Linder the Paperwork Reduction Act of 1995, no parsons are reguired ta res|

PTO/AIAMS (07-12)

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

U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERGCE

ond o a collection of information unless it displays a valid QMB contral number.

See MPERP chapter 600 concerning utility pelent appiication contents.

(" UTILITY Attormey Docket o, | 0756-10065
PATENT APPLICAT!ON First Inventor Shunpei YAMAZAKI et al,
TRA NS M ITTAL Ti”e SEMICCNDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF
k {Only for new nonprovisional applications under 37 CFR 1.53(b}) Exprass Mail Label No. /
Commissioner for Patent:
APPLICATION ELEMENTS ADDRESS TO: PO Boxast o

Alexandria VA 22313-1450

Fee Transmittal Form.
{PTO/SB/MT or equivelent)

1

ACCOMPANYING APPLICATION PARTS

Applicant claims simail entity status.
See 37 CFR 1.27.

2]

3.[x] specification. [Total Pages 78 |
Both the claims and abstract must start on a new page
(For information on the preferred arrangemen!, see MPEF § 608.01(a))

4.[z"] Drawing(s). (35 U.S.C. 113} [Tolal Sheels 37

5. Inventor's Oath or Declaration.  [Total Sheels ]

{including substitute stataments under 37 CFR 1.64 and assignmenis serving as an
oath or declaralion under 37 CFR 1.63(e)}

a. Newly executed (crlglnal of copy}
b. A copy from a prior application (37 CFR 1.63(d)}

6.[x | Application Data Sheet. *See Note selow.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

7[] cD-ROM or CDR.
. in duplicate, Jarge table or Cemputer Program (Appendsx)

|:| Landscape Table on CD )
8. Nucleotide andior Amino Acid Sequence Submission.
(if appilcable, items a. — ¢. are required)

a. [T] Camputer Readable Form (CRF)
b. Specification Sequence Listing on:

i. L] ©D-ROM or CD-R (2 copies); or
i. [] Paper

c. D Slatements verifying identity of above copies

9. D Assignment Papers.

{cover sheet & document(s))
Name of Assignee

10. @ 37 CFR 3.73(c) Statement.

{when there Is an assignes)

E’ Power of Attorney.

1. |:| English Translatlon Document.
{if applicable)
Information Disclosure Statement,
(PTO/SBIOB or PTO-1449)
Copies of citations attached

13. D Preliminary Amendment.

1 [ ]Return Recelpt Postcard,
4 {MPER $ 503) {Stoufd be specifically itemized)

15. [] Certitied Copy of Priority Documenty(s).
(# forgign priority is claimed)
16. |__‘| