 
~ !? , n 7-cv ;;fJv2f!lT F Tc;f~IJX9 61§~*j,~!li/J[g]l]!;;t:::-:J1t ''L~ 1 3 ~ ,Ffil "'L~BJ19 60 

(0122) 
~ 1 3 t:::T91§~;f.j~!li/J[g]lf&ii, F 7 4 /\I C 5 6 0 1, _A 4 'Y +£:f 5 6 0 2_1 """5 6 
o 2 M, m 1 0]!§c~~ s 6 1 1, m 2 0]!§c*i s 6 1 2, m 3 0]!§c;t.j s 6 1 3 &u"']!§c*i s 6 
21_1~5621_M~~96o ;z,."f'o/.:f--M5602_1"'5602_M~tt-rtt~, 

m10~1W~7/:/_A!/5603a, m20~1W~7/:/_A!/5603b&~m30~1W 
~7/y/...!J 5 6 0 3 C ~~90 0 

(0123) 
r 7 4 .1'\ r c s 6 o 1 iim 1 0 ]!§c;t.j s 6 1 1 , m 2 0 ]!§c** s 6 1 2 , m 3 0 ]!§c** s 6 1 3 

Ez u"']!§cif.l 5 6 2 1 - 1 ~ 5 6 2 1 _M ( niMC: ~ tL 6 0 ~ LL' A 4 'Y"T fi:f 5 6 0 2 - 1 ~ 
s 6 o 2 M ~tt-rnii, m 1 0]!§c** s 6 1 1 , m 2 0]!§cr.j s 6 1 2, m 3 0]!§cr.j s 6 1 
3 }'sz u"' ;z, 4 o/ 7-£:f s 6 o 2 _ 1 ~ s 6 o 2 _M ~ n-r n t= xi JIG L t-= ]!§c*l s 6 2 1 _ 1 ~ s 
6 2 1 _Mt:::tiiMr~ h6o ~ L -C, ]!§c~~ 5 6 2 1_1'"'--'5 6 2 1 _M~n-rnii, 5g 1 0 
~IW~7/V;z,!J5603a, m20~1W~7/:J;z,!J5603bEzu5g30~1W~7/ 
:J ;z, !l 5 6 O 3 c ~ft t.,, -C, 3 -:J01§~*lt:::tiMC:~ h6o fflJ.:tii, J JU§ 0]!§c*l 5 6 2 1 

J (]!§c;f.j 5 6 2 1_1~]!§c;f-.j5 6 2 1 _MUJ 7 ~ P9;fG/J'>-) ii, A 4 'Y 7-ii:f 5 6 0 2 
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J /J{::ff9 om 1 O)~g }-- 7 / Y _A !l 5 6 0 3 a, m 2 O)~g }-- 7 / Y _A !l 5 6 0 3 b ,& 
um30)~g}--7/:/_A!J5603c~ftLL, ~~~Sj-1, ~~~SJ, ~~~S 

j + 1 '::tiMG~tLoo 
(0124] 

tJ:.:B, m 1 O)jlljc*I 5 6 1 1, m 2 O)jlljc*t 5 6 1 2, m 3 O)jlljc~~ 5 6 1 3 i= ii, -r tt-t .t'L1§ 
~/J{A1J ~ no 0 

(0125] 
fJ:.:13, F7--1,1'\IC5 6 0 1 li, *Jf:(jff§£tJXJ::J::Jf;p)(:~;hLPo--: ~/J{~~ LPo ~ G':: 
' _A--{'>' -Tfit 5 6 0 2 _ 1 ,.___, 5 6 0 2 _Mii, lfill~fj~~ ID]-£tJXJ:J::Jf;Jrlt~ tlL Po(:~ 
/J{~ ~ L Po L k.. iJ"' 'J L, F 7 --1 ,1'\ I C 5 6 O 1 ~ _A --1 '>' 7 fit 5 6 O 2 _ 1 ,.___, 5 6 O 2 _ 
M ~ ii F P C tJ: ~,~ft LL tiMG9 o ~ J: Po 

(0126] 
tG::, [2] 1 3 t::~Lt-=:1§~*l~!li1J[g]!FfiO)l/J'fln::-::::>PL, [2] 1 4 O)!J--{ ~ //f-:f-:v- 1-- ~$ 
~,~ L Lg52,B}j9 oo fJ:.:13, [2] 1 4 vJ !l --1 ~ / !f-T :v - 1-- li, i ff§ O);;E]i*-*G i /J{m:JR ~ ;h 
L Po~iJO) !l --1 ~ / !f-T:v - }-- ~~ L LPoo ~ G (::, i ff§ O);;E]i*-*G i O)m:JRJtJIFa~ 
ii, m 1 O)y:fm:J=RMFE!JT 1, m 2 O)y-::fm:J=RMFa~T 2 &u"m 3 vJ-tt-:fm:J=RMFiflT 3 (::ff 
i1flJ~tLLPOc ~Gt::, [2] 1 3 vJ1§~*l~lli1J[g]lJ!~Hi, ffilO)ffO);;E]i*l/J{m:JR~;hLPo±~ 

ilc t:> lRl 1 4 ~ roJ;f~O)IM'f ~ 9 o o 

(0127] 
tJ:.:B, lRl 1 4 0) >' --1 ~ / ,'f-:r :v - r- ii, J 91J § O)jlljc*I 5 6 2 1 J /J{m 1 O)~im; r- 7 /:; 
_A!J5603a, m20)~g}--7/y_A!J5603b&um30)~g}--7/y_A!J560 
3 c ~ii-LL, 1§~~~s j -1, 1§~**s j' 1§~*-!S j + 1 (:::J=iMG~tLo~€J\::-::::>PL 
~LLl'oo 

(0128] 
tJ:.:B, lRl 1 4 0) >' --1 ~ / !f-T :v - r- ii, i ff§ O);;E=:f1i*lc i /J{m:JR ~ tto >' --1 ~ / !f, m 
10)~im;J--7/:/_A!J5603a0)~/·~70)!J--{~/~5703a, m20)~g}--7 

/y_A!J56o3b0)~/·~70)>'---f~/~57o3b, m30)~im;r-7/:J_A!J56 

O 3 c O)~/ · ~70)!1--{ ~ /!f 5 7 O 3 c&U'J91J§O)jlljc*l5 6 2 l_J t=:]\1J~;ho 
1§ ~ 5 7 2 1 _ J ~ ~ LL l 'o o 

(0129] 
tJ:.:13, jllj[.;**5 6 2 1_1"-'jlljc*l5 6 2 l_M1::iim1 O)y-::fm:J=RMFa~T l, m20)-tt-::fm 
:JfUt~Fa~T 2 &0"'m 3 O)y-:fmtRMFa~T 3 (::BPL' -f ;h-t;h)jljO) l'.:'y'~/(§~iJ{}\1J ~;ho 
o 1JIJX.l;f, m 1O)y-::fmtRMFa~T1 t::.:HPLjlljc*l5 6 2 1 _J t::A1J~;ho l::'-T-~1§~Lt 
1§~~~S J - 1 t::A1J~ ;h, m 2 O)y-::fm:JRJtJIFa~T 2 '::BPLjlljc*l 5 6 2 1 _J i::J\1J~ 
;ho l'.:'7'~1§~li1§~*1S j t=:]\1J~;h, m3 O)y-::fmtRJtJIFa~T 3 (::BPLjlljc*l5 6 2 1 
_J (::A1J~;ho l'.:'y'~1§~li1§~*lS j + 1 (::]\1J~tLoo ~I~\::, m 1 O)y-:fm:J=RM 
Fa~T l, m 2 O)y-::fm:J=RMFE!JT 2 &um 3 O)y-:_fmtRMFa~T 3 t::.:Bv'L, jlljc*l 5 6 2 1 
J \::A1J~;ho l'.:'7~1§~~-f;h-t;hD at a_j - L D at a_j, D at a_j + 
1 ~900 

( 0 1 3 0 J 
[2] 1 4 t=~9 J:-) (::, m 1 O)y:f:}~:J=RMFE!JT 1(::BPLm1O)~g}--7 /y _A !l 5 6 0 3 
a /J{~ / L, ffi 2 O)~g }-- 7 /:/_A !l 5 6 0 3 b & uffi 3 vJ~g }-- 7 /:/_A !l 5 6 0 3 c 
/J{~79oo c'.:O)~~, jlljc*l562 l_J(::A1J~;hoDat a_j-1/J\ miO)~g 
1-- 7 /:/7. !l 5 6 o 3 a ~ftL L1§~~~s J - 1 (::A1J~tLoo m 2 O)y:fmtRMFa~T 2 
cli, m20)~im;J--7/:/_A!J 5 6 O 3 b/J{~/L, ffil vJ~im;J--7/:/_A!J 5 6 O 3 a 
.&zYm 3 O)~im; r- 7 /:/_A !l 5 6 o 3 c /J{~79 oo --:: 0) ~ ~, jlljc*l 5 6 2 1 _J (::J\1J 
~;ho D at a_j iJ"', m 2O)~g1-- 7 /:/_A !l 5 6 O 3 b ~ftL L1§~*!S J '::A1J~ 
tLoo m 3 0)-!T-:fmtRMFa~T 3 cli, ffi 3O)~g1-- 7 /:/_A !l 5 6 o 3 c /J{~/ L, m 1 
O)~g }-- 7 / Y _A !l 5 6 0 3 a,& zfm 2 v)~g f-- 7 / Y _A !l 5 6 0 3 b /J{~ 7 9 o a C: 0) 
~ ~, jlljc*l5 6 2 1 _J t::)\.1J~;hoD at a_j + 1 iJ\ m3O)~g1--7 /y_A!J 5 6 
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O 3 c ~fl'-L-C1§~~'*s j + 1 t=A:tJ~tLoo 
(0131) 

L?Ll:.OJ ~ <:_ TJ'> f?J- [ZJ 1 3 UJ1§~**tllftf][g]gi!rii, 1 !f- [-- mtR-MFa~ ~ 3 ":) i=?til~IJT 0 ~ <:_ c 
, 1 lf- t-- .J1HR-MFa~ q=q= 1 -:J OJJ'lic*I 5 6 2 1 iJ" G 3 -:J OJ1§~*lt= ~'7'7t1§~ ~ A1JT o ~ 
<:_ fJ\c ~ o o Lt-=: iJL'J -C, [ZJ 1 3 OJ1§~**t1Ii1J[g]~ii, F 7 ~ /\ I C 5 6 0 1 fJ\]0p)(: ~ tL 
o£tJX <:_' lfill~fj~fJ\]0rft~ tL L Po£tJX <:_ oJtiMG't&~/(§~*-*O)i'Rt=.l::t/~L *11 / 3 t= T 0 
~ <:_ fJ\c ~ o o ffi¥5C:'t&fJ\7fn 1 / 3 i= tct o ~ <:_ t= J:.-:> -C, [ZJ 1 3 OJ1§~*1t!Ii1J[g]~ii, 1§~J[ 

111:, *~ ~ i) tct <:_> ~ loJ J::. c ~ 0 0 

(0132) 
tct.B, [ZJ 13O)J:.-)1=, 1 lf- t--mtR-MFE!J~~'t&OJ-l:t'-fmtR-MFa~(=:5t~JL, ~'t&OJ-lj-/']~ 
tR-MFa~ -f tt-ttti=.t~i '""C, ~ o 1 -:J OJJ'lic**iJ" G ~'t&OJ,f§~*l-f tt-f!tit= ~'7'7t1§~~ A1J 
9 0 ~ <:_ fJ\c ~ti it, ~III r- 7 /-:/A !7 OJJ'licl!"L-'\"'t&, t1Ii1J7J$tct <:_, iirNJE ~ titct 1t ,0 

(0133) 
l:YU ;t ii, 3 -:J J.,jJ::. OJ -IT /'m:fRJtij Fa~ -f tt-f! tL t = .BP -C 1 -:J OJ J'lic~'* iJ' G 3 -:J tj J::. OJ 1§ ~*1-f tL 
-:c ttt= ~'77t/f§~ ~ J\1JT 0 ~c§Jii, ~III r- 7 / v~ :A !7 Bz cF~III r- 7 /-:/:A !7 ~ f!JUfiEn--t 0 
kl:DOJJ'lic*l~ili1JoTtLiiJ:.Pc t-::t:!L, 1 lf- t--mtR-MFE!J~ 4-:J!,jJ::.oJ-l:t/'mtR-MFa~i=:5t 
~JT o <:_, 1 -:J OJ-IT /'mtR-MFa~fJ\*2 < tct o o L t-::fJ\-:> -c, 1 lf- t-- mtR-MFa~ ii, 2 -:J )Ui 
3 ":)OJ-IT /'mtR-MFE!Jt=:5t~J ~no~<:_ fJ\~ ~Li -.0 

(0134) 
Jj!J OJf;fU <:_ L -c, [ZJ 1 5 OJ !7 ~ ~ //f 7--- er - t-- t=~--t J:. 7 t=, 1 -:J OJmtR-MFa~ ~ 7° 1J 7- er -
-:/-M FE!J T P , M 1 OJ-IT /'mtRJtJI Fa~ T 1 , M 2 OJ-IT /'mtR-M FE!J T 2 , M 3 OJ mtRJtij FE!J T 3 t = 
:5t~J L -C 'b J:. Po ~ Gt=, [ZJ 1 5 OJ !7 ~ ~ / ·!f7-- er - f- ii, i 1T § OJ/:E~**G i /.i\mtR ~ 
tLo-!7~~/~ MlOJ~IIIt--7/-:/:A!75603aOJ7t/·7t70J!7~~//f5803 
a, M20J~IIIt--7/-:/:A!75603bOJ7t/·7t70J!7~~//f5803b, M30J~ 
IIIf-7/-:/:A!75603cOJ/J/·7t70J!7~~//f5803cJ'!;zuJ~§OJ~~562 

1 _J t=A1J~tLo1§~5 8 2 1 _J ~~L-CPoo [ZJ 1 5 t=~T J:. 7 i=, 7°lJ 7-er--:/ 
-MFa~T p t=.BP-C5g 1O)~~f-7 /-:;/A !7 5 6 0 3 a, M 2 OJ~III f- 7 /-:;/A !7 5 6 0 3 
b&u"'M30J~IIIf-7/-:/:A!7 5 6 0 3 cfJ\/J/Too ~O)<:_~, jllj[**5 6 2 1 Jt=J\ 
tJ ~.ho 7 1) 7- er - -:/~EEV p fJ\M 1 OJ~III r- 7 /-:/:A !7 5 6 o 3 a, M 2 OJ~~ r- 7 / 
-:/:A-!75603b&uM30J~IIIf-7/-:/:A-!75603c~ftL-C-ftL-f!tL~~~Sj

l, /(§~**s j, 1§~**s j + 1 t=/\tJ~tLoo M 1OJ-l:t/'mtR-MFa~T1t=.Btt\-CM1 OJ 
~~ t-- 7 /-:/:A !7 5 6 o 3 a fJ\;t / L, M 2 OJ~III t-- 7 /-:/:A !7 5 6 o 3 b Bzu"'M 3 OJ~ 
IIIf--7/-:/:A-!75 6 o 3 ci.i~7t7Toc ~O)<:_~, J'lic*l5 6 2 l_Jt=A:tJ~tLoDa t 
a_j -1 iJ\ M 1OJ~ijlf--7/-:/:A-!75 6 o 3 a ~ftL-C/(§~*IS j -1 t=A:tJ~tlo 

0 M 2 OJ-l:t/'mtR-MFa~T 2 -cii, M 2 OJ~III r- 7 /-:/:A !7 5 6 o 3 b fJ\;t / L, M 1 OJ~ 
III [-- 7 /-:;/:A !7 5 6 0 3 a }'k.uM 3 OJ~III f- 7 /-:;/:A !7 5 6 0 3 c fJ\/J7T Oo ~ 0) <:_ ~ 
, J'lic~'*5 6 2 l_Jt=J\:tJ~tLoDa t a_j fJ\, MZOJ~~f--7/-:/:A-!7 5 6 o 3 b~ 
ft LL 1§~*1 s j t=AtJ ~ tLoo M 3 0)-lj-/'mtRJtJIFa~T 3 cii, M 3 O)~III [-- 7 /-:;/A !7 
5 6 0 3 c fj\/j / L' M 1 O)~III [-- 7 /-:;;A !7 5 6 0 3 a Bz u·m 2 O)~~ [-- 7 / y A !7 5 
603bfJ\/J7Too ~OJ<:_~, J'lic*l5621_Jt=J,1J~tL0Data_j+lfJ\, M 
3 OJ~III J-.. 7 /-:/:A !7 5 6 O 3 c ~ft L -C1§~*1 S j + 1 t=.AtJ ~ tLoo 

(0135) 
J.,jl:.OJ ~ <:_ TJ" G, [ZJ 1 5 OJ !7 ~ ~ / !f7-- er - f- ~iOOJii L k[ZJ 1 3 OJ1§~*1t1Ii1J[g]~ii, -IT 
/'.J~tR-MFE!JOJ~iH= 7 1J 7-er --:/mtR-MFa~~~~t o ~ <:_ t= J:.-:> -C, 1§~*'*~ 71J 7-er --:/c 
~okl:D, lfill~"'OJ~'-T'7t1§~0J~~JZ::,;lf.~r'8'Jllt=1T7..: <:_fJ\c~oo IJ:.B, [ZJ 1 5i=.B 
P-C, [ZJ 1 4 <:_ [D];f~tct 'b OJ t= ~ L -C ii~JffiOJ{:-f~~ }iilt "L~ L, [DJ-fj~:ff ]Z(i[DJ;f~tct~~f'it 

~~To$:5tOJ~~IJ:~~~~~Toc 
(0136) 

~ k, /:E~~'*tlI!f!1J[g]~oJ~#mtt=-:J P -C ~BJiT o o f:E~*lt!I!f!1J[g]~ii, Y 7 [-- v-:/ :A !7, /\ 
'Y 7 7 ~~L -CPoo ~ k±~~t= J:.-:> -C ii v~JvY7 !7 ~~ L -CP-C 'b~l \0 f:E~*l~!I!f!1J 
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[g]~t=:BP'L, y 7 ~ LFV: A :7 '=:? o 'Y :71§~ cc L K) l!zu A :7 - ~ /'\Jv"A1§~ cs P 
) 7r~A1J~ t16 2: ~ t: J:.-:> 'L, ~tR1§~7'J{"i=_QX; ~ t16o ±mt~ ttk~tR1§~ti,1\ 'Y 7 7 t: 
;8P'L~ifj:~$~~;h, x'fJllS96~1l:rli:1~iMJ~-~T6o ~1Erli:ti, 1 7--{ /:7fO)lfill~O) ~ 
7 / y/.. :7 0) if- ~ '§l[ti7JqJMC:~ ti LP 6 o :Z:- LL, 1 7--1 /:7fOJ lfill~OJ ~ 7 /YA :7 ~ 
-)'fi: 0 N t: L 7J: < 'L tiiJ: G t~t "O)c\ ,1\ 'Y 7 7 ti:k~ t~'§l[ffir.~mt9 2: ~ '/J{OJf'itt~ 't:> O)'/J{ 
JiiPGt16o 

(0137] 
~1ErJR~lli1J[g]~O)-ij~(=JiiP6Y7~VYA:70)-~!~H:-:JP'L['.RI16&u"'lRJ1 7 ~ml\ 
'L§52,B}j9 60 

(0138] 
['.RI 1 6 (:y7 ~ VYA:70)[g]~t~$:~~9o ['.RI 1 6 (:~9-:/7 ~ VYA:7ti, ~~0)71) 
''/ 7° 7 P 'Y 7° 5 7 0 1 _ i ( 7 1) 'Y 7° 7 P 'Y 7 5 7 0 1 _ 1 ,...__,, 5 7 0 1 _ n 0) "J ti Ir' 9 ;h 
7'.J'<-) ct~nX~ tl6o ~ k, ig 1 0) :7 P 'Y :71§~, ig 2 0) :7 P 'Y :71§~, A :7 - ~ /'\Jv/.. 
1§~, 1J t 'Y ~ 1§~7'J{]\_1J ~ ;h 'L iMf9 6 o 

(0139] 
['.RI 1 6 O)y/ ~ VYA:70):fiMC:~1ikl=-:JP'L§52.BJi96o ['.RI 1 6 O)y/ ~ VY"A:7ti, i N 
§0)71Jo/77Po/75701_i (71Jo/77Po/75701_1~5701_nO)"J 
ti P9ti7J-.-) ti, lR! 1 7 '=~ L t-:m 1 O)jlljc** s 5 o 1'/J{m7 O)jlljc** s 7 1 7 _ i - 1 1= 
tiMC:~ tt, lRI 1 7 1=~ L t-=m 2 O)jlljc~~ s 5 o 2 '/J{m 7 O)jlljcrJR s 7 1 7 i + 1 '=mMC:~ .n 
, lRI 1 7 i=~ L t-:m 3 0)!11icrl 5 s o 3 '/J{m 7 0)111ic** 5 7 1 7 i t=tiMC:~ tt, lRI 1 7 '=~ 
L t-:m 6 0)!11icrl 5 5 o 6 '/J{m 5 0)1'1icrl 5 7 1 s i=ti~f~ tt6o 

(0140] 
~ k, ['.RI 1 7 (:~ L t-:ig 4 O)jlljc** 5 5 0 4 '/J{*f~N § 0) 7 1) 'Y 77 p ''/ 7°-c" ti5g 2 O)jlljc** 
5 7 1 2 t=tiiftJI:~ ;h, 11!\~N § 0) 7 1) 'Y 77 p 'Y 7°-c" t-im 3 O)jlljc** 5 7 1 3 t=tiMC:~ .t1, 
lR! 1 7 '=~ L t-=m 5 O)jlljcrl 5 s o 5 7J~m 4 O)jlljcrl 5 7 1 4 t=ti~m:~ tt6o 

(0141] 
t-=tc_0, 1N§0)71; 'Y 7°/P 'Y 7° 5 7 o 1 1O)lRJ1 71=~9m 1 O)jlljc*ts so 1 tim 
1 O)jlljcrl 5 7 1 1 (:tiMC:~ ;h, n N § 0) 7 1) 'Y 7°7 p 'Y 7° 5 7 0 1 n O)['.RJ 1 7 '=~9m 
2 O)jlljcil:* s 5 o 2 tim 6 O)jlljcrl s 7 1 6 (:tiMC:~ t16o 

(0142] 
t~ :B, m 1 0) jlljc** 5 7 1 1 , m 2 0) jlljc** 5 7 1 2 , m 3 0) 1'1icrl 5 7 1 3 , m 6 0) 1'1icrJR 5 7 
16~, :z:-tt~ttm10)~~a m20)~~a 5g30)~~a 5g40)~~~~~~ct> 

J:. p 0 ~ G '=, m 4 0) jlljcrl 5 7 1 4 , m s 0) jlljcrl 5 7 1 s ~ , :z:- tt ~.nm 1 0) '§i[iJJ*l, m 
2 O)'§i['iJJ*l ~~~ct> J:. t "o 

(0143] 
{A(:, ['.RI 1 6 t=~97 IJ 'Y 77P 'Y 7°0)~:f¥ffi(:-:JPL, ['.RI 1 7 (:~9o ['.RI 1 7 (:~97 IJ 
'Y 7°/P ''/ 7°ti, 5g 1OJ~ij~~7 /y/.,:)r 5 5 7 l, ig 2 O)~}W ~ 7 /YA:7 5 5 7 2, 
ig30)~JW~7/YA:75573, ig40)~JW~7/YA:75574, ig50)~]W~7/ 

YA:7 5 5 7 5, ig6 O)~}W~7/YA:7 5 5 7 6, ig7 OJ~}W~7/YA:7 5 5 7 7 l!z 
uig80)~JW~7/YA:75578~~96o i;t:;B, ig10)~JW~7/YA:75571, 
ig20)~]W~7/YA:75572, ig30)~JW~7/YA:75573, ig40)~]W~7/ 

y A :7 5 5 7 4, ig 5 O)~}W ~ 7 / y A :7 5 5 7 5, ig 6 OJ~]W ~ 7 /YA :7 5 5 7 6, 
m 7 O)~]W ~ 7 /YA :7 5 5 7 7 l!zuig 8 O)~]W ~ 7 /YA :7 5 5 7 81i, n 7--v ;fJv2!'1 
~7/Y"A:7c'Jbt), !f-~ · V-AFa~'§i[J± (Vg s) '/J{L~P][l't'§![J± (Vt h) ~J:.[g] 

-:;> k ~ ~ lJ.Iffitk:.~!H: 7J: 6 t> 0) ~ 9 6 o 

(0144] 
{A(:, ['.RI 1 6 t=~97 IJ 'Y 7°/P 'Y 70):fifMi:t~Q)<;(:-:JPL, i:'JT'\:~9o 

(0145] 
ig 1 O)~]W ~ 7 /YA :7 5 5 7 1 0)5g 1 OJ'§i[ti ( V- A '§![ti~ t-: ti F v--{ /'§l[t:iO)-jJ) 
'/J{m 5 O)jlljcrJR s 5 o 4 '=mMC:~ ti, m 1 O)~JW ~ 7 /YA :7 s s 7 1 O)m 2 O)'§i[ti c v -
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A ~t:i ~ k ii F v ~ / ~t:i 0) flhj]) iJ \m- 3 0) 111ic*JR 5 5 0 3 '= ti~0IT ~ ;h 6 o 

(0146) 
m 2 O)~JIJ r- 7 / y A 7 5 5 7 2 O)m- 1 O)~tiJJ"m- 4 0)111fc*-*M 6 0)111fc**- 5 5 o 6 i=mMIT~ 
tt, m- 2 O)~JIJ r- 7 /y _A !7 5 5 7 2 m- 2 O)~:f:iiJ"M 3 0)111fc*l 5 5 o 3 '=:tiMIT~ t16o 

(0147) 
m 3 O)~JIJ r- 7 / y A 7 5 5 7 3 O)m- 1 O)~tiJJ"m- 5 0)111fc*-* 5 5 o 5 ,=:ti~m:~ .n, m- 3 0) 
~JIJ !'- 7 / Y _A !7 5 5 7 3 O)m 2 O)~;f:iiJ'>M 2 O)~)iJ !'- 7 /YA !7 5 5 7 2 O)!f- !'- ~t:i 
'=HHifrr~ ;h, M 3 O)~JIJ !'- 7 /YA !7 5 5 7 3 O)!f- t-- ~:f:iiJ"M 5 O)gijc*l 5 5 o 5 t=:tiMIT 
~.hOo 

(0148) 
M 4 O)~JIJ r- 7 /y_A !7 5 5 7 4 O)m- 1O)~ti!J"m-6 0)111fc*l 5 5 o 6 '=:tiitifrr~ tt, m- 4 0) 
~JIJ r- 7 /y _A !7 5 5 7 4 O)M 2 O)~:fiiJ"M 2 O)~JIJ r- 7 /y _A !7 5 5 7 2 O)Jf- r-~ti 
(= :J'i1fm: ~;ft, m- 4 O)~)iJ )'- 7 / Y _A !7 5 5 7 4 0) lf- )'- ~:fiiiJ'>M 1 uJ~)iJ )'- 7 / Y _A !7 5 
5 7 1 O)Jf- f-~:f:i,=:tiMIT~ t16o 

(0149) 
M 5 O)~)iJ r- 7 / y A !7 5 5 7 5 O)M 1 O)~;f:i!J"M 5 O)gij[*l 5 5 0 5 (=:J'iMIT~ ,ft, m- 5 0) 
~JIJ r- 7 /y _A !7 5 5 7 5 O)M 2 O)~:f:iiJ"M 1 O)~JIJ t-- 7 /y _A !7 5 5 7 1 O)Jf- r-~ti 

'=:tiMIT~tt, M50)~!1Jl'-7/YA!7 5 5 7 50)/f-f-~:f:ifJ\Ml 0)111fc*l5 5 o 1 t=:tiMIT 
~.hoc 

( 0 1 5 0) 
m 6 O)~JIJ r- 7 / y A 7 5 5 7 6 O)m- 1 O)~tiJJ"m- 6 0)111fc*-* 5 5 o 6 ,=:ti~m:~ .n, m- 6 0) 
~JIJ !'- 7 / Y _A !7 5 5 7 6 O)m 2 O)~;f:iiJ'>M 1 O)~)iJ !'- 7 /YA !7 5 5 7 1 O)!f- !'- ~:f:i 
'=:tiitifrr~ ;h, M 6 O)~)iJ r- 7 /YA !7 5 5 7 6 O)!f- ]--- ~:f:i!J"M 2 O)~)iJ r- 7 / y A !7 5 
5 7 2 O)Jf- f-~:f:i,=:tiMIT~ .ftoo 

(0151) 
M 7 O)~)iJ r- 7 / y A !7 5 5 7 7 O)m- 1 O)~t:i!J"M 6 O)gij[*l 5 5 0 6 (=:J'iMIT~ ,ft, M 7 0) 
~JIJ!'-7/YA-!7 5 5 7 70)m-20)~:fiiiJ'>Ml O)~)iJJ---7/YA-!7 5 5 7 1 O)!f-!'-~;f:i 
'=:ti1fm:~;h, m-70)~!1Jl'-7/YA!7 5 5 7 70)lf-f-~:f:iiJ'>m-20)gij[*l5 5 0 2t-=::ti1fm: 
~ t16o Ms O)~JIJ r- 7 /y _A !7 5 5 7 s O)m-1O)~:f:iiJ"M6 0)111fc*-* 5 5 o 6 (-:::J'iMIT~ tt 
, m- s O)~JIJ r- 7 /y _A 7 5 5 7 s O)m 2 O)~:f:i!J"M 2 u)~JIJ r- 7 /y _A 7 5 5 7 2 O)!f 
-r-~ti,=:tiitifl:~,ft, M80)~!1Jl'-7/YA!7 5 5 7 80)ij'-t--~:f:i1J'>m-1O)gij[*l55 0 
1 \=:tiMIT~ ;h.Qo 

( 0 1 5 2) 
~B, m-10)~!1Jl'-7/YA!755710)Jf-!'-~~, M40)~!1Jf-7/YA!75574 
O)Jf-!'-~~' M50)~!1Jl'-7/YA!755750)M20)~~' M60)~!1Jl'-7/YA!7 
5 5 7 6 uJM 2 O)~:f:i&um-7 O)~JIJ r- 7 /:>A !7 5 5 7 7 O)m- 2 O)~:f:iO)tiMITffiilfiff~ / 
-F5543~96o ~Gt-:, M20)~!1Jf-7/YA!755720)if'-f-~:fi, m-30)~ 

JiJ r- 7 / y A !7 5 5 7 3 0) M 2 0) ~:f:i, m- 4 0) ~IW r- 7 / y A !7 5 5 7 4 0) M 2 0) ~t:i, 
M 6 O)~)iJ r- 7 /y _A !7 5 5 7 6 O)Jf- t--~:f:i&D"M 8 U)~/W r- 7 /y _A !7 5 5 7 8 O)M 
2 O)~;fiO)tiitifrrffiilfiff ~ / - F 5 5 4 4 ~ 9 6 o 

( 0 1 5 3) 
t~B, m- 1 O)gijc*-* 5 5 o 1, m- 2 O)gijc*l 5 5 o 2, M 3 uJ111fc*l 5 5 o 3 .&0"'m- 4 O)gijcifl 5 
504~, ~tt~ttMlO)~~~ M20)~~, M30)~~~, M40)~~~~af~c't 

J: Po ~ Gt=, M 5 O)gijc*-* 5 5 o 5 ~ m 1 O)~i)J*JR, M 6 O)gijc*l 5 5 o 6 ~M 2 O)~~*-* 
~af/vc'bJ:L'o 

( 0 1 5 4) 
~ k, 1§~*1~1Ii1J@llffr&u~1iJJR~!Ii1J@llffr~'*1Jt!?.O)M~ 1)Ui'*1Jt!?.O)lf~~2 t=~9 n 7- f 

:f.Jv:!f'JT FT O)df-cff~9 6 (:"_ ~ 'b 0Ji'J8c~ Oo ~1t1o/F¥·!J1*fi~ }t1P6 r- 7 /y _A !7 0) 
f$i1JJ3t,i:=k~L 'f::.(/), ~!Ii1J@JjffrO)~jKi1Jffll~Bz:~~rB] < 9 6-.:: ~ /J'>0Ji'J8~ t~.Qc ~ k, *1Jt!?.O) 
M~ 1 )Ui*1Jt!?.O)M~2 t=~9 n 7-f :fJv:!f'lT FT ii'/- _A~J'[tl.1X)(Ji F v~ /~J'[t!.1Xt= J: vJ 
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~±~_m/J\{5;wx~t16t-:<'b, fl'D~Ez~~~ 1!4: (f~~,14:~0Sf-iit16) fJ\r.:DPo 11U7c..ii, ~JJlE(l)lf::; 
@ 1 )Zt;i~JJlE(7)7f5@2 l=T9 n 7-y ;fJv2:flT FT~ }iiv \f-:/:E3'1H.j~!Ki1J[g]iffrii, r.:Diit=iM"F 
~it 6 ~ ~ fJ\d:\*6 k <'b, 7 v-LrnliEz~~ r.:D < 9 6 ~ ~, ~ t-=: ii, ~llIDTIOtlfiA ~~:a!9 
6~ ~IJ:~'t~f~96~ ~fJ\d:\*60 

(0155) 
~Gt=, /:E:11i;f.j~!Ki1J[g]lfltuJ r. 7 /y:A. :7 (7)7-y ;fJv$~~*~ < 9 6 ~ ~ ~, ~~(7)/:E:11i**
~!Ki1J[g]lflt~jlljcU"l'.9 0 ~ ~ t~ ~,,= J: "'J -c ~ G '=r.:DP7 v-Lrnli~~~~f~9 0 ~ ~ iJ~tt\* 
6 0 ~~ (7) /:E:11i;f.j~!Ki1J [g] iFfr ~ jllj[!U'r 9 6 ~[§}ii, 111\~ff (7) /:E:11i~~ ~ ~!Ki1J9 6 #& (7) /:E]i;f.j~!Ki1J 
[g]jffr ~ J=lffiU 1= jllj[!U'r L' *t~fr(l)/:Ej[;f.j ~ ~!Ki1J9 6 k <'b (7)/:Ej[;f.j~!Ki1J[g]jffr ~ .z (7) JXxiffiUI= jllj[! 
U"l'.9 6 ~~I= J: t'.), 7 v-Lfl'D~Ez~~ ra'J < 9 6 ~ ~ ~~f~9 6 ~ ~ fJ\d:\*60 

( 0 1 5 6) 
j: k, "¥-ij!1i'~U'r (7) ~{JU c ~ 6 7 /;7 7- -1 :f -Y f-. lJ /;7 :A 2f13'E.7't£ZT~ U'r ~ 1"f~ 9 6 ~[§}, 0-' 
t~ < ~ B ~-:J (l)llfil~(=~~(l)~Jm r. 7 /YA :7 ~jlljcU"l'.9 6 t-=: <'b, /:E:11i;f.jt!Ki1J[g]jffr~~~jlljc 
U"l'.96 ~ ~/J\Yfj: LPo 7/77--1 :f-y f-.1) /;7 :A2:f13'e7t£ZT~U'l(l)':fP '>' /;7cm(7)~,f1U~cm 1 
2 (B) l=T9o 

( 0 1 5 7) 
cm 1 2 (B) t=T93'e7G£ZT~U'rii, £1JX 5 4 0 0 J::.i=£ZT~~~1/ffi7c..kllfil~~~~~9 
0uru~$5401~, bllID~~~~90m1(7)/:E:11i~~~[g]iffr5402&~m2(7)/:E:11i~ 
~~[g]iffr54o4~, ~~~ttt-=uru~~(7)~-r~~~(7)An~~oo90~~~~~[g]iffr5 
403~~~960 

(0158) 
cm 1 2 (B) t=T93'e7G£ZT~Ll"l'.(7)llfil~'=An~t16 l:::''-::T'~1§~~7'V::7Jvlf::;:r\~96~ 
[§}, uru~ii f-.7/V::A:7(7)~/~~7(7)t7PJ~7c..l=J:~-c 3'e7Gt L < li:JF3'e7G(7):[k@~ 
t~ 0 0 J: ~ -c aafl~~lijj$j: tdiH~FEi.l~Wl'il$~ JiiP-C ~Wi'tl(7)£ZT~ff 7 ~ ~ fJ\c ~ 00 TIO 
fl~Wl'tl$ii, 1 uru~~~~(l)~uuru~t=nWIJ L, b~Uuru~~3sn·n= l:::''-T-~1§~'=£0v ~-c~oc 
111~ it 6 ~ ~ t= J: -_J -C, ~~lijj£ZT~ff 7 ~!KiM~c~ 60 j: k H~Fa~~Wl'U$ii, llfil~/J\¥e7[:9 
6MFa~ ~f!JUfiW9 6 ~ ~ '= J: "'J -c, ~Wl'Il£ZT~1-T 7 t!Ki1J$c ~ 60 

( 0 1 5 9) 
¥e7t~~ii, 115l.fili~~t~ ~'t=l:t-''Zc M)~}i)J'.!J\r.:D P(l)c' W:fili~~ J: t'.) B H~Fa~~Wi'tl$(,::}jjij 
L-CP6o ~1:t8'lt=H~FEi.l~Wi'tl$c£ZT~ffiJ:7t:!ffc§J, l 7v-LMFa~~~~(7)y-::f7v
LMFa~l=:5tWIJ9 60 .Z L -C l:::''7~1§~1=iti:P, :67--::f7 v-LJl:JiFa~l=.:BP-Cllfil~(7)3'e7G~ 
~~3'e7Gj: tdi:JF3'e7G(7):[k~H=9 60 ~~(7)7--::f7 v-L1JiFa~'=nWIJ9 6 ~ ~ '= J: ~ -C, 
1 7 v -L;ltijFa~ tj::t t= llfil~/J\~~'= ¥£7t9 6 MFa~ (7) r. - :7 Jv U)~ ~ ~' l:::''-?'~1§~\= J: iJ f!JU 
009 0 ~ ~ fJ\c~, ~~lij]~£ZT9 0 ~ ~ fJ\c ~ 00 

(0160) 
t~;S, cml 2 (B) (,::T93'e7G£ZT~U'rcid:, ~-:=>(7)llfil~l=:A---f,y7//;7''}iiTFT~, ~ 

ifrtf!JUfiW m T F T ~ (7) 2 -:=> ~ jllj[!U'r 9 6 ~[§}' A --1 'Y 7 //;!''}ii T F T (7) Jf- r. jllj[!;f.j c ~ 6 m 1 
(7)/:E:11i**-t=An~ t161§~~m 1/:E:11i~~~!Ki1J[g]iffr5 4 O 2 c±J!X; L, ~ifrtf!JUfiWJii T FT (7) 
Jf- r. !111c;f.jc ~ 6 M 2 (7)/:E:11i~'*'=An ~ t161§~~m 2 uJ/:E:11i;f.j~!Ki1J[g]iffr s 4 o 4 c±m<: 
L -CP611U~TL -CP6/J\ m 1 (7)/:E:11i**-'=An ~ *161§~~' m 2 (7)/:Ej[;f.jl=An~ t1 
61§~~ ~, j=l(t= 1-=>(7)/:E:1[;f.j~!Ki1J[g]iffrc±l!X;96 J: 7 t= L -C t.R:Po j: k, 1JU7c..ii, :A 
--1 'Y 7 //;7''~~/J\~9 6 b f-. 7 / V: :A :7 (7)'/}:l;J= J: "'J -C, :A--{ 'Y 7 //;7''~~(7)!f!]Jflp ~f!JUfiW9 
6(7)t=JiiPGtt6ml uJ/:E1i*l/J\, bllID~t=~i~~~tGt16~~t~~Ji~60 ~(7)~[§}, 
~~(l)m 1 (7)/:EJ'ii**-'=J\n~ tt01§~~, ~-c 1 -=>(7)/:EJ'iiif.jtoci1J[g]iffrc±m<: L -ct.RP L 
, ~~ (7):~/:EJ'iiif.jl!Ki1J[g]lffi c±m<: L -c t .Rv \0 

(0161) 
~ k, 3'e7G£ZT~Ll"l'.l=.:Bv \c B, ~!K!f!1J[g]jffr(7) 7 t>, n 7-y ;f Jv2:f1T F TctJJJ!X;9 .Q ~ ~ fJ\ 
c ~ 0 tociiJ[g]iffr(l)~~~~ uru~~~(l)~Jm r. 7 /:>A :7 ~ roJ~£tJXJ::.,=Jt;itX;9 0 ~ ~ fJ\c ~ 0 
o j: t-=:, 1§~;f.jl!K!f!iJ[g]iffr&ZJ/:EJ'ii;f.jl!K!f!iJ[g]jffr~~JJlE(7)lf::;@ 1 xJi~JJlE(7)lf::;@2 t=T9 n 7 
-y ;fJv2:flT F T(7)d-J-cf"F~9 6 ~ ~ t 0Ji'Itc~6o 
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(0162] 
UJ:. OJ If'H: J: !J, "¥-ij!ft~il"l ~ L 'L 1.§~Jl'ri OJ ra1 Ir \~~~il"l ~ f'F~9 6 2: ~ fJ">C: ~ 6 c 

(0163] 
**Jl'tEOJJf~~ii, tthOJ*JJ'tEOJJ0~i=§c'ti L t-:t:J11J.W<: ~ @l[~tlid}.t'J.b-tt'L*JJ'tE9 6-:= ~ iJ~OJi'}t 
c~6o 

(0164] 
C*JJ'tEOJJf~~ 6) 

**Jl'tEOJ]0~C:~, "¥-ij!~~il"l~L'L%7t~~~il"LOJ~~~9o ~~~il"LOJ~96~~~ 
-1'- ~ L 'L ii, 2: 2: C: ti:c v :7 f'- P Jv ~ .:f- '/ t / /Z ~ fUJti9 6%7t~-i'-~ Jti P 'L~9 o :c v 
:7 1--- PJv ~ .:f- '/ t / _::::z ~:fUJti9 6%7t~-=t'-ii, %7tMf'~fJ"'~~1tii1o/JC:~6fJ\, ~~1tii 
1o/JC: ~ 6 iJ"(: J:--::> 'L !Y)jU ~ tl, -~l'J\H:, ~U~li~~ EL ~-i'-, 1tz~ii~t~ EL ~-1'- ~[]Sf 
iitl'LP6o 

(0165] 
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tff1t'1/J\r'81 <, ml.:fJ'_AO)j,'iJ:P1jf:§j7 -1 JvA Olr1i v) !@J;b-1±-7 -1 JvA, ~~**~f1U~1m'f7 -1 Jv 
A~) -'\:> 7:J /'\ - it c /'\ '/ Jr - -/ / /f (ii ),.J 9 6 2:: ~ iJ >;tff ~ L lr "o 

(0190] 
~tc..m1uJ£i!J45o1J::.t:~itGt1k..@l~f'f~45o2, 1§~*-*~!ti1J[g]~4 5 o 3 a, 4 
5 0 3 b, Bzu"'/:E1i*l~!ti1J[g]~4 5 0 4 a, 4 5 0 4 b ii, ~Im}-- 7 /-/_A !J ~~f'i(:f] L 
LBVJ, CR12 o CB) c~i, tfill~f'f~4 so 21=~~t16~lmt--7Y-/_A!/4 s 1 o ~, 1§ 
~*l~!ti1J[g]~4 5 0 3 a(:~~t16~lm~7/-/_7!/4 5 0 9 ~~1JU~LLP6o 

(0191] 
~Jm }-- 7 /y _A !J 4 5 0 9, 4 5 1 0 1i, I n -Ga - Zn -O~;Jf:~if:EifiliJW~"¥-lJtf!i 
~ L L6-clY1§~Jf't1:0Jr'BJlr \~J]t!!.OJJF;~ 1 1=~9~JW r- 7 /-/_A!! ~.IOOm9 6 ('.: ~ /J\c ~ 60 

(0192] 
~ t-= 4 s 1 1 iiJ£7t~-=t'-t=!f§ '*IL, J£7t~-=t"-4 s 1 1 1J>;:ff9 o tfill~1@:iic ~om 1 OJ1@:ii 
Ji 4 5 1 7 ii, ~JW ~ 7 /-/_A !J 4 5 1 0 OJ'/ - _A 1@:ti!i ~ k.. ii F v --{ Y1@:ti!i ~ 1@:7\lfJ 
t:ffi;Wrr~t1LP6o IJ:.:BJ'f.7't~-=t'-4 5 1 1 OJtJimtii, mi uJ1@:ti!i4 5 1 7, 1@:WJ'f.7't!i 
4 s 1 2, m 2 OJ~ii!i 4 s 1 3 OJfl!itJJJE!:c~ o /J\ *~JJt!!.OJJt;~t=~ L t-:tJJmtt=PNJ:E 
~ t1 iJ: Po 3£7't~ -=t'- 4 5 1 1 /J \ G IlJ t) tb 97'tOJ1J 1oJ iJ: ~, t: ii ;b -1±- L , 3£7't~-=t'- 4 5 1 1 OJ 
tJJmtii.@1[3t;t 6 ('.: ~ /J\c ~ 6 0 

(0193] 
~1!£4 5 2 0 ii, :ff!f{1M~1~\=f}W, ~~iftit~JW~tdi:ff~~l} -:/P:\=--l:t/~,EfiPLJf;/ft96o 
:t~1=®7t't1:0Jttt-+~m1r» m 1 OJ1@:!f-i!i4 s 1 7 J::.t=~of'f~~Jt;mtL, --t-OJ~of'f~OJ~UI!£ 
/J\:il!;Wrr L k.. BE2¥-~t~ -~ L 7f5mt ~ t16 ftJl:r;J.OO ~ t~ 6 J: 7 ': Jt;,QX:9 6 ,:: ~ /J\tff ~ L lr \0 

(0194] 
1@:-J1!.3£7't!i 4 5 1 2 ii, ~~OJ!ic!f1!l!Vt~ t1 LPL '8, ~~OJfi/J\fj{fi ~ t16 J: 7 t:tJJ/ft 
~ t1 LPL '8 ~'t> G c '8N:Pc 

(0195] 
.ZS;..:-.1.L*.::Z.4 5 1 1 i~illfk.* -Jv* -Jv.4. ~i!!fk.,,tv'-'-'*~._;,\13 A 1 t~t \ 1- ~ i~ 1$" 2 O)'filWcl:[FF.2 
Jt.J L.* J ~ '- l=l;(.7k, /J'-7fo::, /J'-/ J , -1=17.1 LE'<:.*--J N '3(/ \. l./ cl.: ' d-- "J I'-, 7f7 ~11'L!t!I EJ 

4 5 13)'$z(J"~i!£452 OJ::.t:1jf:§jljJ;~lf5/ftLLBJ:lr 4 0 i*=§IJW~ LL1i, ~1tfi~JW, 
~1t~1tfi~JW, D L C JW~ ~ ]f;/ft9 6 2:: ~ /J\c ~ 6 o 
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(0196] 
~ k., 1§~*1~11i1J@]lf&4 5 0 3 a, 4 5 0 3 b, ~1i*!1l~11i1J@]lf&4 5 0 4 a, 4 5 0 4 b 
, ~t-:ti@l~fjp4 5 0 2(:1}-;tG;h6:@tfi1§~&D"'§lt1:1Lti, FPC4 5 1 8 a, 4 51 8 
b n' G e=tm~ t1 c J, "60 

(0197] 
**l.REO)JF;~cti, :ti~ftiffi-i7"-'§ltti4 5 1 5 fJ\ :¥£7t~-i7"-4 5 1 1 fJ~~9 6 ffi 1 O)'§lttifi 4 
5 1 7 ~ ID] t: ij!'§lt~fJ' G JF;BX; ~ ;h, }tffi)-j'"-'§ltt~ 4 5 1 6 ti, ~~ !- 7 > :/ 7'. !7 4 5 0 9 , 4 
5 1 O fJ~~9 6 '/ - 7'. ~if'ifi & u F v ~ >~tifi ~ID] t: ij!'§lt~fJ' G tf;fj)t ~ ;h c i, \ 6 c 

(0198] 
:ti~1tiffi-j'"-~;fi 4 5 1 5 ti, F P C 4 5 1 8 a fJ~~9 6 }rfffi-j'"- ~, ~:!J1!1:ij!'§lt~ 4 5 1 9 ~ft 
L c~:ZUfH:fi~~ tic i, \60 

(0199] 
:¥£7't~-i7"-4 5 1 1IPG0)760)JlZ vJ te L :JJrtiH:1:JLU"L9 6£/fJJ(: ti, ffi 2 oJ£!fJ3Uifil7t'l'ictJ: 
~tti.tftJ:GfJ:Po -fO)~i],:li, 71'77'.;f)J, 777'.7,y::7!f)J, ~1):c7'.-TJv/1JvJ.,,.~k_ 

ti 7 ::7 1J Jv 7 '1Jvb0) J:. 7 tJ:fil7t 1!1: ~~9 6ttt-l~ J=i=n-. 6 0 

(0200] 
~k., :n:J1Ut4 5 o 7 ~ Lcli~~-'\='7Jv:=f>~~,O)/F~l5111:tJ:Y\1*0)ft!!J:, ~?7Hl11~1U~1 
ijl'f ~ t-:: ti~M~1r:J~1ijl'f~mP6:: ~ fJ~c ~, P v c C ~ 1J ~';:::..;v ::7 P 7 ~ F) , 7 ::7 1J Jv, 
~ 1) ~ ~ ~" :c~~Yt~1ij\'f, y lJ ::::r /ffl1ij\'f, p v B (~ lJ ~';:::..;vf77Jv) ~ k.tiE v A 
(:c7 v > ~';:=..Jv7t-T- !-) ~mi, \6:: ~ fJ'i;c ~ 60 

(0201] 
~ t::., £,~-c&btitt, :¥£7t~-i7"-0)JftitelIH=ffmJ7tt&, )UiP11FmJ7ttrx Cr~P1111fli7ttJX~15-v) , 
f:JLt§~!fIX (/\/4/fJJ, /\/2/fJJ), 7:J7-71 Jv!7tJ:~'0)7't$?'71 JvJ.,,.~J001t~~tctiJ:. 
Po ~t-=:, 111fli7ttJJXliP3111fli7'ttJJi:JXJ[fi~:1Jil~~~~tcti J:.Po 1JUX.tf, *[filO)[l!J[Jt:J:. vJ 
JXM7't ~ t~ID: L' H~ !J ~di-~ 11\:~c ~ 6 7 > T ::7" v 7:911II~1.RE9 ('."_ ~ fJ~c ~ 6 0 

(0202] 
1§~**~11i1J@Jlf&4 5 0 3 a, 4 5 0 3 b, &cf~1i*!1l~l1i1J@]~;;.4 5 0 4 a, 4 5 0 4 b li 
, J.lU:ml=tU~t ~tit-: *7f;59§"¥-ijif*£tJJ, QX;i, \ti*e~£!fJJl:_t:*7f;59§"¥-iji1*1JlXti$7f;59§"¥-iji 
1*/Jlt= J:. -Jc JF;mt ~ ttt-=~11i1J@J!E&c*~ ~tic Pc ti J:. t ,0 ~ t-::, 1§~*1~11i1J@J!f&O)d/-, 
QX;Pti-fjp, xJi~1i~~~l1i1J@Jjf&O)d/-, QX;Pti-fjpO)d/-~ JJU:mtF;BX: L c*~ L c ti~<, 
**111EO)JF;~ti[R]2 O (A) &D"'IZl2 O (B) O)Jf~BX:t:~NJ.E~;htJ:Po 

(0203] 
L?Jl:_O)If.'£(: J:. 'J, muJB:::::r A i- ~"fl\:~ L t-::¥£7t*~~U"L C*~/" t-;v) ~ f'f::mu9 6:: ~ n~ 
c~6o 

(0204] 
**l.REO)JF;~ti, *1.REO)JF;~ 1 , *1.REO)JF;~ 2, ~ t-=: ti*J.REO)jf;~ 3 t: ~cti L k.t~mt ~JOO 
1tif'Jtd:l-iit>-ttc*l.RE9 6:: ~ n~DJ~l§-c &b 6 0 

(0205] 
C*J.REO)JF;~ 7) 

**l.REO)JF;~cii, "¥-ij!1*~@'.0)-JF;~i=t§ ':139 6 i&N§*~/\:?-JvO) l:_OO&u'\Wfaat=~ i, \ 

c, [ZJ 2 1 (A 1 ) , [ZJ 2 1 (A 2 ) , [ZJ 2 1 ( B ) ~ m Pc ~B}j 9 6 o LR! 2 1 (A 1 ) 
, [Zi2 1 (A2) ti, ffil 0)£;f/X4 0 0 l l:_t:tf;BX;~;hk.*J.REO)jf;~l c~Lk. I n-G 
a-Zn-O*::?F:*7f;fiff§ijl~"¥-ij!1*fi~Lc15-c!Y~/Jl!-7>:/7'.!74 0 1 0, 4 0 11, 
&u'\115<.9§~-j'"-4 o 1 3 ~, ffi 2 0)£;ffx4 o o 6 ~ O)Fs~t: y- Jv;ft 4 o o 5 t: J:. -J ciiil L 
k., /\:?-JvO)l:_[fil[R]c&btJ, [Zi21 (B) ti, [Zi21 (Al)' [Zi21 (A2) O)M-N 
t= .:8 ~t 6 Wf [fil[ZJ t:;f§ ':13 9 6 0 

(0206] 
ffi 10)£;fJJ4oo1 _t_t:~~tGtlk.®!~f1fp4 o o 2 ~, ~1i*!1l~11i1J@Jlf&4 o o 4 ~ ~l±tlc!Y 
J:.7t:Lc, y-Jv;ft4 0 0 5fJ~~~tG;hcP6" ~t-=lfill~fjp4 0 0 2 ~, ~1i**~l1i1J@J 
lf&4 0 040)l:_(:5g20)£;ffx4 0 0 6fJ~~~tG;hcP6o J:.-::Jc@l~fjp4 0 0 2 ~, ~1i 
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~H~~~4004~~- M10£~4001~y-~tt4oos~m20£~4006 
~(=J:~e. *filiijf4 O O 8 ~~i=lt11:.~tleP6" :ikM l 0£t/X4 O O 1 _1_0y-Jv 
tt 4 o o s i= J: ~ elttl :t .he P 0~JU~ ~ ii~tct 0~&t~i=. llU:mm:¥: ~ .nt-:£:fJX_1_i=*®fili 
"=F!J1:tmtxJi:§:®fili"=F!J1*/Jic70mt~ t1J:1§~~-*tlli1J~~4 o o 3 /J\~~ ~ tl et "oo 

(0207) 
tct:B. llU:m70,'1X: L t-:t!li1J~~0t:iH0I:/J~~ii. l~H= ~IU.E ~ .n0 tJ 0c iitct <. co c /J~~
'7 '1 f~/-T'-1 /!f/Jtt. ~P1iTAB/JttiJ:~,~ffiP62: ~/J\c~oo [212 1 (A 1) 
ii. C 0 G/Jtt(= J: !t) 1§~~-*tili1J~~4 0 0 3 ~~~9 61§Uc&t:i v). [212 1 (A 2) ii. 
TAB/]~*(= J: t) 1§~*l~lli1J~~4 O O 3 ~~~9 61§Uc&t:i 60 

(0208) 
:tt-:5g 1 0£tJX4 o o 1 _l:_'=~ttGtlklfill~~~4 o o 2 ~- ~1i*l~lli1J~~4 o o 4 ii. 
~III f. 7 /YA !7 ~~~~?Fr Le :B !J. l2I 2 1 ( B) c /,i, lfill~~~4 O O 2 '=~:t ti 6~/JI 
f. 7 /YA !7 4 0 1 0 ~. ~]i~~~lli1J~~4 0 0 4 (,::~;t ti6~/JI J--. 7 / y:A !7 4 0 1 1 
~~1§U~LeP6o ~Jmf.7/y:A!J74 O 1 O. 4 O 11_l:_(,::it%e~fi4O2 O. 4 O 2 
1 /J\~ttGtieL"oo 

(0209) 
~/Jif.7/YA!7401 O. 401 lii. I n-Ga-Zn-O~JF**EifiliJW~"=F!Jtffi 
~ L e~u~Jfili.070~ 1 i=~9~/JI !--- 7 /YA !7 ~100ffl9 6 (:". ~ /J\c~ 60 ~JW f. 7 /y 
:A !7 4 0 1 1 ii. ~Jfili.070~ 10[211 i=~L t-=:~JW f. 7 /YA !7 1 7 0 i=t-§':139 60 

(0210) 
:i k. *fili~-=j"-4 0 1 3 /J\::Ff9 6 lfill~~tifi 4 0 3 0 (,i, ~JW f. 7 /YA !7 4 0 1 0 ~ ~ 
Y\lfJ t=tiifm:~ t1et-"6 o -t Le i&fili~-i"-4 O 1 3 0xifO:Jm::tiifi 4 O 3 1 riffi 2 0£tJJ 4 O 
O 6 _1_t=70,IJX:~ ti --C P 6 o lfill~m::fiiji 4 O 3 O ~ xifOJ~tifi 4 O 3 1 ~ *filiri 4 O O 8 ~ 
/J\:mfct~eP6~~7fiJ\ *fili~-=j"-4 0 1 3 (,:::f§':1396a iJ:B. lfill~m:tifi4 0 3 0, xifO:J 
m:t:ifi 4 O 3 1 ii-t ti-:Ct1J!Nc[O]JW ~ L e~~~9 6 *&~ti 4 O 3 2, 4 O 3 3 /J\~tt G tl. 
*e~fi4 o 3 2. 4 o 3 3 ~1rLe*filiri4 o o 8 ~HH~LeP6o 

( 0 2 1 1 ) 
tct:B. 5g 1 0£tJX4 O O 1. M 2 0£;f)X4 O O 6~Le1i. 7J7 A, ~~ (1\~lf](,::(iA 

T / v A) • -1? 7 ~ "/ !7 A. -;f 7 A 7- 'Y !7 ~ ffi P 6 (:". ~ /J\c ~ 6 o 7° 7 A 7- 'Y !7 ~ Le li 
. F R P ( F i b e r g 1 a s s - R e i n f o r c e d P 1 a s t i c s ) ;fJX. P V 
F (~ 1J l:'';:::..Jv7 Jv/t 7 '1 F) 7 -1 JvL. ~ 1J :cA 7-Jv7 -1 JvL :t tdi7 !7 1J ;vf1¥1m=r7 -1 
JvL ~ JtiP6 _::: ~ /J\c ~ 6c :i k. 7 Jv ~;:::.. r'J LIT-'1Jv~PvF7 -1 JvL-'\='~ lJ XA 7- Jv 
7-1 JvLct~!vt-:::t1!JJ£t0y- f. ~JtiP6 (:". ~ 'bc~oo 

( 0 2 1 2) 
:i k 4 o 3 5 ii*&r~JW~~tR!fJ(,:::c '/' 7- / :7'9 6 2: ~cf~ G tl6:fi~l*:0A~--ltc &t:i !J. 
lfill~m:tifi 4 0 3 0 ~ :XifO:J~:tifi 4 0 3 1 ~ 0Fd]0Ji!E!~ (-l?Jv~ -v 'Y 7) ~f!JUnW9 Q k 60 
t=~~tGt1eP6o fct;Bf>J{;tk0::z..~--lt~Jtiv"ePe'bftPo :ik. xifO:J~:fifi4 0 3 1 
li. ~JW !--- 7 /YA !7 4 o 1 o ~ ro:J-£;fJJ_l:_(,::~tt G tl6~Jffim:1JU-*~ ~Y\lfJ(=ffiifm:~ t1 
6 o ~iffitiifm:~~~ ffi v '\ e. -xi 0£;fJXFs~ (=J!Nci!"L ~ t16!J~11';ft',fft-=j"-~1r Le xifO:Jm:tifi 4 O 
3 1 ~~Jffim:1:ft*l~ ~m:Y\lfJt=tiifm:962: ~/J\c~oo iJ::B. !Jm:t±:'fiL-=t'-liy-;v;ft4 0 
0 5 (,::;3'1J~tJ:Q 0 

(0213) 
:i k. J!NcfO:JIJI~ flit- 'lfctt ":f;v-t§ ~~9*9§ ~fflv 'le 'b J: v 'lo :f;v-:f§1i*filit§0-~c 
&t:i !) • ::::r v A 7- lJ 'Y !7 *fili ~~~Le P < ~. ::::r v A 7- lJ 'Y !7 ;f§iJ'\ G ~/Jlf§"'-!!iJ;~9 6@. 
~u1=¥£I~9 0 :f§c &t:i 0 0 -:f;v-t§ii~v '\~rn'.iTilttlc L h-¥£:6! Lid': t '\ t-:: 60. ~rn'.iTilttl ~ c:tz~ 
9ot-::60t= sm~%t:1_1_0:JJ'17;vJ'f!J~~ail~ttt-:*fili*Ji,'1X:~?a~mPe*filiri4 o o si= 
)tiP6o -:f;v-l-§~~9i&fili ~ 7J ,-[ 7 JvJ'f!J ~ ~~ui15lfili*Jin~/[o/Hi. J!iS~.'r:sRntiJ\ 1 0 µ s r--./ 

1 o o µ s ~ :*li <. 7t"FlfJ~/J'l'ic &t:i 0 t-= 60 j'ljcloJ:W!:Il/J\~~c dt:i vJ. :?Jiff~ 1:txt¥ti/J\1J\ ~ 

(0214) 
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~B*~~0~~~~~~~~*~~~0~c~6h\ ~~~~~*~~~ct~~~~ 
*~*~~~c't)[lij}iic~6" 

( 0 2 1 5) 
j: k, *~~0~~0*~*~~~cVi, £tJX0~1JtU CZJt~~,ffilJ) (::1Jlfli7ttJX~~~t, rg{Jtij(:: 
~em, *~~~~=ml \6~t:im ~ l \ -J Jl!I'fJ=~~t 61/IJ ~~9h\ 1llfli7ttrxii£trx0 rgffiU'=~ 
~t--c t J:Po j:tc_, 111fli7ttJX~~emcrJfimt~1Ett*~~0JF;~'=rIUE:'2=ti-9, ifmi7ttK&U' 
~em 0ttt-f"'\:'1t~If'E:*d4'= J: ~ --C@l[~JE9.tHi J: l \0 j: t::., -f 7 'Y !7 ~ r- l} !7 A~ 
L --C~~~9 6J117t!m~~~t--C t J: l \0 

(0216) 
j:k_, *~~0JF;~c~, ~lmf.7/V7-70*00~8~~~96k~, &U'~~f-7/ 
V7-70~Htt~~L'2=~6k~, ~~0JF;~lc~Gtlk~~f.7/V7-7~~~~"'\:' 
-'f-t§i~~e~im~ L--c~~~~96*e~m C*e~m4 o 2 o, *e~m4 o 2 1) c~-Jt~m<:~t~ 
~ --C P6 o ~B, 1'l!:~l~ii, ::k:5!\rf:t '::Af-]llf9 61J~'.[o/J"'\:'~~'.[o/J, 7]<~5!{t~ ~, 0)-5*/f*it!.'.fo/J 
01~A~r1J<''t::.~0B0c~ I'), ¥b*t~~h~3zfj: LPo 1'l!:~l!mii, 7,/\o/ 7$~,JiiP--C, 

mt1tfi~~, ~1tfi~~, mt1t~1tfi~~, ~1ti®t1tfi~Jm, mt1t7 Jv ~ ~ r) Lim, ~1t 
7Jv ~ ~ r) L~, i®t1t~1t7 Jv ~ ~ r) A~, )Ui~1ti®t1t7 )v ~ ~ r) L~0~m, )Uifi 
mctF;$:9tiiiJ: Po *~~07f1~cii1'l!:~I~~ 7-/\ 'Y 7$ctf;fflt9 61JIJ~~9h\ ~~'= 
rNJE'2= t19P CV D~'it~ ~,0fi 110jj~'li.ctf;fflt9tiiiJ:. l\o 

(0217) 
c: ('.: c t·i, f'l!:~lim ~ L --c fimt~JEt 0 ~eit~m 4 o 2 o ~ JF;mt9 6 0 c: ('.: c ii, *e~m 4 o 2 
0 0 - m § ~ L --C, 7- /\ 'Y ':l $~}ii l \ --C mt1tfi~Jm ~ tf;fflt9 6 o f'l!:~IJm ~ L --C mtitfi~Jm 
~}iiL \6 ~, '/ - 7-~t:im,&rJ F v,,f /~t-:im ~ L --C}iil\6 7 Jv ~ ~r; L~0 e o 'Y !7 r1J 
il:J::~:fJ*h~~ 60 

( 0 2 1 8) 
j:tc_, f'l!:~l~0=m§ ~ L--c~e~m~JF;mt96o c: c: cii, c: 2: cii, *e,~m4 o 2 o 0 
=m § ~ L --C, 7-/\ 'Y 7$~ }iil \--C~itfi~~~tf;$:9 60 f',f!:gj~ ~ L --C~itfi~~~ }ii 
P 6 ~, -J- f. 1) r) L~0,,f 7l /h~~!J1:t~Jit~r::p (::1~A L --C, T FT 0~5!{~~1r1 ~3t1t'2= ~ 
6 2: ~ ~trnf!JU9 6 2: ~ h~c ~ 60 

(0219) 
j:tc_, f'l!:~l~~JF;mtLtdffi:'::, ~!Jwm07~-Jv (3 o 0°C~4 o 0°C) ~ff~--c t J: 

(0220) 
j:tc_, -'f-t§1t*fl,~Jm~ L--C*e~m4 o 2 1 ~JF;fflt96o *fl,~m4 o 2 1 ~ L--Cii, ~1J ,,f 
~ F, 7 !7 1) Jv, ~ lJ ,,f ~ F, ~ / ".f "/ !7 o -:f-T /, ~ 1J 7 ~ ~', :c~ ::t-"/~0, mtt~~1!1: 

~1J9 61J~ttt+~ }iiP6 2: ~ h~c ~ 60 j: t::.Lgc1J~ttt+0tttr.,=, fng*~*t1t+ c i o 
w- kt1f-f) , y P ::t--lt /*t\!i~\=i, PS G ( l) /7J7 7-) , BPS G ( l) //j{P /:11'7 7-
) ~~!iiP6 2: ~h~c~6o t~B, 2:tlG0t:t:f:J-cJF;JlX:~ti.6*e~Jm~~~nm~~6 2: 
~c, ~&~m4 o 2 1 ~JF;JlX:L--CtJ:Po 

(0221) 
t~B"/ o ::t--Jt /*tl!i~l'i ~ii, "/ o ::t--Jt /*11t-f ~ tt\~M1t-f ~ L --C tf;$:'2= tit::. S i -0- S 
i ~~~~<bl~i~\=i,::;f§"396a "/P::t--lt/*l~i~\=iii~~£~ L--Cii1J~£ (1JIJ:Zii7Jv::t
Jv£"'\='71J -Jv£) "'\='7 Jv7Jo£~ )iiP--C t~Po j: t::., 1J~£ii7 Jv7Jo£~1JL --CP 
--Ct~Po 

(0222) 
*e~m4 o 2 1 0~mt$ii, ~~'=rNJE~ti9, -t0ttt+,=nsc--c, 7-,./\,y 7$, soc{~ 
, 7-~/~-}-., ~~'Y~ 7-~v-~~, ~~~tt\$(,,f/!7V~'Yf-$, 7-!71}-/ 
ITTfr1JU, 7!7-t:,y f-ITTfr1JU~), F!77--J--17, o-;v~-7-, fJ--T/~-7-, -J-,,f 
7~-7-~~}iiP62: ~iJ~c~6o *e~m4 o 2 1 ~t1'f"l-*~}iiP--CJF;$:96:ij5-2'J, ~ 
-!7 9 6If'Ec[DJH~'=' "¥-!Jwm07 ~-)v ( 3 0 0 °C....._,4 0 0 °C) ~ff~ LBJ: po ~(e 

~m40210~m<:I~~~!Jwm0Y~-~~•~62:~c~*J:<~!Jw~~~~~ 
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9 o (: ~ /J{OJi'It~ id:oo 
(0223) 

tfill~~t©Zm4 o 3 o, xirtu~iim4 o 3 1 ii, ~1t:7 >::7''/Z'i->~~13---1 >yt:Jl->.~1tm 
, ~1t:7 >::7''/Z7>~~13'1' >yt:Jb:cIEt21~1tm, ~1t7:7 >~~13---1 >yt:Jl->.~1tm, 
~1t7:7>~~13---f>yr/b.~~1tWJ, ---f>yr/b.~~1tWJ (tJT', I TO~:;r;:9c), 
'1 >yr;, b:cIEt21~1tm, ~1tJr --1 ~~~~no L tc..---1 >yr;, b.~~1tmtJ: ~, 0Jfil7t1r1 ~~9 o 
lJ~'rittt~ ~ m L , o (: ~ l;{-c ~ o 0 

(0224) 
j: tc.., tfill~~iim 4 o 3 o, xirtu~iim 4 o 3 1 ~ L -c lJ~1!1:r8Jff~ ClJ~1r1~ 1J '"? -

~ tJ L "-J) ~-3-u"lJ~,11:~JLBX:w ~mi," c Jt;.BX:9 o (: ~ /J{-c ~ o 0 lJ~,ri~JLBX:m ~mi," c Jt; 
.BX:Lt-:tfill~~iiii, y- ~:jf\Jr[/J{l 0 0 0 OQ/DtJT', i&'.~5 5 0 nm,-=::i'3~tofil7't$ 
/J{ 7 o %tJJ:. -c~ 6 (: ~ /J{:W-:i L Pc :i k.., lJ~'ri~JLBX:m'=~j: tLolJ~'rir8Jft-~OJ:Jf\J1i: 
$/J{O. 1 Q · c mtJT'c~o (: ~ /J~Yfj: L Po 

(0225) 
lJ~'rii'BJff~ ~ L c Ii, it "V ~ o n ~~~ijt*lJ~'rii'BJff~/J{Jti it" o (: ~ /J{c ~ o o f:!U ;t 
it, ~ 1J 7 ~ 1; >:it-:: ii-t OJ§*lJ1*, ~ 1J ~ P - Jv j: tdi-t OJ§*lJtf, ~ 1J 7-:;t 7 X- > j: 
tdi-tOJ§*lJ1*, :tiL < 1i(:f'LGOJ2fitJJ:.OJ~1Eilf*tJ:~"/J{~~·f'GtLoo 

(0226) 
j:k_Jjij:@:Jf~BX:~.:ht-:1§~*1~~i1J@Ilffi4 0 0 3 ~' ~1l:~l~~i1J@Ilffi4 0 0 4 :itditfill~~~4 
0 0 2':l}-;tG.:ho~fi1§~Bzu~{s'.Ui, FPC4 0 1 8/J"G~*€l~.:h-CP6o 

(0227) 
**Jl'tEO)Jf~~-cii, tiifm:ilffil~~ii4 o 1 5 /J{, mfili~~4 o 1 3 /J{~9 o tfill~~!fim 4 o 
3 O ~ r0J t:ij!~/J" GJt;BX;~ .:h, ilffi}~~;fi4 O 1 6 ii, ~)JI t-- 7 > y ;;z :7 4 O 1 O, 4 O 
1 1 0) '/ - ;;z ~!fim & u F v --1 >~iim ~ rDJ t: lJ~Jm-cJt;BX: ~ tL -cit" o 0 

(0228) 
tiifm:ilffil~~;fi 4 0 1 5 Ii, F P C 4 0 1 8 /J{~9 o ilffi}~ ~, ~:/J1!1:lJ~)JI 4 0 1 9 ~ft L 
-C~Y\JfJ (:fiifm;~ .:h -Cit" o o 

(0229) 
:i td~ 2 1 (A 1 ) , [S7J 2 1 (A 2) (:BP -C ii, 1§~*1~~i1J@I\ffi4 0 0 3 ~ Jjij:@:Jt;Jft L 
, 5gl OJ£tJJ4 0 0 1 (:*~L-CP.Q·f§U~:;r;:L-CP.Q/J\ ::z!s:*JJ'tEOJJt;~ii(:OJ;f$Jjft(-=:pJ:tl.E 
~ .:hfJ:Po /:E1i**~~i1J@Ilffi~Jjij:@:Jt;JftL c*~L -C f:J~P L, ·(§~*l~~i1J@l\ffiOJ-~~j: k.. 
ii~1i**~~i1J@l\ffiOJ-~~O) ;J;- ~ Jjij~Jt;BX; L -C *~ L -C f:J ~lt "o 

(0230) 
[S7J 2 2 (i, T FT £tJX 2 6 0 0 ~ J=fi L '-C ¥lJ1*~@'. ~ L -C J&fili:J'iZ:;r;:-1:- y ::i - Jv ~ ;f$J,Q)(:9 o 
-iJU ~ :;r;: L -CL "o o 

(0231) 
[S712 2(iJ&fili:J'iZ:;r;:-1:-y::i-}vO)-fJUc~t), TFT£tJX2 6 0 0 ~xiloJ£tJX2 6 0 1 !Jiy 
-Jvtt 2 6 O 2 (: J: t') IJI!l~~ .:h, -t OJ Fa~(: T F T~~~13tfill~~~ 2 6 O 3, l&filifi ~ 1313 
:J'iZ:;r;:~~ 2 6 0 4 ' ~em 2 6 0 5' 1Fml7'ttJX 2 6 0 6 !Ji~~t G ;fi.:J'iZ:;r;:'\iJU~ ~ IDnX LL lt \ Q 
0 ~§.fi2 6 0 5ii7J7-:J'iZ:;r;:~ff-J~·@)(:~'~c~IJ, RGB:/J.r\0)~[5-(i, #, ~' 
~O)~ei=xiJIGLk..~em/J{~lfill~'=xiJIGL-c~~tG.:h-cPoo TFT£tJX2 6 o o ~xi 
rtu£tJX 2 6 o 1 OJJH~U (: ii1Fml7'ttJX 2 6 o 6, 1Fm17tiJX 2 6 o 7 , tU:~tJX 2 6 1 3 /J{jlljc~ ~ t1 
-C Po o 7timUi{~~!fig 2 6 1 0 ~ JyJtitJX 2 6 1 1 (-::: J: v) ;f$J,Q)(: ~ .:h, @Ilffi£tJX 2 6 1 2 ii 
, 7 v :t y -:f Jvjlljc**£tJX 2 6 o 9 i= J: t') T FT £tJX 2 6 o o O)jlljc*l@Ilffi~~ 2 6 o s ~ tiifm: 
~ .:h, ::r > ~ P- Jv@l\ffi-'?~i)J:@l\ffitJ: ~" O)~~~@Ilffi/J{~Ji;J;-(: j: ;fi. -C Poo :i t-:1Fm17ttJX ~, 
mfilim ~ OJFJH-=:1J'z:;f§~tJX~~ L k..tk:~cflfi L c BJ: it "a 

(0232) 
J&fili:J'iZ:;r;:-1:-y ::i - Jv(: Ii, TN ( T w i s t e d N e ma t i c) -1:- - F, I P S ( I 
n-Plane-Switching)-1:--F, FFS(Fringe Field S 
witching)-1:--F,MVA(Multi-domain Vertical A 
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lignment).::C-F, PVA(Patterned Vertical Alig 
nment), ASM(Axially Symmetric aligned Mic 
r o - c e l l) .::C- F, 0 CB ( 0 p t i c a l Comp e n s a t e d B i r e 
fringence).::C-F, FLC(Ferroelectric Liquid C 
r y s t a l) .::c- F, AF LC (Ant i Fe r r o e l e c t r i c L i q u i d 

c r y s t a l ) t~ ~,~mp Q (:: ~ 7'.J{c ~ Q 0 

(0233] 
Lj_J:. 0) If'E i= J: !J ' "¥-ij!ft~il"l ~ l,, L ~JB: ::::r A r- ~ 11\ilaX l,, t:::.. i&fili*7rU\ '* Jv ~ f-1'~9 Q (:: 
~ 7'.J{c~ Oo 

(0234] 
::zls:*:/i'ili.OJ,ff;!~!Hi, *:/i'ili.OJ]f;~ 1 , *:/i'ili.OJ:lfJ~ 2, ~ t:::.. 'i*:/i'ili.OJ]f;~ 3 ': gc~ L,, kf~JlX: ~ irfil 
llDtJi:lf.ii:b--tt--C*:fi'ili.9 6 2: ~ 7'.J{CiJ~l§c ~ 6 o 

(0235] 
C*:/i'ili.OJ,ff;~ s) 
~~~-/\-ii, 'M~~*T9 6 8 uJc~;h'i~ G $6:5}JfOJ~~~~i:Jiit 'o 2: ~ 7'.J{CiJ 
~l§c~6o fU:tii, ~~~-/\-~)=fiP--C, ~~~f1j (~~-:_f,:1:7), IN7-.::7-, ~_ijit~ 

~,O)* V) tlllOJlJr*IU:ii, :7 VY 'Y r- j:J- F~OJ:;;fm7:J- Fi=.:B~t O*T~'=@m9 Q (:: ~ 
7'.J{c~oo ~~~~OJ-fU~cm2 3, cm2 4 ':T9o 

(0236] 
cm2 3 (A) ii, ~~~-/\-c,f"t'Gttt:::..IN7-.::7-2 6 3 1 ~Tl,,'Lv'oo fl:ii~ft7'.J{¥~ 

0) ITT/ffiU~c ~ .Qt~ii'= ,i, fl:iiOJ~~iiA"F'= J: -J --Cfr;;b.(l,.Q f,){, **:fi'ili.OJ]f;~ 3 ~@m 
l,, t:::.. ~~~ - /\- ~ m v \;ft ii*2H~Fs~ ca: iiOJ*T ~ 3(;t Q (:: ~ 7'.J{c ~ Q 0 j: t:::..' *T ti M 
tt6 2: ~ t~ < 32!1: L,, t:::..lfillf~M{i~ G t16c t~.:B, IN/.. ::7 -ii•~~c'M~~~st/f§c ~ of~JlX: 
~ L,, --C ti J: Po 

(0237] 
j:f:::.., cm2 3 (B) ii, ~·id':~,O)*!JtlilOJ1$ir*JSii2 6 3 2 ~TGLPoo Sii~ftf.J{ 
¥~OJITT/ffiUtlilc~6~ii':ii, fl:iiOJ~~iiA'f:i: J:-J --Cfr;t:itt-07'.l\ ::zls:*:fi'ili.OJ,ff;~3 ~irfil 
}ii L,, t:::..~~~-/\- ~Jiit 'ttiiA'f:~~< i.J"~t 6 2: ~id':< *2H~Fs~cll':iiOJ*T~3t:t6 2: 
~7'.J{c~oo j:f:::..*Ttiflm;h-02: ~t~<32JEL,,t:::..lfillf*7'.J{i~Gt16o t~.;8, IN7-.::7-ii•;t'* 
c1m~~~st1§-c ~ 0 *~m<: ~ l,, --c ti J: v ,0 

(0238] 
j: t:::.., cm 2 4 ii, ~~~f1j 2 7 O O OJ-,fJU ~TL,, --CL·' 6 o 1¥U:t ii, ~~~f1j 2 7 O O ii, 
!'[ 1* 2 7 o 1 .:BJ: U'f'[ ft 2 7 o 3 OJ 2 ~OJI'[ ftc:t~mt 2: tt --c L, 0 0 !'[ft 2 7 o 1 .:BJ: cf!'[ 
ft 2 7 O 3 Ii, !l!lh:&~ 2 7 1 1 ': J: tJ -1* ~ 2: ;ft --C .:8 t;, g?{ij!!h:gf~ 2 7 1 1 ~ !l!lh ~ L,, --C !mrN:li1J 
f"t'~fr-5 2: ~ 7'.J{c ~ Oo 2: OJ J: -5 t~f~mt': J: i'.), ¥~OJ~f'1jOJ J: -5 t~!1Jf"t'~fr-5 2: ~ 7'.J{DJ~I§ 
~id':oo 

(0239] 
i'[ft2 7 0 1 t:ii*T:&~2 7 0 57'.J{;tJi:lf.~~;h, i'[f;is:2 7 0 3 ':ii*T:&~2 7 0 77'.J{JtJi:Jf. 
~~;ft --Ct\ 6 c *T:&~ 2 7 O 5 .:8 J: U'*T:&~ 2 7 O 7 1i, MIT~ @l[fil ~*T9 6 f~M ~ L,, --C 
ti J: v' L,,, ~t~ 6 lfill[fil ~ *T9 6 f~M ~ L,, --C ti J: v \0 ~id': 6 lfill[fil ~ ~T9 6 f~M ~ 9 6 2: 
~c, fU:tii:tJ1J{UOJ*T:&~ ccm24cii*T:&~2 7 0 5) t==t~~*TG, h=:1J{UOJ*T:&~ 
(cm 2 4 c ii*T:gf~ 2 7 0 7) ': lfillf~ ~ *T9 6 2: ~ 7'.J{c ~ 6 o 

(0240] 
j: t:::.., cm 2 4 -c ii, !'[ft 2 7 o 1 i= tt,ft:&~tJ: ~, ~ fim ;z. t:::.. fU ~Tl,, --c p 0 0 fU ;z. ii, !'[ft 2 
7 0 1 '= .:8 p L' ~im 2 7 2 1 ' rt ft :t- - 2 7 2 3 ' A ~ - 7:J 2 7 2 5 id': ~, ~ 1im ;t L p Q 
o rtf"J:::t--2 7 2 3 t:J: !J, Jl~~-02: ~7'.J{c~oa id':.;8, i'[{:;fOJ~T:gf~~ID]-[fil,::t-

~- F-'?IN'1 /7-~ /:7''7'1/\,,-[7-.t~~,~{im;t.Q;f~JIX:~ l,,--C t J:Po ~t:::.., f'[f:;fOJ~[fil-'? 

muaa,:, ~:&~:tiMC:ffifriffi~ ( ,-{ f * /}riffi~, us B frffi]~, ~ tdiA c 7 :::l-:f ::7 .:8 J: D'"U s B 
Jr- -::f;vt~ ~, OJ:;;fmJ-r- -::f;v ~ :tiMITDJ~l§t~Sriffi~t~ ~,) , gc~~~f::trE!fiA:&~t~ ~, ~·um:t of~w 

~ L,, --C ti J: Po 2: G (:, ~~~f1j 2 7 o o ii, ~~~f~ ~ L,, --C OJ~~l§~r~t:::..itt:::..f~M ~ L,, 
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ct>J:Po 
( 0 2 4 1) 

j: k, ~~~l!"f 2 7 O O ii, ~**C''M~~JiS:3t1§--C ~ 6t#fmt 2 L ct> J: Po ~**'= J: !tJ, 
~~~fl"fy-/\7)\ G, FJT~O)~f!"f7'- :7 t~ 2, ~~AL, :5ir'.7 / P- f'-9 6t#fmt2 9 6 2: 2 
t> DJj'}~--C db 6 c 

(0242) 
C~1JtEO)Jf~~ 9) 

¥:lJ1t~U"L1i, ~ j: ~-'j:lJ:~~~~ O!J.Hx~t>?;-<U) t=@.!ii96-:::: 2h{C'~6o ~~~~ 
2 L c ti, 1JUX.t1, 7 v ~-:> 3 /~@r ( 7 v ~', j: t-=: l·i'T v ~-y 3 /3t1§t~2 t> P 7) , 
::r / ~ ::L - :7 .Jiiid: 2, 0)-t-::=-:)r' 7'y :7 Jv7J /Z 7' TY :7 Jv ~'T7l7J /Z 7' TY :7 JV7 71 r-
7 v-L, m*~§rs~ cm*~§rs, m*~§rs~U"L2 t> p .:s) , t~*2fll:f-Lt~- m*,m~ 
~*- a~W±~U"l, f\":f- / ::r~id: 2'ox:k2fll:f-Lfdid: 2'h{~~t- G t16o 

(0243) 
LKl2 5 (A) ti, 7-v~'y3 /~@r9 6 o 00)-1JU~~LcP6o 'Tv~'y3 /~@r9 6 
0 Oti, i'l[1t9 6 0 1t=~~i'j~96 0 3/'){*Jidf-JZ:j:;h-CP6 0 ~~i'j~9 7 0 3t=J:I'), H~ 

1~~~~962:2iJ~DJj'}~--Cdb6o j:f-:, 2:2:--Cti, 7':7/F9 6 o 51=J:tJl'l[1t9 6 o 1 
~5z:t'¥ L kt#fmt~~ L c 1t \60 

(0244) 
-rv~'y3 /~U"l9 6 o OO)t~f'ni, l'l[1t9 6 o 1 h{1Jffi.Z.6r~f'f:A.'1',y":f--'\", J.1Uw0)1J::c 
::1/t~f'F~9 6 1 ot=J:VJ1T72:2h{c~6o l)-t-::r/t~11"~9 6 1 0/'){1Jffi;t6t~f'F::t-
9 6 o 9 t= J: vJ, 7--r / *Jv-'?a~uJt~f'F~fr 7 2: 2 iJ~c ~, ~~i'r~9 6 o 3 t=~~~ tt 
6 n~1i ~t~1t9 6-:::: 2 h{--c ~ 6 0 j: t-::, 1J ::c ::r /t~t'f~ 9 6 1 o 1=, ~§~ 1J ::c ::r /t~·ft~ 
9 6 1 oh" G lt1J9 6'M~~~~9 6~~i'r~9 6 o 7 ~~~t 6t#f.5X2 L ct> J: Po 

(0245) 
t~;B, 'Tv~'y3 /~@r9 6 0 Oti, 5t1§~-'?::CTLf~2'~f!mX.kt#J$<;296o 3t1§~1= 
J: VJ -~uJ'T v ~-1JjJiS:0)3t1§ ~fr 7 2: 2 h{c ~, ~ G 1= ::CT L ~fl L c 11'7i::j: k ti~**'= 
J: 6 Jm1§ * 'Y f- IJ - ::7 (=ffi¥iJf:T 6 (: 2 t= J: VJ, -:/JloJ (JiS:1§=i13fJ\ I~ 3t1§=13) j: fdi~/JloJ 

(JiS:/(§=113 2 3t1§=113Fa~, db 6 P ti3t1§=13Fa~[D]±t~ 2') O)'M~iffi/(§ ~fr 7 2: 2 t> DJj'}~c db 6 o 

(0246) 
LKl2 5 (B) ti, TY:7Jv771 f.7v-L9 7 o 00)-1JU~~LcP6o 11UX.t:t» TY:7 
Jv771r-7 v-L 9 7 o o ti, l'l[1t9 7 o 1 t=~~i'r~9 7 o 3 fJ{*Jidf-JZ:j:;h-Ct-\60 ~~ 
i'r~9 7 o 3ti, ~fi@r1i~~~962:2h{DJj'}~cdbvJ- 1JUX.t17'y:7Jv7J/Z7t~2'--C~:li0 
L t-:@11~7-- :7 ~~~~ '1± 6 2: 2 --c, Jffi1¥f0)~1[-v-c 2 roJ!f3ft=~j'}~~'l± 6 2: 2 fJ{c ~ 60 

(0247) 
t~;B, 7'y:)rJv771f.7v-L9700ti, f~1-fi'JK ~i'r~ffiMl:.Jii)'.rffi)~ (USB)'.rffi]~, us 
B Jr- :f;vt~ 2, O)~filr- ·:f;v 2 t¥M£:DJj'}~lJ:lffiJ~t~ 2,) , §ctjc~1*rlfiAi'r~id: 2' ~ rmx. 6 t#f 
mt 2 9 6 o 2: tL G O)f#fmtii, ~~i'r~ 2 roJ-0'0 t=*Jidf-12'.: j: t1c1r 'c t> J: t- \!'){, ~UO'O-'? ~O'O t= 
fim;t 6 2 7'-lf '1/'l":th~loJ-1:::_96 kt:bt1f j: L Po i§U;t ti, 7'y :7 Jv7 71 r- 7 v-LO)§ctjc~ 

1ttlfiAi'r~1=, TY :7 Jv7J /Z 7 c~JJ L k@r1i-r·- :7 ~§ct'i L k /Z ::c 1) ~tlfiA L c@r1*7'
:7 ~ JlX VJ JZ:df-, JlX !1) JZ:)v t!.@11iT- :7 ~ ~~i'j~ 9 7 0 3 t= ~~ ~ '1± 6 2: 2 fJ{c ~ 6 o 

(0248) 
j:k, -r·Y:7Jv771 t--7v-L9 7 o oii, ~1t-*c'm~~JiS:~1§1t=*6t#fmt2 Lct>J:P 

0 ~~:~H= J: VJ' FJT~ O)@[f~-r· - :7 ~ IlX VJ 12'.:df-, ~~ ~ '1± 6 t#f.ift 2 9 6 2: 2 t> c ~ 6 0 
(0249) 

LK! 2 6 c A) iim*2f11!i.Hx~--c db VJ , l'l[ 1t 9 8 8 1 2l'l[1t 9 8 9 1 0) 2-=> O)j'l[ 1t--ct#fmt ~ 
tL c .:8 VJ, .il!*~i'r~ 9 8 9 3 '= J: ~?, ~MDJj'}~t=.il!¥5 ~ tL c P 6 o l'l[ ft 9 8 8 1 t= 1i~~i'r~ 
9 8 8 2 fJ{)fJidf-12'.: j: ;h, l'l[ 1t 9 8 9 1 t= ti~~i'j~ 9 8 8 3 h{itJidf-12'.: j: t1cP6 o j: t-=:, LKl 
26 CA) i=~9m*2fl.1Mtx~ii, -fO)fth, ;A.~-7Ji'r~9884, §c~~itt!fiJ\i'r~988 
6, LED7/7°9 8 9 0, A::fJ=f-~ 0~1-f::lf--9 8 8 5, t¥Ml:~~9 8 8 7, 1?/Y-9 
888 C1J, ~~- ~U"l, ~N, ~~OC ~~N, §~~- ~-- ~ ~- ~~- ~N, 
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1t$1o/JJ1[, aF, H'¥Fa~, 11,BL ~~' ~mt, ~EE, ~1J, :W:J,t'f**' ifit£, ~JJ'., iJlJJ'., tJm 
Jrf], (-=::j'3P)Ui#:7H*~~~UJET6~i'H~~-6-tl'80))' '"7-4::7tT7;;t/9 8 8 9) ~~'fmt:t 
L p 6 0 '8 ti 6 Iv, t~~:i:ill.W¥tx~O)t~wJiJ::.JztO) t 0) (-:::~NIE~ .h T» /YfJ: < ~ '8 *Jfili.O)]f; 
~ 1 ~ t-=: ii*Jfili.O)]f;~ 2 (-=:TT~JJI ~ 7 /y :7-- l;7 ~1fT .Q"=f::ij!{*~@'. ~ fim7c.. t-=:t~n)tc ~.h 
tfJ:<, -fO)fth·ft~~-{jffi/J{.i001Cr~ttG.hkt~ffs<;~T6(:~/J{c~6o LKl2 6 (A) (-:TT 
m~:i:ill.mftx~ii, §ct~~{*(-=:§c.tJ!;~ .h L It "o /°P /f 7 L)Zti-T'- Jy ~§i/G~lt LL *T~~'-= 
*TT 6~l'I8~, fthO)m~2fll.mftx~~ ~J~Jfil1§~fr-:> L 1~~~.k1fT 6f~j'j8~1JT Oo fJ: 
;G, LKl2 6 (A) (-=:TTm~:i:ill.mftx~/J{1fT6~l'I8ii(:;h(-=:~NJE~.h·9, ~~qtJ:~l'I8~1f 
9 0 (: ~ /J{c ~ 0 0 

(0250] 
LKI 2 6 ( B) ii::klill.JliHx~c ~ 6 A p ";/ ~ '"? y / 9 9 0 0 O)~f!Ju ~TL L It'> 6 0 A p '';/ ~ 

'"?-//9 9 0 Oti, f'[f*9 9 0 l (-=:*T~~9 9 0 3/J{~Ji~~~.hcPoo ~t-=:, ;7-_p,y ~ 

'"?-/ / 9 9 o o ti, -r O)fth, :7-- ;y - ~ v /'\-~ :7-- ~ ';/ 7 :7---4 '';/ 7--tJ: ~'o)f~fr=f-ffi, ::i-4 / 
t5tA D , :7-- t:: - :7J fJ: ~, ~ '(lffi 7c.. --C l " 6 o '8 ti 6 /v, :7-- P '':J ~ '"? -/ / 9 9 0 0 0) t~ fJX 1iJ::..izt0) 
'8 0) (= ~JE ~ .h 9, j,'fJ: < ~ '8 *1fili.uJ]f;~ 1 ~ tdi*Jfili.O)]f;~ 2 (:::T9~1JI ~ 7 / Y :7-- l;7 
~1fT .Q"=f::ij!f*~@'. ~'flffi7c.. kt11JoX;c ~.htf J: <, -f O)fth1t~§5t'flffiiJ{.1001[~~t G t1kt~QX; ~ 
T 0 (: ~ /J{c ~ 0 0 

(0251] 
LKl2 ?ii, m~~§i5~1 O O OO)~f!JU~TLct'oo m~~§i5~1 O O Oti, f'[ltl O O 
1 (_:~Ji~~~ .ht-=:*T~~ 1 0 0 2 O)fth, r~{lp;j{ l;7 / 1 0 0 3, ~~~ti®G~- ~ 1 0 0 4, 

:7-- t:: - :7J 1 0 0 5 , '"? -4 ::7 1 0 0 6 fJ: ~, ~ fim 7c.. --C P 6 o 

(0252] 
LKI 2 7 (:::T9m~~§tt~ 1 0 0 0 ti, *T~~ 1 0 0 2 ~rntJ: ~'cM.h·o (: ~ c' /~~~A 
1J (: ~ /J{c ~ 60 ~ k, ~§!5~1iHt 6, ~Pti~ -;v~tT-:JtJ: ~'O)r~11'ti, *T~~ 1 o o 
2 ~ rniJ: ~'cJIJ!i{.h 6 (: ~ (-::: J: !J fr 7 (: ~ /J{c ~ 6 0 

(0253] 
*T~~ 1 O O 2 0) ®IOOti~ ~ L --C 3 -:J 0)-=E-- F/J{~ 6 o 5g 1 ti, lfillf*O)*T ~ ~ ~ T 6 * 
T-=c- J<c ~VJ, m 2 ti, :X'¥~0)'~~o) A.1J ~ ~ ~ T 0 A.1J-=c- Fe~ 0 c m 3 ti*T 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

Filed: February 11, 2013 

Confirmation No. 7085 

Group Art Unit: 2896 

Examiner: J. Joy 

For: SEMICONDUCTOR DEVICE 

AND MANUFACTURING 

METHOD THEREOF 

) 

) 

SUBMISSION OF LATE OATH/DECLARATION 

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

Dear Sir: 

In response to the Informational Notice to Applicant dated May 13, 2013, please 

accept the executed declaration submitted herewith. Please be advised, the required 

surcharge fee under 37 C.F.R. § 1.16(f) was paid on May 7, 2013. 

Furthermore, the Commissioner is hereby authorized to charge fees under 37 

C.F.R .. §§ 1.16, 1.17, 1.20(a), 1.20(b), 1.20(c), and 1.20(d) (except the Issue Fee) which 

may be required now or hereafter, or credit any overpayment to Deposit Account No. 

50-2280. 

Respectfully submitted, 

Sean C. Flood 
Reg. No. 64,378 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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PTOIAIN01 (06-12) 
Approved for use through 01131/2014. OMS 0651-0032 

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 ii contains a valid OMB control number. 

lf!m-T-$1.Y-t-(37CFR1.76)~{t"?f::~JfJ&tF~ll:i:~~l:liMliif:m:(37CFR1.63) 
DECLARATION (37CFR1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

§tB,ijO):g~ 

Title of 
Invention 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

nc~BJl~C'i!O.QfL.rt. "?i!©::.ct.i~.;~'.§'.'!'Lao9. 
As the below named inventor, I hereby declare that: 

;;j;;]!~lt 
This declaration 
is directed to: 

D J~1t2':h n '.Q, i!(>.QL 'it 
The attached application, or 

*OOtl:lii, i!O.QL 'it 1:::tl:llii2':ht:: PCT@lllfi*WJH!t~ _____ CL -Ctl:llii2'n n1.Qt©l::'.§i!-c.;:h, -c 
L1ao9, 
United States application or PCT international application number • amended on May 7, 2013 . 

..t. ~c©tl:lD1;1:fL. ~ J'i-. i!O.QL 11tfM~ltllNzB'i~Lt::t©1::J:-:>-Cfit.int::t©""C'9. 
The above-identified application was made or authorized to be made by me. 

fbl<I:.:$: tl:lil~$ l:::i!(>.;p:h,.Q{,ttt©~B}j~, i!(>{>L lf;J:t ttc©~fil'J~B}j~1.'9". 

13/763 874 filed on February 11, 2013, and 

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

;;j;;il:'f::Bl:::;BL '-Cili~i:::,llitjf.l(}")lfl Lti:-CHI-:>f:::tj\"i5"1;l: 1 B U S C 1001 f:::J:~J, iii:llti!O.QL 11;J:r,,~1i(5)iF©~lllllftJ, (!i).QL 1f;J:-t©fi!ii1.il:::J:7.if!lll1J©ilt 
~ct.i:7.i;::.tH~.!it.>;t:9. 
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. 

'1:1<.tl::. • 
'l!fi::I • 

WARNING: 

~·fji~/tl:lJij:&-1;1: ID ~itl:zMlt.QJ:?td:@J...tw¥Rz. ~~~ftl:lii.:t:~].$1:::-a-aot.i:L 1J:?. i.t:¥:f.ll!JZ,~1.'9 0 U~1lf:JlUI'~. mfiO~flt~. i!(>.QL 'l<i:?[/~·:.il
:IJ-l-'.flt~(J.)J:'jtd:IJJ...111~©~tl:llt (~t.l.L \~ ~ fl'.JC:Lt::. Jj\l;JJ-¥$)7.>L lf;j:?[/~·:.il-:IJ-Hfffi~t!~iH!fitiL'iVJ.Q PT0-2038 "'©icJ&m91-tL -C) 
USPTO(*OOmtr.lH~IT)l;J:, ~Mi!O.QL ll;J:tf:lJMlfl~fj(}")'j;t 1.'L l-:>2'l \~;j<;L n '*it.Iva ::.©J:?MruJ...t~¥Rt.il USPTO 1:::mttt".Q!f@1::g-;t:h,.Q::.et.i< 

t.i":l 'J:?. 8fitm~1tt1M=a1;1:, usPro 1::iltliiizmtl:l 97.>M1::J:<i.t:¥:1..-, tLS-:>t::t!!i.'1tmEL, ~;1wtirit.i":•J;t:tt 1v, ~~rii=Sttl:l1M~1;1:. mttl:llii©~c 
ifRp;j@l;J:, tl:l~©~Jlfl. SH 11ttnt3'.t1tlfi;J:, (37 CFR 1.213(a) ©J:.ll.ili!Jl::tittLt::3f.~mllfl~iJ<lfl81\"'!'©f,J:f.IYL'tJ2':h, n 1 .QJEi\%"~11*2-l' -ruu.t.i< 

A.-¥ iiJl!Efd:t© c;/J:{> ::.C:H!l-:>-C<B<!IZ·~t.i<s •J;t:9 0 2'G 1::' tfj Mt.i'Jill:'ll2':ht::~cUL'ilb-:>-Ct' -t©tf:lliiil'~lm2':ht::' (!i).QL 'lt~t8U'3'.t 1t2'nt.: tfjlij 
~q:i1=~~C:L -c~.&.2'n n 1.Qlf;"i5"lt. -JliJ...©.A.-¥t.i~iiJl!EttJ:.Qi!!St.i'iVJ•J;t9 0 1J1l;JJ-'f-<BJ:U:?[/~·:.i1-:1J-t-:';;;Wffii\:ft1.'S•J, :~:tLL 1 ~ it<.J©t::it.>1::: 
mtl:l2':ht.: PT0-2038 m:rtrttl:llM-:771' 1i,1:::1;J:1lf:f.¥cl':h, 9, Lt::t.i<-:>-C:-~J.,.t.i<.A.-¥9.Q::.C:lt1.'2"1:itlv, 

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. lf 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 publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PT0-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

~ B}j =a(}") lE :rt ff;~ 
LEGAL NAME OF INVENTOR 

{J 1/ //l /Zt/J B 1t (t.f~): 
Date (Optional) : 

~BJl~: 
Inventor: Shunpei YAMAZAKI 

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01 fonm 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 the public which is to ~le (and by the 
US PTO 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 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 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND TO: 
Commissioner for Patents, P.O. Box 1450, Alexandri~. VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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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 OMB control number. 

ftl~T-~'Y-1--(37CFR1.76)~ii!?f.::~JJl&tf~[lHU~l:flJilrff&:(37CFR1.63) 
DECLARATION (37CFR1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37CFR1.76) 

~l!Jl(7):8ffl\ 
Title of SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

Invention 

""flc§Hl'l~C:S~f.ldt. ?~(});:tfJ%~~Wl*9 o 
As the below named inventor, I hereby declare that 

::<$:li'i' It 
This declaration 
is directed to: 

D i~it~hn1~. S7.JL11;J: 
The attached application, or 

*OOt:IJD. ,:\1)7.JL 11;1: 1:t:IJM~ht:: PCTOOll!i'!li.!i'li~ _____ tl -CtflM~h n 1~t0)1:m-c.;;ti-c 

L1*9o • United States application or PCT international application number -~13=/~76~3~8~7~4_filed on February 11, 2013, and 
amended on May 7 2013 . 

...t~c(}) tflM/;tff,. El !iJ-. ,:\1)7.JL 11;tff,.fJlli!llHf~-9-lt::t(})l:J:-:>-Cfi;bht::t(})C:9 o 
The above-identified application was made or authorized to be made by me. 

f.ld;!:*t±lM~<Pl::,:li).;p;h.7-Jtttt(})ftBJl~. ,:\1)7.JL 1f;ttttt(})1l;:~ft0Jl~1:9 o 
I believe that I am the original inventor or an original joint inventor of a claimecl invention in the application. 

*'.l1l:W'i=/::;BL1-Ci\J(:@":l::~~(})lf!l.TI:-C~fi-:>t::~il"lt 18 U.S.C. 1001 r::J:LJ. iii~S7.JL 1 li~~li(5)!F(})f;tl~Hf1J. i!f,7-JW;l:-f(})fil\j}J[:J:{ifi]Jllj(})M 
~tfJ7.i:.tH£'9')*9 o 
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. 

§.ti:.. 
j!!i~. 

WARNING: 
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;1J-i.;'flt~O)J:?fa:@IJ.. fJf&O)jit:IJ /;I: (~J.l.L I~§ B<Jclt::, 1j1tJJ'F;!i)~~ 'l;:t?l/:/·;;t-:h-f:'~JllmmE'i!Hli-r:S7.i PT0-2038 ""(})~a.A.zjj!Bi·tl -C) 
USPTO(*~~t8'fi$~fi')l;I:, ~UiS7.JL1l;:ttl:lM$~(})"3;{. 1:'.Ll-:>~L 1J!;J<:l n1*itA.to ;:(J)J:51Jfi.A.11if&fJ{ USPTO r::t£:±l"97.i~Jil::tl;*h~;:t:f.J{ 
t.;::~ 1J:?. ~\!jfi:\lfi:±l~i~/;I:, US PTO /::'IH:ii:frt£tfl97.iiltrl::J:<i.±:;ll!;l, tLS-:>t::Jfitl"l;:t~TlEL: ltil!ltt~l;f;IJLJ*itA.to ~il:~!tl:lM:\lfl;:t. m1ft±Jj,li(})~c 
ll~~l;:t, tl:JjijjO)'.'.!}!m. i!f,.QL 11t1il81f3i::ftltlt, (37 CFR 1.213(a) (})Jijljff!Jr::il"ftlt::~~01m$Uif.J{lf!al!i'i'O)t.;::fJ'1:1J~h n 1 {itiil"'fr"*~l, -~.A.fl\ 
.A.-¥ ijJ/IBt.;::tO)ttJ.Q;:tHll-:>-Ct3<!b~f.J\S~J*9 0 ~.;r::, tl:lMfJ\fil[j!:~;h.t::Icn-r:;!i)-:>-Ct. -f(})tfl!Mf.J{01m~ht::. ,:\1)7.JL 1 /;:t1;f~1ffJ\?)Cf"1~ht::tflM 
:j§:i:j:l 1:~$5-tl -c~;&.~;h. -c~ 1-Q~~/;:t. -illl:J..(])J...'¥-i:Jt;;JtIBtta:.Q~~fJ{i!i)LJ*9 0 1MIJOf.SJ:U?l/:/·;;t-i.J-t::iJ:i~Jll*1iC:,:li)LJ. :S'it.l.L I 13 (fi(})f:::.9')/:: 
l!ltl:l~:h.t:: PT0-2038 a<itl;:t:±lf§i771'Jl.-/::i;l:l!i!:~~h 9. L.t::fJ\-:>-C-il:J..fJ\J...-¥9 .Q::::trti::~*itA.to 

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 chec.k 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 publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore_, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PT0-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

~ E!ll :\lf (})IE it B:A; 
LEGAL NAME OF INVENTOR 

Bit(ff;W':): 
_______ K_e_n~g~o_A_K_IM_O_T_O ______ Date (Optional): 

ftBJl-10-: 
Inventor: 01 /ri /2JJL3 

Signature: A kLHoTo 
rn1$5: t±:ID7-1r~-t-(PTO/AIN14 M~L 11H·©f.il~ffl*i) r;:t. ~ajj(}) 133:.~rr{;f;'.t:{;f;O)il);;g:frtl;d.>. ;$:ffl;ffll::~ft9{i;:to t.;::;B~*(})ftBJl~;:·e:1:: 
PTO/SB/AIAO 1 Jll*ft:fri9!ffi"9 ~o 
Note: An application data sheet (PTO/AIAt14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collection of information 15 required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the 
US PTO 10 process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated 1o 1ake 1 minute to complete, 
including gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on 1he 
amount of time you require 10 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, calf 1-BOO-PT0-9199 and select option 2. 
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Under the Paperwork Reduction Act of 1995, no oersons are required to resPOnd to a collection of information unless it contains a valid OMB con1rol number. 

$IDtf-1Z'Y-t-(37 CFR 1.76)~<f:?f::~lf:l&lt:ie:UHf:~l±llM'.ti~:m:(37CFR1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

~~~O'):gf;l\ 

Title of SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 
Invention 

"F~c~BJl:S-c~~fJ.dt, -:>~O)::ct.i<;:,tr:1t!R.*9 o 
As the below named inventor, I hereby declare that: 

*-~trn 
This declaration 
is directed to: 

D ~1tt'tl--CL'7al, ~7aJL'lt 
The attached application, or 

*OOili/,!iL &>7aJL \l;l: f::t±JD~nt:: PCT OO~D-~ _____ cl -Ctfji'j~ti, n '7aitlJ)f::fc!-Ci?n -C 

L'*9o 
United States application or PCT international application number • amended on May 7, 2013. 

J:.~cO)t±JDl;J:fl.1§ !1l-, ~7aJL 'ftfi.t.i<lir«tr~-9-lt::tO) l::J:"?-Cfi;btLt::tO)-C9 o 
The above-identified application was made or authorized to be made by me. 

fl.li:<t.tl'.itUil:c:p1::~i?:bn7aitctc©~BJl;g' ~.QL 'lttctc©:Jl<~~BJl~<:9 0 

13/763 874 filed on Februarv 11. 2013, and 

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

*-'.i['llf'l=l::d';;L '-Cil!<~l::.ilitif.1©$ l.ri:-Ctrfi"?f::~-8-lt 18 U.S.C. 1001 l::J:LJ, frliti~~L 'lt~F.li1i(5}~0)~~Jfil. ~.QL 'iti·O)jjllj7Jl::J:7aiflill110))11 
~eto:.Q::c=a:~i:.!lb*9 o 
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 n.ot more than five (5} years, or both. 

g~: 
WARNING: 

~ll!D1llfilimi1li'ft ID ~filtrilJ:Jlt~J:?to:ilru.A.fflWtr. mttfJ/,!ji!B'Jicpl::~*fj:L 'J:-3, ;±;i;t.J{!l):;,!J!!~9 0 U~1*~*~- ~nJ:l~'!i~, ~~L'li?L.-~·;.+ 
:h-r:''!i~©J:'jt,,:@.A, 11i'WMU!:l1:;1:(5i:fM'~i3 !Y-Jclt::, 1]\t;J]EJ=.~7ai" 'li?L.-'./-:1!-:h-r:'~mre~iE~ifi!i-C~.@ PT0-2038 "IJ)H2Atr#IJ?i-cl -C) 
USPTO(*OO*~ti!li~IT)i;J:, ~J.lilj~.@" 'litl:lDlfi~wO)-J;t ~c '"?~" '~*l .. CL '°*itlvo ::o:iJ;-JfJ:i~A.t';!iWt.J{ US PTO f::~tl:l9~~i1il::~*tL.Q::b':i< 
t.i:L 'J:?, &U!i~/tJj/,!Jjtfli .. USPTO l::'i!i'~1itrMltll·f7.>iifJf::J:(;±;l~'L tl~"?t.:~'8-li~T:iEl. 'l*!~it:ld.lito:'J°*itlvo ~Bil"ftfjmiil"lt, mtt±JMo:iac 
j~JJ'l§:l;t, t±Jij0)1}r,fl, &l7aJL 'lttHt3i:NW:lt, (37 CFR 1.213(a) O)ffljfjfll::f;J&lt:~f.1}00Efl~t.J<$~~'i!fO)tj:f.J»t'f,J:~ti, n\.@~'B'Hfi~)' -illl:.A,t.J{ 
J..-¥iiJ~t,,:t,O)c;';j:.Q:::cH1b-cd':l<!l2:·~t.i{&i'J*9, tt.;1::, ilifMt.i<Jr1Jif:~nt::~cn-c&i'?-ct, -to:itfJ.Mt.i<0mi~nt::, ~7aiL 'lt!fflaif:t.i<xit~nt::ililm 
~i:p1::~::1tcL --c~D.~n n '.@~t5-1t, -1:!9:.A©J...f.t.i<iiJ~cto:.Q~-B-t.i<~'J*9 o 1J,t;JJ.f.d'OJ;U:?1..-:-:·;;l-7J-r:~i2mg-c~LJ, xM '13 (f.Jo:it::lhf:: 
t!ili ~:ht.: PT0-2038 ji:i\'.l;tt±J]J!/7-{ Jt.-[::fii*ttft<tL 9' Lt::t.J<?-C-~.A.t.i<)...f.9 7ai::crt-c~*it Iv, 

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. ff 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 publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a} is made in the application} or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PT0-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

§'l!8Jl~())iE:i\'.flf, 

LEGAL NAME OF INVENTOR 

~8Jl~: B N (f.E;i;): 
Inventor: _______ D_a_i_s_u_ke_KA_W_A_E ________ Date (Optional): 

Signature: 

Ulli::lt: tfj[~fi'-9;/-l-(PTO/AIN14 ~7aJL 'li-tO)~~RHiff) Ii, §'l!BJllJ)§j::~!ILil:l*:i:i*IJ)$.i,~~I/), :<t.ffi*ft[::iiii;N'f ~::co fJ:d'OJ!*O)§'l!BJlil"::'cf:: 
PTO/SB/AIA01 ffl*tr~J'!l°f.@, 
Note: An application data sheet (PTO/AIN14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01.form for each additional inventor. 
This collect1on of 1nformat1on 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The mformat1on 1s required to obtain or retain a benefit by the public which 1s 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 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, PO 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-PT0-9199 and select option 2. 
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Application/Control Number: 13/763,874 

Art Unit: 2896 

DETAILED ACTION 

Response to Amendment 

1. Applicant's amendment to the claims filed on 05/07/2013 has been 

Page 2 

acknowledged and entered. Claim 1 has been cancelled and claims 2-25 have been 

added. Non-final office action on the merits is as follows: 

Specification 

2. The specification has not been checked to the extent necessary to determine the 

presence of all possible minor errors. Applicant's cooperation is requested in correcting 

any errors of which applicant may become aware in the specification. 

Claim Rejections - 35 USC § 103 

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

obviousness rejections set forth in this Office action: 

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

3. Claims 2-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Akimoto (U.S. Patent Pub. No. 2007/0108446) in view of Kawasaki et al. (U.S. 

2005/0056897, from hereinafter "Kawasaki') in view of Iwasaki (U.S. Patent Pub. No. 

2008/0073653, from hereinafter "lwasakl'). 

Regarding Claim 2, Akimoto teaches a glass substrate (Fig. 1 A, substrate 1); a 

transistor over the glass substrate, the transistor comprising: a gate electrode (Fig. 1 A, 
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gate electrode 3); a first insulating layer over the gate electrode (Fig. 1 A, insulating layer 

5); an oxide semiconductor layer over the first insulating layer (Fig. 1 A, oxide 

semiconductor layer 13); and a source electrode and a drain electrode each electrically 

connected to the oxide semiconductor layer (Fig. 1 A, source/drain electrode 1 Oa/11 a; 

(1['s 0053-0069); a second insulating layer over the transistor (Fig. 10, layer 49); a pixel 

electrode over the second insulating layer (Fig. 10, pixel electrode 50); a third insulating 

layer over the pixel electrode (Fig. 10, second insulating layer 81 ); a light emitting layer 

over the pixel electrode and the third insulating layer (Fig. 10, light emitting layer 82); 

and an electrode over the light emitting layer (Fig. 10, electrode 83; 1['s 0155- 0180). 

Akimoto fails to teach wherein each of the side surface of the source electrode 

and a side surface of the drain electrode has a tapered shape, and wherein a first and 

second angle of the tapered shape that is made between the side surface of the source 

electrode and the drain electrode respectively and an upper surface of the glass 

substrate is greater than or equal to 20 ° and less than 90 °. 

Kawasaki teaches, in a similar bottom gate TFT, source and drain electrodes 

wherein a first angle formed a first angle between a surface of the substrate and a side 

surface of a first bottom edge of the source electrode and a second angle between the 

surface of the substrate and a side surface of a second bottom edge of the drain 

electrode are each greater than or equal to 20° and less than 90° (Fig. 1 and 5; source 

and drain regions 105, substrate 1 O; ,-r·s 0027-0031; 45° angle). 

In view of the teachings of Kawasaki, it would have been obvious to a person 

having ordinary skill in the art at the time of the invention to modify the teachings of 

383



Application/Control Number: 13/763,874 

Art Unit: 2896 

Page 4 

Akimoto to include the source and drain electrodes having angles formed as claimed 

with respect to the substrate and the side surfaces of the electrodes because forming 

tapered sidewalls as disclosed by Kawasaki in a TFT increases device performance by 

reducing contact resistance between the channel region (oxide semiconductor layer of 

Akimoto) and the source and drain electrodes. 

Akimoto above fails to teach the oxide semiconductor layer comprises indium 

and zinc but rather just teaches using a zinc oxide layer. 

Iwasaki however teaches a similar TFT wherein the semiconductor channel layer 

comprises a semiconductor oxide channel layer comprises indium and zinc (Fig. 1, 

channel layer 11a;1[ 0072-0077). 

In view of the teachings of Iwasaki, it would have been obvious to a person 

having ordinary skill in the art at the time of the invention to modify the teachings of 

Akimoto to include the semiconductor oxide layer comprises indium and zinc because 

as taught by Iwasaki a semiconductor oxide layer comprising multiple metals including 

indium and zinc can help to control the threshold voltage in a device. Also, it has been 

held to be within the general skill of a worker in the art to select a known material on the 

basis of its suitability for the intended use as a matter of obvious design choice. In re 

Leshin, 125 USPQ 416 . 

. Regarding Claim 3, Akimoto teaches wherein each of the source and drain 

electrode is in contact with an upper surface of the first insulating layer (Fig. 1 A). 

Regarding Claim 4, Akimoto teaches wherein the oxide semiconductor layer is 

over the source and drain electrode (Fig. 1 A). 
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Regarding Claim 5, as in the combination of Akimoto and Kawasaki above, 

Akimoto teaches wherein the oxide semiconductor layer is in contact with each of the 

side surface of the source and drain electrodes (Fig. 1 A). 

Regarding Claim 6, as in the combination of Akimoto and Iwasaki above, 

Iwasaki teaches the oxide semiconductor layer further comprises gallium (110072-0077). 

Regarding Claim 7, Akimoto teaches the pixel electrode is in contact with the 

drain electrode (Fig. 10). 

Regarding Claim 8, as in the combination of Akimoto and Iwasaki above, 

Iwasaki teaches the oxide semiconductor layer is a non-single-crystal film (110072-0077, 

amorphous semiconductor film). 

Regarding Claim 9, Akimoto teaches a first and second buffer layer between the 

oxide semiconductor layer and the source electrode respectively wherein each of the 

first and second buffer layers has a lower resistivity than the oxide semiconductor layer 

(Fig. 1 A, buffer layers 1 Ob/11 b; 1[ 0064-0065). 

Allowable Subject Matter 

4. Claims 10-25 are allowed because the prior art of record neither anticipate nor 

rendered obvious the limitations of base claims 10 including "wherein each of a side 

surface of the source electrode and a side surface of the drain electrode has a step in 

the lower portion thereof, wherein the first angle of the step that is made between the 

side surface of the source electrode and an upper surface of the glass substrate is 

greater than or equal to 20 ° and less than 90 °, and wherein a second angle of the step 
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that is made between the side surface of the drain electrode and the upper surface of 

the glass substrate is greater than or equal to 20° and less than 90°" and the limitations 

of base claim 18 including "wherein the first angle between a surface of the glass 

substrate and a side surface of a first bottom edge of the source electrode is made to be 

different from an angle between the surface of the glass substrate and a side surface of 

a top edge of the source electrode, and wherein the second angle between a surface of 

the glass substrate and a side surface of a first bottom edge of the drain electrode is 

made to be different from an angle between the surface of the glass substrate and a 

side surface of a top edge of the drain.". In particular, the prior art of record falls short 

with regards to teaching that the source and drain electrodes have a step on the side 

surfaces of them and wherein the step comprises two different angles in relationship to 

the substrate. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JEREMY JOY whose telephone number is (571 )270-

7445. The examiner can normally be reached on Monday - Friday, 8am - 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Such can be reached on (571 )-272-8895. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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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. 

/Jeremy J. Joy/ 
Examiner, Art Unit 2896 
August12, 2013 

/Cheung Lee/ 
Primary Examiner, Art Unit 2896 
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; "20080038882" I "20080038929" I 
i "20080083950" I "20080203387" I 
t "20080254569" I "20080258140" I 
t "20090008639" I "20090278122" I 
; "20090280600" I "20100025678" I 
; "7049190" I "20090189156" I 
; "8134156" I "20010046027" I 
; "20020056838" I "20060113539" I 
i "20060208977" I "20060238135" I 
t "20010052025" I "20070172591" I 
t "20080296568" I "20100109002" I 
; "7211825" I "7453065" I 
; "20080182358" I "20090073325" I 
; "6532045" I "7453087" I "7501293" I 
; "7674650" I "8021917" I 
i "20050056897" I "20060035452" I 
t "20060108636" I "20060113549" I 
t "20060197092" I "20010072439" I 
t "20010090365" I "20070158652" I 
; "20070187760" I "20080166834" I 
; "20080308797" I "20090134399" I 
; "20090152506" I "5744864" I 
i "6586346" I "6727522" I "6960812" I 
t "7064346" I "7282782" I "7298084" I 
t "7301211" I "7468304" I 
t "20090186445" I "8368079" I 
; "20040038446" I "20040121038" I 
; "20050011302" I "20050199959" I 
~ 

U&PGPUB; OR 
USPAT; 
USOCR; 
FPRS; 
EPO; JPO; 
DERWENT; 
IBM TDB 

ON i 2013/08/12 
i 09:01 
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i "20060043377" I "20060113536" I 
I "20060110111" I "20060292126" I 
I "20010046191" I "20010108446" I 
I "20070252928" I "20010212922" I 
I "20080073653" I "20080129195" I 
I "20080258143" I "20080308804" I 
I "20080308805" I "20090065771" I 
I "20090114910" I "20100092800" I 
I "20120058599" I "7105868" I 

, I "7297977" I "7323356" I , , , , , 
i I "20100003783"). PN. I i i I i l[G ________ i[632o _______ 1l('('8f:;uN-PE1-)m~-~;;2--(vAMA2Af<i')')':-11\Jv:mm-1 u&'ffipus:-i[oRmmmmmmi[oNmmmmi 2a1'3/'o8/'1'2'i 

i i i I USPAT i i I 09:01 i 
l[LAl[368i[('('f<E:NGo)m~~~~2--(;f<i-MoTo)')':-11\Jv:mmmm-l u&'ffipus:-i[oRmmmmmmi[oNmmmmi 2o1'3/'o8/'1'2'i 
I i I I USPAT i i I 09:01 i 
I[ Ls"'"'"i[?'?"'"'"''"'i[('('oAi'suKE)"'~-~;~-2--(KAWAE)')':i'Nv.mmmmmi u'&'ffipus~'i[oRmmmmmmi[oNmmmml 2o1'3/o8/'1'2'i 
I i I I USPAT i i I 09:01 i 
I L6""""i 6'569"'""1 L3"L4"L5""""""""""""""""""""""""""""""""""'"! u'&'ffipus~'i OR"""""""""i ON""""""i 2o1'3/o8i'1'2'i 
I : I i USPAT· : : I 09·01 : 

I I I l~~~,I I 1 · i 
, ; , i DERWENT·' ' ' ' 
1 _____________ j ________________ J ________________________________________________________________________________________ J !_§~=I-~§ __ :J ________________________ ] ________________ J __________________________ ] 
llL7 r43950 I ((angle taper step gradation stair) I U&ffiPUB;!DR !LJN I 2013/08/12! I ! I near3 (source drain)) I USPAT; ! ! I 09:01 ! 

1-------------j """"""""J """"""""""""""""""""""""""""""""""""""""""""J ~~~--------_] """"""""""""] """"""""j """""""""""""] 
llLB r923 I (tft (thin adj film adj transistor)) and I U&ffiPUB;!DR !LJN I 2013/08/12! 
I ! I ((bottom adj gate) bottom$1gate) I USPAT; ! ! I 09:01 ! 

1 _____________ j """"""""J """"""""""""""""""""""""""""""""""""""""""""J ~~~--------_] """"""""""""] """"""""j """""""""""""] 

ILJl:t=:L: mJ ~~1~:JLJLJ~~'.~i:~J 
IL1o !617 !L6andL9 !U&PGPUB;!OR !ON !2013/08/12! 
I i I I USPAT· i i I 09·01 i 

I I I l~~~,I I 1 · i 
, ; , i DERWENT' ' ' ' 
1------------j ________________ J ________________________________________________________________________________________ J ~-§~=I-~§ __ '.J ________________________ _] _________________ J _________________________ _] 
i L15 133 !("20030189401" "20050050897" I US-PGPUB; OR ON !2013/08/12 

I "20060110867" "20060284172" I USPAT; I 09:02 
I "20080128689" "20080258141" I FPRS; 
I "20080308796" "20080308806" I EPO; JPO; 
I "20090068773" "7061014" I I BM TDB 
I "20090189155" "20020132454" I 
I "20060231882" "20060244107" I 
I "20060284171" "20010054507" I 
I "20010152217" "20070287296" I 
I "20080224133" "20080258139" I 
I "20090114917" "20090152541" I 
1"20100044711" "20110318916" I 
I "20120132910" "5847410" I 
I "6294274" I "65 3174" I "7323368" I 
I "7402506" I "7411209" I "8030663" I 
1"8115201" I "8158464" I 
I "20060108529" I "20060113565" I 
I "20060169973" I "20060228974" I 
I "20060292777" I "20080050595" I 
I "20080106191" I "20100065844" I 
i "20100111086" I "5731856" I 
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i "7385224" I "7462862" I "7732819" I 
I "20030218222" I "20060027804" I 
I "20010024187" I "20010187678" I 
I "20070194379" I "20080006877" I 
1"20080038882" I "20080038929" I 
I "20080083950" I "20080203387" I 
I "20080254569" I "20080258140" I 
I "20090008639" I "20090218122" I 
I "20090280600" I "20100025678" I 
I "7049190" I "20090189156" I 
I "8134156" I "20010046027" I 
I "20020056838" I "20060113539" I 
I "20060208977" I "20060238135" I 
I "20010052025" I "20010112591" I 
I "20080296568" I "20100109002" I 
I "7211825" I "7453065" I 
I "20080182358" I "20090073325" I 
I "6532045" I "7453087" I "7501293" I 
I "7674650" I "8021917" I 
I "20050056897" I "20060035452" I 
I "20060108636" I "20060113549" I 
I "20060197092" I "20010012439" I 
I "20010090365" I "20010158652" I 
I "20010187760" I "20080166834" I 
I "20080308797" I "20090134399" I 
I "20090152505" I "5744864" I 
I "6586346" I "6727522" I "6960812" I 
I "7064346" I "7282782" I "7298084" I 
I "7301211" I "7468304" I 
1"20090186445" "8368079" I 
I "20040038446" "20040121038" 1 

I "20050011302" "20050199959" I 
I "20060043377" "20060113536" 1 

I "20060110111" "20060292126" 1 

I "20010045191" "20010108446" 1 

I "20010252928" "20010212922" 1 

I "20080073653" "20080129195" 1 

I "20080258143" "20080308804" 1 

I "20080308805" "20090065771" I 
I "20090114910" "20100092800" 1 

I "20120058599" "7105868" 1 

i : I "7297977" I "7323356" I ! : : ! 
I i I "20100003783"). PN. I i i i 

i i i iUSPAT· i i ~14·18 i 
1r

1
21~~

1
0Ri

1
ai1~2=01=2=10=4=/=04~! 1 

1 ............. 1 ................ ..1 ........................................................................................ ..1.~.~~~~I ... 1 ......................... 1 ................ .J ........................... 1 

11.~ ....... 1r~-~~~---·····1r:~~~:-~~::~-~~~~---·····················································.1 ~~~~-~-~-'.1r~-~---··············1r~~---·········.1 ~~-~~~~~:-~~1 
11.~ ....... 1r~~~---·······1r:~~~:-~-~-:-~-~~:::.~~~: ........................................... J ~~~~-~-~-'.1r~-~---··············1r~-~---·········.1 ~~-~~~~~:-~~1 
1184 ![1431 11"438/158".CCLS. I U&PGPUB;!~~ 2012/04/04! 
I i I I USPAT 1. ...................... JL .............. J 14·32 i 

1[~[53711~~[0Rl[ON]~ I : I lusPAT : : !14·32 : 

11~1119411~~10Rl10NJ~ i : i lusPAT : : !14·32 : 

l[S? m;1;225 m1,::433;;04:. ca:s I US:ffiPUB,;[oR ;[ON I 2012/04/04' 
i : i lusPAT : : !14·32 : 

l[Sl mi[5416 mi1((SHUNPEi1 ~~~;2 (YAMAZA~)) iNV ml US:ffiPUB:i[OR mi[ON ml 2012/04/04' 
1 .......... .) ................... 1 ....................................................................................... ...) ~§~~I ........ ) ...................... .) .................. ..11.~.:~~ .......... .) 
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EJEJl ' •~-~~~~'.Jl~~mmmmmJl~~mmm.J 2012/04/04! ~-~~--------J-:.:.~~-~~: ... ~~~~~--~~~'..~~~~:.:.:~.~-~: .......... J -~-~:.~.? ............ ..! 

[~~o~mJl~•~mmm._J[:.:.~~'..~~~~:m~o~~~-~--~-~~~~:~.:'..~~--mmmmJ U&PGPUB;!~EJ 2012/04/04! 
U8PAT i i l -~-~:.~.? ............ ..! ,,,,,,,,,,,,,,,,,,,,,,,,,,: ,,,,,,,,,,,,,,,,,,,,,,,,,: ,,,,,,,,,,,,,,,,,,.~ 

811 109 ("20080128689" I "20030189401" I I U&PGPUB; OR ON l 2012/04/04! 
"20080308796" I "20080308806" I I U8PAT 
"7061014" I "20060110867" I I 
"20060284172" I "20080258141" I I 
"20090068773" I "7323368" I I 
"20060244107" I "5847410" I I 
"6563174" I "20020132454" I I 
"20060231882" I "20060284171" I I 
"20010054507" I "20010152211" I I 
"20010287296" I "20080224133" I I 
"20080258139" I "20090152541" I I 
"6294274" I "7402506" I "7411209" I I 
"20060108529" I "20060113565" I I 
"20060169973" I "20060228974" I I 
"20060292777" I "20080050595" I I 
"20080105191" I "5731856" I I 
"7385224" I "7462862" I "7732819" I I 
"20080203387" "20090008639" I I 
"20100025678" "20030218222" 1 I 
"20010024187" "20010187678" 1 I 
"20010194379" "20080006877" I I 
"20080038882" "20080038929" I I 
"20080083950" "20080254569" 1 I 
"20080258140" "20090218122" 1 I 
"20090280600" "7049190" I I 
"20010112591" "20080296568" 1 I 
"20010046027" "20020056838" 1 I 
"20060113539" "20060208977" I I 
"20060238135" "20010052025" I I 
"7211825" I "7453065" I "6532045" I I 
"7674650" I "20080182358" I I 
"20090073325" I "7453087" I I 
"7501293" I "20010012439" I I 
"20010158652" I "7298084" I I 
"20010187760" I "20080308797" I I 
"5744864" I "6586346" I "6727522" I I 
"6960812" I "7301211" I I 
"20060035452" I "20060108636" I I 
"20060113549" I "20060197092" I I 
"20010090365" I "20080166834" I I 
"20090134399" I "7064346" I I 
"7282782" I "7468304" I I 
"20010108446" I "20010212922" I I 
"20080308804" I "20080308805" I I 
"20090065771" I "20040038446" I I 
"20040121038" I "20050011302" I I 
"20050199959" I "20060043377" I I 
"20060113536" I "20060110111" I I 
"20010046191" I "20010252928" I I 
"20080073653" I "20080129195" I I 
"20080258143" I "20090114910" I I 
"7105868" I "7297977" I I 
?~?~.~.?~::).:.~~: ..................................................... ...! 

812 6 !"2007123861" U&PGPUB; OR ON l 2012/04/04! 

I 

U8PAT; l 14:47 : 
USOCR; 

I i 

FPR8; 
EPO; JPO; 
DERWENT; 
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I ("20020153587" I "20030013261" I I U& PGPUB;: OR :,,,',,,',,,',,, ON I 2012/ 04/ 04! I "20030047785" I "20030111663" I i USPAT· : I 16:20 : 
I "20030207502" I "20030218221" I I USOCR : i ' 
I "20030218222" I "20030219530" I 1 

' I i 

I ::~~~:~~~~~3·~~~~~:~~!~~~~·2~5130" I I I .1 I 

814141 

I "6362499" I "6563174" I I ! : 
______________________________ J ::?g_~I!?_1_~'.'.L~~:_-9!3XX~!?_~X§~'.'.L~!3-~_J ________________________ _: __________________________________________ j _________________________ __ 

51 H"20020171085" I "20030047785" I I U&PGPUB;! ON I 2012/04/04! 
I "20030111663" I "20030218221" I I USPAT; : I 16:21 : 
I "20030218222" I "20040023432" I I USOCR : I : 
I "20040121038" I "20050011244" I I i I i 
I "3294660" I "5289016" I "5744864" I I i I i 
I "6362499" I "6391462" I I i I i 

_________________ t_~I~X-~~~-~1:~~-:_g_~ __ C:I~-~X-~I?J_:_~-!3~~: __ L _______________________ j __________________ L ________________________ j 
816 132 I ("20010046027 I "20020056838 I U&PGPUB; OR ON I 2012/04/04! 

I "20020109796" "20020132454" USPAT; I 16:23 ! 
I "20040038446" "20040127038" USOCR 
I "20040132293" "20050011302" 
I "20050199959" "20050259206" 
I "20050215038" "20060035452" 
1"20060086933" "20060091793" 
I "20060108529" "20060108636" 
I "20060110867" "20060113536" 
I "20060113539" "20060113549" 
I "20060113565" "20060163743" 
I "20060169973" "20060110067" 
I "20060170111" "20060197092" 
I "20060208977" "20060228974" 
I "20060231882" "20060238135" 
I "20060244107" "20060284171" 
I "20060284172" "20060286737" 
I "20060292777" "20070024187" 
I "20010046191" "20010052025" 
I "20070054507" "20070072439" 
I "20070090365" "20070108446" 
I "20070158652" "20070172591" 
I "20070187678" "20070187760" 
I "20070194379" "20070252928" 
I "20070272922" "20070287296" 
I "20080006877" "20080038882" 
I "20080038929" "20080050595" 
1"20080073653" "20080083950" 
I "20080106191" "20080128689" 
I "20080129195" "20080166834" 
I "20080182358" "20080198108" 
I "20080224133" "20080254569" 
1"20080258139" "20080258140" 
I "20080258141" "20080258143" 
I "20080308796" "20080308797" 
I "20080308804" "20080308805" 
I "20080308806" "20090008639" 
I "20090073325" "20090114910" 
I "20090114911" "20090134399" 
I "20090152541" "20090153762" 
' 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[8/12/2013 9:04: 35 AM] 

410



EAST Search History 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[8/12/2013 9:04: 35 AM] 

411



EAST Search History 

; "20060208977" "20060228974" 
1"20060231882" "20060238135" 
1"20060244107" "20060249733" 
I "20060284171" "20060284172" 
I "20060286737" "20060292777" 
I "20070024187'' "20070046191" 
I "20070052025" "20070054507" 
I "20070072439" "20070090365" 
1"20070108446" "20070141784" 
1"20070152217" "20070158652" 
I "20070172591" "20070187678" 
I "20070187760" "20070194379" 
I "20070238228" "20070252928" 
I "20070272922" "20070287296" 
1"20080006877" "20080038882" 
I "20080038929" "20080050595" 
I "20080073653" "20080083950" 
I "20080106191" "20080108198" 
1"20080128689" "20080129195" 
1"20080166834" "20080174710" 
I "20080182358" "20080198108" 
1"20080224133" "20080254569" 
I "20080258139" "20080258140" 
I "20080258141" "20080258143" 
I "20080308796") PN. OR 
I ("20080308797 1 "20080308804" 
1"20080308805" "20080308806" 
1"20090008639" "20090068773" 
I "20090073325" "20090114910" 
I "20090114911" "20090134399" 
I "20090152541" "20090153762" 
I "20090186437" "20090186445" 
I "20090189155" "20090189156" 
I "20090239335" "20090278122" 
I "20090280600" "20090305461" 
1"20100003783" "20100038639" 
I "20100085283" "20100240157" 
1"20110012119" "20110024787" 
I "5382457" "5530265" "569601 " 
I "5701167" "5731856" "5803975" 
I "5817548" "588841 O" "5930607" 
I "5952708" "5994157" "6294274" 
I "6459418" "6529251" "6532045" 
I "6563174" "6674136" "6727522" 
I "6819368" "6852998" "6900461" 
I "6921627" "7009204" "7012658" 
I "7049190" "7061014" "7064346" 
I "7067843" "7075614" "7105868" 
I "7189992" "7211825" "7264979" 
I "7268842" "7282782" "7297977" 
I "7323356" "7330234" "7339187'' 
I "7365805" "7385224" "7391055" 
I "7402506" "7411209" "7453065" 
I "7453087" "7456430" "7462862" 
I "7468304" "7470607" "7485478" 
I "7501293" "7560396" "7633471" 

i ' I "7732818" "7825419" "7855380" ' ' ' ' 
I : I "RE38292") PN. OR ("8134156").URPN. I : : ! 

ll~~ t ll~~a~~~1~ I ~~1~~Jl~~ ][~ ]~~=~1=:=~0=4=/=04~11 
115"7 in! (buffer near5 (source drain) with (ozidel U&PGPUB;jnR jnN I 2012/04/04j 
I ! I near2 semiconductor)) I USPAT; ! ! I 16:48 ! 
I : I I USOCR : : I : 
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'-~~~~~~~~~~~~~· 11.~~~~~~~~~~~~~~~~~~~- "'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' h~~~~~~~~~~~~~~~~~~~~~~~~~· "~~~~~~~~~~~~~~~~~~~~~~~~~· 11.~~~~~~~~~~~~~~~~~~~~ 1~~~~~~~~~~~~~~~~~~~~~~~~~~~· 

LJD! (buffer with (source drain) with (ozide i U&PGPUB;!DR !LJN I 2012/04/04! 
i near2 semiconductor)) I USPAT; ! ! i 16:48 ! 
I I USOCR i i I i 

~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~: 

LJDI (source drain) with (ozide near2 i U&PGPUB;!DR !LJN ; 2012/04/04! 
; semiconductor) with channel I USPAT; ! ! ; 16:49 ! 
I I USOCR i i I i 

~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~: 

LJ[5583 I (source drain) with (oxide near2 I U&ffiPUB;!DR !LJN ; 2012/04/04! 
I semiconductor) with channel I USPAT; ! ! ; 17:03 ! 

________________ ___; ________________________________________________________________________________________ __] ~~-~--------_: ________________________ _: _________________ __] _________________________ _: 

LJD71 I (buffer with (source drain) with (oxide I U&PGPUB;!DR !LJN ; 2012/04/04! 
lnear2semiconductor)) !USPAT; ! ! ;17:03 ! 

________________ ___; ________________________________________________________________________________________ __] ~~-~--------_: ________________________ _: _________________ __] _________________________ _: 

LJLJ18 I (buffer with (source drain) with (oxide I U&PGPUB;!DR !LJN ; 2012/04/04! 
I near2 semiconductor) with channel) I USPAT; ! ! ; 17:03 ! 

................... L ........................................................................................ J ~~~ ......... L ........................ L ................ J .......................... l 

LJDl:2a~d:1~ ml ~~1~BJDLJ ~~1~:4/0:! 
834 108 I ("20010046027 I "20020056838 I U&PGPUB; OR ON ; 2012/04/04! 

!"20020132454" "20030189401" USPAT; l17:08 i 
I "20030218222" "20040038446" USOCR 
I "20040121038" "20050011302" 
I "20050199959" "20060035452" 
I "20060043377" "20060091193" 
I "20060108529" "20060108636" 
I "20060110867" "20060113536" 
I "20060113539" "20060113549" 
I "20060113565" "20060169973" 
I "20060110111" "20060191092" 
I "20060208977" "20060228974" 
I "20060231882" "20060238135" 
I "200602441 OT' "20060284171" 
I "20060284112" "20060292771" 
I "20010024187'' "20010045191" 
I "20010052025" "20010054501" 
1"20070072439" "20070090365" 
I "20070108446" "20070152217" 
I "20070172591" "20070187678" 
I "20070187760" "20070194379" 
I "20070252928" "20070272922" 
I "20070287296" "20080006877" 
I "20080038882" "20080038929" 
I "20080050595" "20080073653" 
I "20080083950" "20080106191" 
I "20080128689" "20080129195" 
I "20080166834" "20080182358" 
I "20080203387" "20080224133" 
I "20080254569" "20080258139" 
I "20080258140" "20080258141" 
I "20080258143" "20080296568" 
1"20080308796" "20080308797" 
I "20080308804" "20080308805" 
I "20080308806" "20090008639" 
I "20090065771" "20090068773" 
I "20090073325" "2009011491 O" 
I "20090134399" "20090152541" 
I "20090278122" "20090280600" 
i "20100025678" I "20110012118" 
I "5731856" I "5744864" I "5847410" I 
I "6294274" I "6563174" I "6586346" I 
I "6727522" I "6960812" I "7049190" I 
t "7061014" I "7064346" I "7105868" I 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[8/12/2013 9:04: 35 AM] 

413



EAST Search History 

i "7211825" I "7282782" I "7297977" I 
I "7301211" I "7323356" I 
I "7385224").PN. OR ("7402506" I 
I "7411209" I "7453065" I "7453087" I 
I "7462862" I "7468304" I "7501293" I 

I : I "7674650" I "7732819" I i : : : : 
I : I "7915075"). PN. OR (" 8021917"). URPN. I : : I : 
11~r~1~~r~rail~ i i i iUSPAT· i i i17·1Q i l_j__J·~~~__J---" 
11836 !DI 834 and ((angle taper) near5 (source I U&PGPUB;jDR jLJN I 2012/04/04! 
i i !drain)) !USPAT; i i !17:10 i 
I ............. J ................ J ........................................................................................ J ~~g~ ......... J ........................ ! ................ J .......................... ! 
l[S37 1154124 I ((angle taper) nears (source drain)) I U&ffiPUB;IDR !LJN I 2012/04/04! 
i i i i USPAT · i i i 1 7 · 1 3 i 

I ............ J ................ .J ........................................................................................ ..! -~-~!3 ......... J ........................ .! ................. ..! ...... : .................. ..! 

I i I I USPAT · i i I 17·13 i 
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I ............ .! ................ ..! ....................................................................................... J -~-~-13 ......... .! ........................ .! ................. ..l .......................... .! 
l[S40 113037 I ((taper incline decline angle) near3 I U&ffiPUB;IDR !ION I 2012104/041 
I ! I (side sidewall surface) near3 (source I USPAT; ! ! I 17:23 ! 
I i I drain)) I USOCR i i I i 
l[S41mll178 mmi (Iii (thi~~di iii;;; ~dj ;;~~;i~~;11 ;;;;dmmi US:ffiPUB:!IOR !ION mmi 2012/04i04-
i i i 840 i USPAT· i i i 17·24 i 

I .......... ...I ................ ...! ........................................................................................ ..1 ~~-~ ...... ...! ...................... ...! ................. ..! ..... ~ .................. ..! r 'Do rUS708164t" IU&ffiPUB;IDR !DN 12012/04/04! 
i i i i USPAT· i i i 17·29 i 

I I I l~~~TI I I . I ' ·············' ...................• -............................................................................................ ·························' ·························' ···················" ··························' 
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1 ........... ) ................... ! ........................................................................................ ) ~~~ ....... ) ....................... ) ................... ~ ........................ ) 
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1 ........... ..j ................... 1 ........................................................................................ )~~~-------..1 ....................... ..) ................. ) ........................ ..j 
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i i i i USPAT · i i i 17 "41 i 

I ............ .J ................ .J ........................................................................................ ...1 ~~B ........ .J ....................... .J ................ ...! ...... : .................. .J 
r6 'LJ6t llS45andSt7 IU&ffiPUB;IDR !LJN 12012/04/04! 
i i i i USPAT · i i i 17 "42 i 

l_j__J~~~__J---" 
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I ! I electrode)) I USPAT; ! ! I 17:42 ! 
I : I !USOCR : : I : 
1[848 11243 mmi (;;;p~; ;;;;gi~1 ~;;;3 ;;;~~;~~d;~i~1 ~di i US:PCRJB:ilOR mil ON mi 2012/04i04' 
i : i electrode) i USPAT : : i 17"42 : 

I ............ J ................ .J ........................................................................................ ..I .~.??9B ........ .J ........................ .! ................. ..! ...... : .................. ..! 

i i i 848 i USPAT i i i 17 "43 i 
l[S49 11206 I (tft (thin adj film adj transistor)) and I U&Pt?PUB;IDR !LJN I 2012/04/04! 

I ............ J ................ .J ........................................................................................ ..I .~.??9B ........ .J ........................ .! ................. ..! ...... : .................. ..! 
l[sso '[Jg r25 and (angle taper) I U&Pt?PUB;IDR 'ION 12012/04/041 I : I I USPAT; : : I 17: 53 : 
I L I- J~~ L L J m: 
11851 jl519 ll(source drain) near3 (tilt adj angle) 11us-PGPUB;jlOR jlON ll2012/04/04j 
I : I i USPAT; : : I 17: 56 : 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

) Confirmation No.: 7085 

) Examiner: Jeremy J. Joy 

) Group Art Unit: 2896 

Filed: February 11, 2013 ) 

For: SEMICONDUCTOR DEVICE ) 

AND MANUFACTURING ) 

METHOD THEREOF ) 

AMENDMENT 

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

Dear Sir: 

In response to the Official Action dated August 29, 2013, please consider the 

following amendments and remarks in connection with the above-identified application. 

Amendments to the Claims are reflected in the listing of claims, which begins 

on page 2 of this paper. 

Remarks begin on page 8 of this paper. 
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The listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1. (Canceled) 

2. (Currently Amended) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; [[and]] 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer~ 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the 

drain electrode; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein each of a side surface of the source electrode and a side surface of the 

drain electrode has a tapered shape, 

wherein the second insulating layer is in contact with an upper surface of the 
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source electrode and an upper surface of the drain electrode, 

wherein each ·of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer, 

wherein a first angle of the tapered shape that is made between the side surface 

of the source electrode and an upper surface of the glass substrate is greater than or 

equal to 20° and smaller than or equal to go 0
, and 

wherein a second angle of the tapered shape that is made between the side 

surface of the drain electrode and the upper surface of the glass substrate is greater 

than or equal to 20° and smaller than or equal to go 0
• 

3. (Previously Presented) The semiconductor device according to claim 2, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

4. (Previously Presented) The semiconductor device according to claim 2, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

5. (Previously Presented) The semiconductor device according to claim 2, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

6. (Previously Presented) The semiconductor device according to claim 2, 

wherein the oxide semiconductor layer further comprises gallium. 

7. (Previously Presented) The semiconductor device according to claim 2, 

wherein the pixel electrode is in contact with the drain electrode. 
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8. (Previously Presented) The semiconductor device according to claim 2, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

g_ (Canceled) 

10. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises in'dium and zinc, 

wherein each of a side surface of the source electrode and a side surface of the 

drain electrode has a step in a lower portion thereof, 

wherein a first angle of the step that is made between the side surface of the 

source electrode and an upper surface of the glass substrate is greater than or equal to 

20° and smaller than or equal to go 0
, and 

wherein a second angle of the step that is made between the side surface of the 

drain electrode and the upper surface of the glass substrate is greater than or equal to 

20° and smaller than or equal to go 0
• 
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11. (Previously Presented) The semiconductor device according to claim 10, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

12. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

13. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

14. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer further comprises gallium. 

15. (Previously Presented) The semiconductor device according to claim 10, 

wherein the pixel electrode is in contact with the drain electrode. 

16. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

17. (Previously Presented) The semiconductor device according to claim 10, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 
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wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

18. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein a first angle between a surface of the glass substrate and a side surface 

of a first bottom edge of the source electrode is made to be different from an angle 

between the surface of the glass substrate and a side surface of a top edge of the 

source electrode, and 

wherein a second angle between the surface of the glass substrate and a side 

surface of a second bottom edge of the drain electrode is made to be different from an 

angle between the surface of the glass substrate and a side surface of a top edge of the 

drain electrode. 

19. (Previously Presented) The semiconductor device according to claim 18, 

wherein each of the source electrode and the drain electrode is in contact with an upper 
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surface of the first insulating layer. 

20. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

21. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

22. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer further comprises gallium. 

23. (Previously Presented) The semiconductor device according to claim 18, 

wherein the pixel electrode is in contact with the drain electrode. 

24. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

25. (Previously Presented) The semiconductor device according to claim 18, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 
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REMARKS 

The Official Action mailed August 29, 2013, has been received and its contents 

carefully noted. This response is filed within three months of the mailing date of the 

Official Action and therefore is believed to be timely without extension of time. 

Accordingly, the Applicant respectfully submits that this response is being timely filed. 

The Applicant notes with appreciation the consideration of the Information 

Disclosure Statements filed on February 11, 2013 and April 23, 2013. 

Claims 2-25 were pending in the present application prior to the above 

amendment. Claim 9 has been canceled without prejudice or disclaimer and claim 2 

has been amended to better recite the features of the present invention. The Applicant 

notes with appreciation the allowance of claims 10-25. Accordingly, claims 2-8 and 10-

25 are now pending in the present application, of which claims 2, 10 and 18 are 

independent. For the reasons set forth in detail below, all claims are believed to be in 

condition for allowance. Favorable reconsideration is requested. 

Paragraph 3 of the Official Action rejects claims 2-9 as obvious based on the 

combination of U.S. Publication No. 2007/0108446 to Akimoto, U.S. Publication No. 

2005/0056897 to Kawasaki and U.S. Publication No. 2008/0073653 to Iwasaki. The 

Applicant respectfully submits that a prima facie case of obviousness cannot be 

maintained against the independent claims of the present application, as amended. 

As stated in MPEP §§ 2142-2144.04, to establish a prima facie case of 

obviousness, three basic criteria must be met. First, there must be some reason, either 

in the references themselves or in the knowledge generally available to one of ordinary 

skill in the art, to modify the reference or to combine reference teachings. Second, 

there must be a reasonable expectation of success. Finally, the prior art reference (or 

references when combined) must teach or suggest all the claim limitations. 

Obviousness can only be established by combining or modifying the teachings of the 

prior art to produce the claimed invention where there is some reason to do so found 

either explicitly or implicitly in the references themselves or in the knowledge generally 
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available to one of ordinary skill in the art. "The test for an implicit showing is what the 

combined teachings, knowledge of one of ordinary skill in the art, and the nature of the 

problem to be solved as a whole would have suggested to those of ordinary skill in the 

art." In re Kotzab, 217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See 

also In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones, 958 F.2d 

347, 21 USPQ2d 1941 (Fed. Cir. 1992). 

The prior art, either alone or in combination, does not teach or suggest all the 

features of the independent claims, as amended. Initially, independent claim 2 has 

been amended to recite a first buffer layer between the oxide semiconductor layer and 

the source electrode; and a second buffer layer between the oxide semiconductor layer 

and the drain electrode, wherein each of the first buffer layer and the second buffer 

layer has lower resistivity than the oxide semiconductor layer, previously recited in claim 

9. In addition, claim 2 has been further amended to recite that the second insulating 

layer is in contact with an upper surface of the source electrode and an upper surface of 

the drain electrode, which is supported in the specification at least by FIG. 4C. For the 

reasons provided below, Akimoto, Kawasaki and Iwasaki, either alone or in 

combination, do not teach or suggest the above-referenced features of the present 

invention. 

With respect to canceled claim 9, the Official Action asserts that Akimoto 

discloses "a first and second buffer layer between the oxide semiconductor layer and 

the source electrode respectively wherein each of the first and second buffer layers has 

a lower resistivity than the oxide semiconductor layer (Fig. 1A, buffer layers 1 Ob/11 b; 

~0064-0065)" (page 5, Id.). However, Akimoto either alone or in combination with 

Kawasaki and Iwasaki does not disclose that the second insulating layer is in contact 

with an upper surface of the source electrode and an upper surface of the drain 

electrode. Instead, Akimoto appears to show that the alleged first and second buffer 

layers 1 Ob and 11 b are interposed between an insulating layer 14 and the alleged 

source and drain electrodes 1 Oa and 11a. See, for example, Akimoto at FIG. 48. 
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Accordingly, Akimoto does not teach that a second insulating layer is in contact with an 

upper surface of the source electrode and an upper surface of the drain electrode. 

Furthermore, Kawasaki and Iwasaki do not cure the deficiencies of Akimoto in this 

regard. Therefore, the Applicant respectfully submits that Akimoto, Kawasaki and 

Iwasaki, either alone or in combination, do not teach or suggest that the second 

insulating layer is in contact with an upper surface of the source electrode and an upper 

surface of the drain electrode. 

Since Akimoto, Kawasaki and Iwasaki do not teach or suggest all the claim 

limitations, a prima facie case of obviousness cannot be maintained. Accordingly, 

reconsideration and withdrawal of the rejections under 35 U.S.C. § 103(a) are in order 

and respectfully requested. 

Should the Examiner believe that anything further would be desirable to place 

this application in better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number listed below. 

The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16, 

1.17, 1.20(a), 1.20(b), 1.20(c), and 1.20(d) (except the Issue Fee) which may be 

required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280. 

Respectfully submitted, 

Sean C. Flood 
Reg. No. 64,378 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Response to Amendment 

Applicant's amendment to the claims filed on 11 /25/2013 has been 

acknowledged and entered. Final office action on the merits is as follows: 

Claim Rejections - 35 USC § 103 

Page 2 

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. 

1. Claims 2-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Akimoto (U.S. Patent Pub. No. 2007/0108446) in view of Kawasaki et al. (U.S. 

2005/0056897, from hereinafter "Kawasakl') in view of Iwasaki (U.S. Patent Pub. No. 

2008/0073653, from hereinafter "lwasakl') in view of Shih et al. (U.S. Patent Pub. No. 

2006/0033098, from hereinafter "Shih"). 

Regarding Claim 2, Akimoto teaches a glass substrate (Fig. 1 A, substrate 1 ); a 

transistor over the glass substrate, the transistor comprising: a gate electrode (Fig. 1 A, 

gate electrode 3); a first insulating layer over the gate electrode (Fig. 1 A, insulating layer 

5); an oxide semiconductor layer over the first insulating layer (Fig. 1 A, oxide 

semiconductor layer 13); and a source electrode and a drain electrode each electrically 
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connected to the oxide semiconductor layer (Fig. 1 A, source/drain electrode 1 Oa/11 a); a 

first buffer layer between the oxide semiconductor layer and the source electrode and a 

second buffer layer between the oxide semiconductor layer and the drain electrode (Fig. 

1 A, buffer layer 1 Ob/11 b, 1[ 0053-0069); a second insulating layer over the transistor 

(Fig. 10, layer 49); a pixel electrode over the second insulating layer (Fig. 10, pixel 

electrode 50); a third insulating layer over the pixel electrode (Fig. 10, second insulating 

layer 81 ); a light emitting layer over the pixel electrode and the third insulating layer 

(Fig. 10, light emitting layer 82); and an electrode over the light emitting layer (Fig. 10, 

electrode 83; 1['s 0155- 0180), wherein each of the first buffer layer and the second 

buffer layer has a lower resistivity than the oxide semiconductor layer (110064). In 

particular, Akimoto teaches doping said first and second buffer layers comprising ZnO 

such that said buffer layers will have a lower resistance than that of the channel. 

Akimoto fails to teach wherein each of the side surface of the source electrode 

and a side surface of the drain electrode has a tapered shape, and wherein a first and 

second angle of the tapered shape that is made between the side surface of the source 

electrode and the drain electrode respectively and an upper surface of the glass 

substrate is greater than or equal to 20 ° and less than 90 °. 

Kawasaki teaches, in a similar bottom gate TFT, source and drain electrodes 

wherein a first angle formed a first angle between a surface of the substrate and a side 

surface of a first bottom edge of the source electrode and a second angle between the 

surface of the substrate and a side surface of a second bottom edge of the drain 
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electrode are each greater than or equal to 20° and less than 90° (Fig. 1 and 5; source 

and drain regions 105, substrate 10; ,-r·s 0027-0031; 45°angle). 

In view of the teachings of Kawasaki, it would have been obvious to a person 

having ordinary skill in the art at the time of the invention to modify the teachings of 

Akimoto to include the source and drain electrodes having angles formed as claimed 

with respect to the substrate and the side surfaces of the electrodes because forming 

tapered sidewalls as disclosed by Kawasaki in a TFT increases device performance by 

reducing contact resistance between the channel region (oxide semiconductor layer of 

Akimoto) and the source and drain electrodes. 

Akimoto above fails to teach the oxide semiconductor layer comprises indium 

and zinc but rather just teaches using a zinc oxide layer. 

Iwasaki however teaches a similar TFT wherein the semiconductor channel layer 

comprises a semiconductor oxide channel layer comprises indium and zinc (Fig. 1, 

channel layer 11a;1[ 0072-0077). 

In view of the teachings of Iwasaki, it would have been obvious to a person 

having ordinary skill in the art at the time of the invention to modify the teachings of 

Akimoto to include the semiconductor oxide layer comprises indium and zinc because 

as taught by Iwasaki a semiconductor oxide layer comprising multiple metals including 

indium and zinc can help to control the threshold voltage in a device. Also, it has been 

held to be within the general skill of a worker in the art to select a known material on the 

basis of its suitability for the intended use as a matter of obvious design choice. In re 

Leshin, 125 USPQ 416. 
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Akimoto also fails to teach wherein the second insulating layer is in contact with 

an upper surface of the source electrode and an upper surface of the drain electrode 

and is also silent wherein each of the first buffer layer and the second buffer layer has 

lower resistivity than the oxide semiconductor layer although Akimoto does teach 

doping said buffer layer that comprises the same material as the oxide semiconductor 

layer which does substantially make it lower in resistance. 

Shih however teaches in a similar device to that of Akimoto first and second 

buffer layers formed between a channel and source and drain electrodes respectively 

wherein each of the buffer layers has a lower resistivity than the channel layer and 

furthermore, wherein an upper surface of the source and drain electrode is exposed 

from the buffer layers (Fig. 3, channel layer 26, source/drain electrodes 24/25, first and 

second buffer layers24/28; 1[ 0020-0022). 

In view of the teachings of Shih, it would have been obvious to a person having 

ordinary skill in the art at the time of the invention to modify the teachings of Akimoto to 

include that the first and second buffer layers specifically has lower resistivity than the 

oxide semiconductor layer because this will improve electrical optoelectronic 

performance in the device as the current that flows through the device will not need to 

be limited due to a typical high contact resistance without the buffer layers and to 

include that the second insulating layer is in contact with an upper surface of the source 

and drain electrode because this is an obvious matter of design choice and would allow 

a subsequently formed pixel electrode to contact the drain electrode directly without the 

buffer layer also being disposed there between. 
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.Regarding Claim 3, Akimoto teaches wherein each of the source and drain 

electrode is in contact with an upper surface of the first insulating layer (Fig. 1 A). 

Regarding Claim 4, Akimoto teaches wherein the oxide semiconductor layer is 

over the source and drain electrode (Fig. 1 A). 

Regarding Claim 5, as in the combination of Akimoto and Kawasaki above, 

Akimoto teaches wherein the oxide semiconductor layer is in contact with each of the 

side surface of the source and drain electrodes (Fig. 1 A). 

Regarding Claim 6, as in the combination of Akimoto and Iwasaki above, 

Iwasaki teaches the oxide semiconductor layer further comprises gallium (110072-0077). 

Regarding Claim 7, Akimoto teaches the pixel electrode is in contact with the 

drain electrode (Fig. 10). 

Regarding Claim 8, as in the combination of Akimoto and Iwasaki above, 

Iwasaki teaches the oxide semiconductor layer is a non-single-crystal film (110072-0077, 

amorphous semiconductor film). 

Allowable Subject Matter 

2. Claims 10-25 are allowed because the prior art of record neither anticipate nor 

rendered obvious the limitations of base claims 10 including "wherein each of a side 

surface of the source electrode and a side surface of the drain electrode has a step in 

the lower portion thereof, wherein the first angle of the step that is made between the 

side surface of the source electrode and an upper surface of the glass substrate is 

greater than or equal to 20° and less than 90°, and wherein a second angle of the step 
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that is made between the side surface of the drain electrode and the upper surface of 

the glass substrate is greater than or equal to 20° and less than 90°" and the limitations 

of base claim 18 including "wherein the first angle between a surface of the glass 

substrate and a side surface of a first bottom edge of the source electrode is made to be 

different from an angle between the surface of the glass substrate and a side surface of 

a top edge of the source electrode, and wherein the second angle between a surface of 

the glass substrate and a side surface of a first bottom edge of the drain electrode is 

made to be different from an angle between the surface of the glass substrate and a 

side surface of a top edge of the drain.". In particular, the prior art of record falls short 

with regards to teaching that the source and drain electrodes have a step on the side 

surfaces of them and wherein the step comprises two different angles in relationship to 

the substrate. 

Response to Arguments 

Applicant's arguments with respect to the claims have been considered but are 

moot because the arguments do not apply to any of the references being used in the 

current rejection. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
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§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JEREMY JOY whose telephone number is (571 )270-

7445. The examiner can normally be reached on Monday - Friday, 8am - 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Such can be reached on (571 )-272-8895. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 
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',,_ 6 l ... ··'
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1 ............. ! .................. } ........................................................................................... 1 ~-~~=:r~.~ .. :.l ......................... ! .................. ..! ........................ ..! 
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l ·1 'l ·1 ·1 ·1 'I . 
.......... ...! """"""""..! :~-~~~~~~::}~~9~~.(~~.].~;~i~~~-~~~~~.J """"""""""""..! """""""""""...! """"""""...! """"""""""""...! 
LJD5 llS25 and 817 I U&ffiPUB;;DR !LJN l 2012/04/04! 

I- l~~~J J 1 1 ~ 44 
ml 

LJDi (buffer near5 (source drain) with (ozide! U&PGPUB;!DR !LJN i 2012/04/04! 
i near2 semiconductor)) I USPAT; ! ! i 16:48 ! 

................ .J ....................................................................................... J -~-~9.13 .......... L ........................ L .................. L ......................... J 

LJDI (buffer with (source drain) with (ozide i U&PGPUB;!DR !LJN I 2012/04/04! 
I near2 semiconductor)) I USPAT; ! ! I 16:48 ! 
i I USOCR i i i i 

~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~: ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~: 

LJDI (source drain) with (ozide near2 I U&PGPUB;!DR !LJN I 2012/04/04! 
I semiconductor) with channel I USPAT; ! ! I 16:49 ! 

___________________ ;_ _______________________________________________________________________________________ __] ~~-~--------_: ......................... L ................ .J __________________________ ! 

LJ[5583 I (source drain) wi1h (oxide near2 I U&ffiPUB;IDR !LJN I 2012/04/04! 
I semiconductor) with channel I USPAT; ! ! I 17:03 ! 

___________________ ;_ _______________________________________________________________________________________ __] ~~-~--------_: ________________________ _: ................. .J .......................... ! 
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lnear2semiconductor)) !USPAT; ! ! 117:03 ! 

................... L ........................................................................................ J ~~~ ......... L ........................ L ................ J ......................... .! 
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................... L ........................................................................................ J ~~~ ......... L ........................ L ................ J ......................... .! 
l I USPAT· i i l 17·04 i LJ[]4 llS'.32 and 817 IU&ffiPUB;;DR !LJN !2012/04/04! 
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i "20060244107'' "20060284171" 
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I "20070024187'' "20070046191" 
I "20070052025" "20070054507" 
I "20070072439" "20070090365" 
I "20070108446" "20070152217" 
I "20070172591" "20070187678" 
i "20070187760" "20070194379" 
I "20070252928" "20070272922" 
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I "20080128689" "20080129195" 
i "20080166834" "20080182358" 
I "20080203387" "20080224133" 
I "20080254569" "20080258139" 
I "20080258140" "20080258141" 
I "20080258143" "20080296568" 
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i "20080308806" "20090008639" 
~ 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[ 12111/2013 2:42:43 AM] 

451



EAST Search History 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[ 12111/2013 2:42:43 AM] 

452



EAST Search History 

LJ[206 I (tft (thin adj film adj transistor)) and I U&ffiPUB;IDR !LJN I 2012/04/04! 
I 848 I USPAT; : : I 17:43 : 

................ J ........................................................................................ J ~~9-~ ........ .! ........................ .! ................. J ........................ J 
~ i USPAT· i i i 17·53 i LJ[]g 11825 and (angle taper) I U&ffiPUB;IDR !LJN I 2012/04/04! 

J J~~~J J L m 

~ i USPAT· i i i 17·56 i LJLJ19 I (source drain) near3 (tilt adj angle) I U&PGPUB;!DR !LJN I 2012/04/04! 

________________ J ___________________________________________________________________________________________ ! ~~-q~ _________ L ________________________ L ________________ J ...... : ................. ..! 
i I USPAT· i i i 17·56 i LJD4 11'°1 and 817 I U&ffiPUB;IDR !LJN I 2012/04/04! 

J l~~~J J J m 

i I USPAT· i i i 17·59 i LJ1ss14 Ilsa se 810 I u&ffiPUB;IDR !LJN 12012104104! 

J l~~~J J J m 

LJ[3354 i "'3 and (tft (thin adj film)) and (angle I U&ffiPUB;IDR !LJN I 2012/04/04! 
I taper) I USPAT; ! ! I 17:59 ! 
I I USOCR i i I i 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LJ[145 i "'3 and (tft (thin adj film)) and ((angle! U&ffiPUB;IDR !LJN I 2012/04/04! 
I taper) near3 (source drain)) I USPAT; ! ! I 18:00 ! 

.................. L ....................................................................................... J ~~~ ........ .! ........................ ! ................ .J .......................... ! 

LJDru87564oss" iu&ffiPUB;IDR :DN 12012104104: 
i I USPAT· i i i 18·04 i I I USOCR; : : I . : 
L ml [)§Fll/llEl'J!L L J J 

20 I ("20020043662" I "20030148561" I I U&PGPUB;! ON I 2012/04/04! 
"20030213959" I "20030234424" I I USPAT; : . 
"20040189188" I "4797108" I IUSOCR : 
"5028551" I "5151806" I "5640067" I I i 
"6037197" I "6121660" I "6388270" I I i 
"6433363" I "6448116" I "6476416" I I i 
"6639244" I "6709901 ").PN. OR I : 
.C:.?.~~-~-Q~~~L.~.~~: ............................................... L ....................... J 

~ i USPAT· i i ~ 18·05 i LJDll'°7 and angle I U&ffiPUB;IDR !LJN I 2012/04/04! 

J J~~~L L J m, 

859 218 H"20030189401" I "20080128689" I U&PGPUB; OR ON !2012/09/18 
I "20080308796" I "20080308806" I USPAT; I 18:08 
I "7061014" I "20060110867" I USOCR; 
I "20060284172" I "20080258141" I FPRS; 
I "20090068773" I "20060244107" I EPO; JPO; 
I "5847410" I "6563174" I DERWENT; 
I "20020132454" I "20060231882" I I BM TDB 
I "20060284171" I "20010054507" I 
I "20010152211" I "20010287296" I 
1"20080224133" I "20080258139" I 
I "20090152541" I "6294274" I 
I "7402506" I "7411209" I 
I "20110012118" I "7915075" I 
1"7462862" I "20060108529" I 
I "20060113565" I "20060169973" I 
I "20060228974" I "20060292777" I 
1 "20080050595" I "20080106191" I 
I "5731856" I "7385224" I "7732819" I 
I "20080203387" I "20090008639" I 
I "20100025678" I "20030218222" I 
I "20010024187" I "20070187678" I 
I "20010194379" I "20080006877" I 
I "20080038882" I "20080038929" I 
1 "20080083950" I "20080254569" I 
~ 
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i "20080258140" I "20090278122" I 
I "200902so600" I "7049190" I 
I "20010112591" I "2ooso296568" I 
I "20010046027" I "20020056838" I 
I "20060113539" I "20060208977" I 
I "20060238135" I "20010052025" I 
I "7211825" I "7453065" I "7674650" I 
I "2ooso1 s2358" I "20090073325" I 
I "7453087" I "7501293" I 
I "20010012439" I "7282782" I 
I "20070187760" I "20080308797" I 
I "5744864" I "6586346" I "6727522" I 
1"6960812" I "7301211" I 
1"20060035452" I "20060091793" I 
I "20060108636" I "20060113549" I 
I "20060197092" I "20010090365" I 
I "2ooso166834" I "20090134399" I 
I "7064346" I "7468304" I 
I "20050199959" I "20010108446" I 
I "7297977" I "2ooso3osso4" I 
I "2ooso3osso5" I "20090065771" I 
I "20040038446" I "20040121038" I 
I "20050011302" I "20060043377" I 
I "20060113536" I "20060110111" I 
I "20010046191" I "20070252928" I 
I "20010212922" I "2oosoo73653" I 
l"2ooso129195" I "20080258143" I 
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Attorney Docket No. 0756-10065 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

Filed: February 11, 2013 

For: SEMICONDUCTOR DEVICE 

AND MANUFACTURING 

METHOD THEREOF 

) Confirmation No.: 7085 

) Examiner: Jeremy J. Joy 

) Group Art Unit: 2896 

) 

) 

) 

) 

AFTER FINAL AMENDMENT 

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

Dear Sir: 

In response to the Official Action dated December 20, 2013, please consider the 

following amendments and remarks in connection with the above-identified application. 

Amendments to the Claims are reflected in the listing of claims, which begins 

on page 2 of this paper. 

Remarks begin on page 7 of this paper. 
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The listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1.-9. (Canceled) 

10. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein each of a side surface of the source electrode and a side surface of the 

drain electrode has a step in a lower portion thereof, 

wherein a first angle of the step that is made between the side surface of the 

source electrode and an upper surface of the glass substrate is greater than or equal to 

20° and smaller than or equal to 90°, and 

wherein a second angle of the step that is made between the side surface of the 

drain electrode and the upper surface of the glass. substrate is greater than or equal to 
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20° and smaller than or equal to 90°. 

11. (Previously Presented) The semiconductor device according to claim 10, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

12. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

13. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

14. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer further comprises gallium. 

15. (Previously Presented) The semiconductor device according to claim 10, 

wherein the pixel electrode is in contact with the drain electrode. 

16. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

17. (Previously Presented) The semiconductor device according to claim 10, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 
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a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

18. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein a first angle between a surface of the glass substrate and a side surface 

of a first bottom edge of the source electrode is made to be different from an angle 

between the surface of the glass substrate and a side surface of a top edge of the 

source electrode, and 

wherein a second angle between the surface of the glass substrate and a side 

surface of a second bottom edge of the drain electrode is made to be different from an 

angle between the surface of the glass substrate and a side surface of a top edge of the 

drain electrode. 
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19. (Previously Presented) The semiconductor device according to claim 18, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

20. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

21. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

22. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer further comprises gallium. 

23. (Previously Presented) The semiconductor device according to claim 18, 

wherein the pixel electrode is in contact with the drain electrode. 

24. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

25. (Previously Presented) The semiconductor device according to claim 18, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 
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wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

468



- 7 - Application Serial No. 13/763,87 4 
Attorney Docket No. 0756-10065 

REMARKS 

The Official Action mailed December 20, 2013, has been received and its 

contents carefully noted. This response is filed within three months of the mailing date 

of the Official Action and therefore is believed to be timely without extension of time. 

Accordingly, the Applicant respectfully submits that this response is being timely filed. 

The Applicant notes with appreciation the consideration of the Information 

Disclosure Statements filed on February 11, 2013 and April 23, 2013. 

A further Information Disclosure Statement is submitted herewith and 

considera-tion of this Information Disclosure Statement is respectfully requested. 

Claims 2-8 and 10-25 were pending in the present application prior to the above 

amendment. Claims 2-8 have been canceled without prejudice or disclaimer. The 

Applicant notes with appreciation the allowance of claims 10-25. 

Paragraph 1 of the Official Action rejects claims 2-8 as obvious based on the 

combination of U.S. Publication No. 2007/0108446 to Akimoto, U.S. Publication No. 

2005/0056897 to Kawasaki, U.S. Publication No. 2008/0073653 to Iwasaki and U.S. 

Publication No. 2006/0033098 to Shih. As noted above, claims 2-8 have been canceled 

without prejudice or disclaimer; therefore, the rejection is moot. Accordingly, claims 10-

25 are now pending in the present application, of which claims 10 and 18 are 

independent and all of which are allowed. 

Should the Examiner believe that anything further would be desirable to maintain 

this application in condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number listed below. 
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The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16, 

1.17, 1.20(a), 1.20(b), 1.20(c), and 1.20(d) (except the Issue Fee) which may be 

required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280. 

Respectfully submitted, 

Eric J. Robinson 
Reg. No. 38,285 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, Virginia 22033 
(571) 434-6789 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Shunpei YAMAZAKI et al. 

Serial No. 13/763,874 

Filed: February 11, 2013 

For: SEMICONDUCTOR DEVICE 

AND MANUFACTURING 

METHOD THEREOF 

Confirmation No.: 7085 

Examiner: Jeremy J. Joy 

Group Art Unit: 2896 

INFORMATION DISCLOSURE STATEMENT 

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

Dear Sir: 

In accordance with the provisions of 37 C.F.R. § 1.56 and 37 C.F.R. §§ 1.97-
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D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

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

APPLICATION AS AMENDED - PART II 

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

CLAIMS HIGHEST 

03/20/2014 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE ($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i\\ * 16 Minus ** 24 = 0 x $80 = 0 
0 

Independent z * 2 Minus ***3 = 0 x $420 = 0 w (37 CFR 1.16(hll 

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

D 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 
~ D 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 "O" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ZURIASHWORK ZEN EBE/ 
*** 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 information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the 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 US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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

31780 7590 03/31/2014 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

APPLICATION NO. FILING DATE 

13/763,874 02/11/2013 

FIRST NAMED INVENTOR 

Shunpei YAMAZAKI 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

EXAMINER 

JOY, JEREMY J 

ART UNIT PAPER NUMBER 

2896 

DATEMAILED: 03/31/2014 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

0756-10065 7085 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

nonprovisional UNDISCOUNTED $960 $0 $0 $960 06/30/2014 

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. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

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 1 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 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

31780 7590 03/31/2014 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

APPLICATION NO. FILING DATE 

13/763,874 02/11/2013 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Shunpei YAMAZAKI 0756-10065 7085 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

JOY, JEREMY J 2896 

1. 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 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$0 $0 

CLASS-SUBCLASS 

257-057000 

2. For printing on the patent front page, list 

( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$960 

DATEDUE 

06/30/2014 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 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 PT0-2038 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 1.31and1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 
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13/763,874 02/11/2013 

31780 7590 03/31/2014 

Robinson Intellectual Property Law Office, P,C, 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

FIRST NAMED INVENTOR 

Shunpei YAMAZAKI 

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. 

0756-10065 7085 

EXAMINER 

JOY, JEREMY J 

ART UNIT PAPER NUMBER 

2896 

DATE MAILED: 03/31/2014 

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When OMB approves an agency 
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the OMB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary 
depending upon the individual case. Any comments on the amount of time you require to complete this form 
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid OMB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application No. 
13/763,874 

Applicant(s) 
YAMAZAKI ET AL. 

Notice of Allowability Examiner 
JEREMY JOY 

Art Unit 
2896 

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. [gl This communication is responsive to the response after final action mailed on 0312012014. 

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. [gl The allowed claim(s) is/are 10-25. 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 
~1tl;Q://v1rNw.us2to.gov/gatents/init events/Qgh/indexjs.Q or send an inquiry to PPHfeedback@uS(Qto.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 I 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. 0 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 (PT0-892) 

2. [gl Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 03/20/2014 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

/CHEUNG LEE/ 
Primary Examiner, Art Unit 2896 

U.S. Patent and Trademark Office 

5. D Examiner's Amendment/Comment 

6. [gl Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

/JEREMY JOY/ 
Examiner, Art Unit 2896 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140323 
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Application/Control Number: 13/763,874 

Art Unit: 2896 

The present application is being examined under the pre-AIA first to invent 

provisions. 

DETAILED ACTION 

Response to Amendment 

1. Applicant's amendment to the claims filed on 03/20/2014 has been 

acknowledged and entered. Claims 2-8 have been. 

Allowable Subject Matter 

2. Claims 10-25 are allowed over the prior art. 

Reasons for Allowance 

The following is an examiner's statement of reasons for allowance: 

Page 2 

3. Claims 10-25 are allowed because the prior art of record neither anticipate nor 

rendered obvious the limitations of base claims 10 including "wherein each of a side 

surface of the source electrode and a side surface of the drain electrode has a step in 

the lower portion thereof, wherein the first angle of the step that is made between the 

side surface of the source electrode and an upper surface of the glass substrate is 

greater than or equal to 20° and less than 90°, and wherein a second angle of the step 

that is made between the side surface of the drain electrode and the upper surface of 

the glass substrate is greater than or equal to 20° and less than 90°" and the limitations 

of base claim 18 including "wherein the first angle between a surface of the glass 
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substrate and a side surface of a first bottom edge of the source electrode is made to be 

different from an angle between the surface of the glass substrate and a side surface of 

a top edge of the source electrode, and wherein the second angle between a surface of 

the glass substrate and a side surface of a first bottom edge of the drain electrode is 

made to be different from an angle between the surface of the glass substrate and a 

side surface of a top edge of the drain.". In particular, the prior art of record falls short 

with regards to teaching that the source and drain electrodes have a step on the side 

surfaces of them and wherein the step comprises two different angles in relationship to 

the substrate. 

In example: 

(i) Akimoto (U.S. Patent Pub. No. 2007/0108446) teaches a glass substrate; a 

transistor over the glass substrate, the transistor comprising: a gate electrode; a first 

insulating layer over the gate electrode; an oxide semiconductor layer over the first 

insulating layer; and a source electrode and a drain electrode each electrically 

connected to the oxide semiconductor layer; a first buffer layer between the oxide 

semiconductor layer and the source electrode and a second buffer layer between the 

oxide semiconductor layer and the drain electrode; a second insulating layer over the 

transistor; a pixel electrode over the second insulating layer; a third insulating layer over 

the pixel electrode; a light emitting layer over the pixel electrode and the third insulating 

layer; and an electrode over the light emitting layer, wherein each of the first buffer layer 

and the second buffer layer has a lower resistivity than the oxide semiconductor layer, 
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but fails to specifically teach wherein each of the side surface of the source electrode 

and a side surface of the drain electrode has a tapered shape and more specifically 

wherein the side surface of the source and drain electrodes has a step and the specifics 

of said step as mentioned above. 

(ii) Kawasaki et al. (U.S. 2005/0056897) teaches source and drain electrodes 

wherein a first angle formed a first angle between a surface of the substrate and a side 

surface of a first bottom edge of the source electrode and a second angle between the 

surface of the substrate and a side surface of a second bottom edge of the drain 

electrode are each greater than or equal to 20 ° and less than 90 °, but fails to specifically 

teach wherein the side surface of the source and drain electrodes has a step and the 

specifics of said step as mentioned above. 

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." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to JEREMY JOY whose telephone number is (571 )270-

7445. The examiner can normally be reached on Monday - Friday, 8am - 5pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Matthew Such can be reached on (571 )-272-8895. 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. 

/JEREMY JOY/ 
Examiner, Art Unit 2896 
March 23, 2014 

/CHEUNG LEE/ 
Primary Examiner, Art Unit 2896 
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C.!.~~1.9.~~:'.i.:.~B~: ............................................... L ........................ ! 
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~0:/:
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I "7211825" I "7453065" I "7674650" I 
I "20080182358" I "20090073325" I 
I "7453087" I "7501293" I 
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I "20060197092" I "20010090365" I 
~ 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[3/23/2014 7 :59:42 PM] 

554



EAST Search History 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[3/23/2014 7 :59:42 PM] 

555



EAST Search History 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[3/23/2014 7 :59:42 PM] 

556



EAST Search History 

file:///Cl/U sers/jjoy/Documents/e-Red%20Folder/l 37 6387 4/EASTSearchHistory .137 6387 4_Accessible Version.htm[3/23/2014 7 :59:42 PM] 

557



EAST Search History 

8107 268 t ("20030189401" "20050050897" I 
i "20060110867" "20060284172" I 
t "20080128689" "20080258141" I 
t"20080308796" "20080308806" I 
i "20090068773" "7061014" I 
t "20090189155" "20020132454" I 
l"20060231882" "20060244107" I 
t "20060284171" "20010054507" I 
t "20010152217" "20070287296" I 
t "20080224133" "20080258139" I 
t "20090114917" "20090152541" I 
i "20100044711" "20110318916" I 
i "20120132910" "5847410" I 
t "6294274" I "65 3174" I "7323368" I 
t "7402506" I "7411209" I "8030663" I 
; "8115201" I "8158464" I 
; "20060108529" I "20060113565" I 
; "20060169973" I "20060228974" I 
i "20060292777" I "20080050595" I 
t "20080106191" I "20100065844" I 
t "20100111086" I "5731856" I 
t "7385224" I "7462862" I "7732819" I 
; "20030218222" I "20060027804" I 
; "20010024187" I "20070187678" I 
; "20070194379" I "20080006877" I 
; "20080038882" I "20080038929" I 
i "20080083950" I "20080203387" I 
t "20080254569" I "20080258140" I 
t "20090008639" I "20090278122" I 
; "20090280600" I "20100025678" I 
; "7049190" I "20090189156" I 
; "8134156" I "20010046027" I 
; "20020056838" I "20060113539" I 
i "20060208977" I "20060238135" I 
t "20010052025" I "20070172591" I 
t "20080296568" I "20100109002" I 
; "7211825" I "7453065" I 
; "20080182358" I "20090073325" I 
; "6532045" I "7453087" I "7501293" I 
; "7674650" I "8021917" I 
i "20050056897" I "20060035452" I 
t "20060108636" I "20060113549" I 
t "20060197092" I "20010072439" I 
t "20010090365" I "20070158652" I 
; "20070187760" I "20080166834" I 
; "20080308797" I "20090134399" I 
; "20090152506" I "5744864" I 
i "6586346" I "6727522" I "6960812" I 
t "7064346" I "7282782" I "7298084" I 
t "7301211" I "7468304" I 
; "20090186445" "8368079" I 
; "20040038446" "20040121038" I 
; "20050011302" "20050199959" I 
; "20060043377" "20060113536" I 
i "20060110111" "20060292726" I 
t "20010046191" "20010108446" I 
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I I I l~~~,I I 1 · I 
I i i I DERWENT;! ! i ! 

I ............ .! ................ J ........................................................................................ ..1 1 
.. ~-~=I!2.~ .... .! ........................ .! ................. ..l ......................... .! 

l[s112 r43950I((angle1aper step gradation stair) I U&ffiPUB;!DR !LJN I 2013/08/12! 
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1 ............ .: ................ J ........................................................................................ ..1 ~~-~ ........ .: ........................ .: ................. J ......................... .: 
118113 '111923 I (tft (thin adj film adj transistor)) and I U&ffiPUB;!DR !LJN I 2013/08/12! 
I ! I ((bottom adj gate) bottom$1gate) I USPAT; ! ! I 09:01 ! 

I ............ .l """"""""...! """"""""""""""""""""""""""""""""""""""""""""j ~~~--------j """"""""""""j """""""""..! """""""""""""j 
ILJLJl:1~:n::113 ml ~~1~B·1LJLJ ~~1~;os;1:1 
IS115i617 !8111 andS114 !U&PGPUB;iOR !ON !2013/08/12! 
i i i I USPAT· i i i 09·01 i 

I I I l~~~R; I I I . I 
I : I I EPO; JPO; : : i : 
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.. ~-~=I!2.~ .... .! ........................ .! ................. ..l ......................... .! 

!S116 133 1(''20030189401" "20050050897" I US-PGPUB; OR ON !2013/08/12 
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iJ.J.I 0312312014 - 2 - Application Serial No. 13/763,87 4 
Attorney Docket No. 0756-10065 

The listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1.-9. (Canceled) 

10. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein each of a side surface of the source electrode and a side surface of the 

drain electrode has a step in a lower portion thereof, 

wherein a first angle of the step that is made between the side surface of the 

source electrode and an upper surface of the glass substrate is greater than or equal to 

20° and smaller than or equal to 90°, and 

wherein a second angle of the step that is made between the side surface of the 

drain electrode and the upper surface of the glass. substrate is greater than or equal to 
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20° and smaller than or equal to 90°. 

11. (Previously Presented) The semiconductor device according to claim 10, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

12. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

13. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

14. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer further comprises gallium. 

15. (Previously Presented) The semiconductor device according to claim 10, 

wherein the pixel electrode is in contact with the drain electrode. 

16. (Previously Presented) The semiconductor device according to claim 10, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

17. (Previously Presented) The semiconductor device according to claim 10, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 
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a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 

wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 

18. (Previously Presented) A semiconductor device comprising: 

a glass substrate; 

a transistor over the glass substrate, the transistor comprising: 

a gate electrode; 

a first insulating layer over the gate electrode; 

an oxide semiconductor layer over the first insulating layer; and 

a source electrode and a drain electrode each electrically connected to the 

oxide semiconductor layer; 

a second insulating layer over the transistor; 

a pixel electrode over the second insulating layer; 

a third insulating layer over the pixel electrode; 

a light-emitting layer over the pixel electrode and the third insulating layer; 

an electrode over the light-emitting layer, 

wherein the oxide semiconductor layer comprises indium and zinc, 

wherein a first angle between a surface of the glass substrate and a side surface 

of a first bottom edge of the source electrode is made to be different from an angle 

between the surface of the glass substrate and a side surface of a top edge of the 

source electrode, and 

wherein a second angle between the surface of the glass substrate and a side 

surface of a second bottom edge of the drain electrode is made to be different from an 

angle between the surface of the glass substrate and a side surface of a top edge of the 

drain electrode. 
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19. (Previously Presented) The semiconductor device according to claim 18, 

wherein each of the source electrode and the drain electrode is in contact with an upper 

surface of the first insulating layer. 

20. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is over the source electrode and the drain 

electrode. 

21. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is in contact with each of the side surface of the 

source electrode and the side surface of the drain electrode. 

22. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer further comprises gallium. 

23. (Previously Presented) The semiconductor device according to claim 18, 

wherein the pixel electrode is in contact with the drain electrode. 

24. (Previously Presented) The semiconductor device according to claim 18, 

wherein the oxide semiconductor layer is a non-single-crystal film. 

25. (Previously Presented) The semiconductor device according to claim 18, 

further comprising: 

a first buffer layer between the oxide semiconductor layer and the source 

electrode; and 

a second buffer layer between the oxide semiconductor layer and the drain 

electrode, 
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wherein each of the first buffer layer and the second buffer layer has lower 

resistivity than the oxide semiconductor layer. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this f'orm, together with applicable f'ee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner f'or Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS; Tlris form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 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 J, 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 l for any change of address) 

Note; A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. Tlris 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. 

31780 7590 03/31/2014 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 N011h 
Fairfax, VA 22033 

APPLICATION NO. FILING DATE 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Trnnsmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

--·-·1 (Signaiure) 

(Dale) 

FIRST NAMED INVENTOR ATTOR'\/EY DOCKET NO. CONFIRMATION NO. 

13n63,874 02111/2013 Shunpei YAMAZAKI 0756-10065 7085 

TITLE OF INVENTION; SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $960 

EXAMINER ART UNIT 

JOY, JEREMY J 2896 

1. Change of correspondence address or indication of ''Fee Address" (3 7 
CFR 1.363). 

D Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID JSSL'E FEE TOTAL FEE(S) DUE DATE D1JE 

so $0 $960 06/30/2014 

CLASS-SUBCLASS 

257-057000 

2. For printing on the patent front page, list 

(1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. . 

Eric J. Robinson, 
Robinson Intellectual 
Property Law Office, P.C. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NA.\1E OF ASSIGNEE (B) RESIDENCE; (CITY and STATE OR COUNTRY) 

Semiconductor Energy Laboratory Co., Ltd. Atsugi-shi, Kanagawa-ken, Japan 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual ~ Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

~Issue Fee 

0 Publication Fee (No small entity discount permitted) 
0 Advance Order - #of Copies --~3 ______ _ 

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 PT0-2038 is allached. 
~The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

overpayment, to Deposit Account Number 5 0 - 2 2 8 O (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 tbe micro entity amount will not he 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; Tlris form must be signed in accordance with 37 CFR 1.31and1.33. See 37CFR1.4 for signature reguirements and certifications. 

,1.. c -Authorized Signature ______________________ _ 

Eric J. Robinson 
Typed or printed name----------------------

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 

Page 2 of3 

OMB 0651-0033 

June 30, 2014 Date ___________________ _ 

Registration No. _____ 3_8~,2_8_5~. _____ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 13763874 

Filing Date: 11-Feb-2013 

Title of Invention: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

First Named Inventor/Applicant Name: Shunpei YAMAZAKI 

Filer: Eric J. Robinson/Fatima Brown 

Attorney Docket Number: 0756-10065 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl Issue Fee 1501 1 960 960 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Printed Copy of Patent - No Color 8001 3 3 9 

Total in USO($) 969 
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Electronic Acknowledgement Receipt 

EFSID: 19445921 

Application Number: 13763874 

International Application Number: 

Confirmation Number: 7085 

Title of Invention: SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

First Named Inventor/Applicant Name: Shunpei YAMAZAKI 

Customer Number: 31780 

Filer: Eric J. Robinson/Fatima Brown 

Filer Authorized By: Eric J. Robinson 

Attorney Docket Number: 0756-10065 

Receipt Date: 30-JUN-2014 

Filing Date: 11-FEB-2013 

Time Stamp: 10:17:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Electronic Funds Transfer 

Payment was successfully received in RAM $969 

RAM confirmation Number 10062 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size( Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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201452 

1 Issue Fee Payment (PT0-85B) IF.pdf no 1 
2e8455c33637187dbdfe005b40430274d6 

Oa703 

Warnings: 

Information: 

32467 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
c91f7f63a9ac3ffe7bb92d3690b922fc306f1 

84c 

Warnings: 

Information: 

Total Files Size (in bytes) 233919 

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/E0/903 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/R0/1 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. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/763,874 08/12/2014 

31780 7590 07/23/2014 

Robinson Intellectual Property Law Office, P.C. 
3975 Fair Ridge Drive 
Suite 20 North 
Fairfax, VA 22033 

PATENT NO. 

8803146 

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. 

0756-10065 7085 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

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

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

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

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

Shunpei YAMAZAKI, Setagaya, JAPAN; 
Kengo AKIMOTO, Atsugi, JAPAN; 
Daisuke KAW AE, Yamato, JAPAN; 
SEMICONDUCTOR ENERGY LABORATORY CO., LTD., Atsugi-shi, JAPAN 

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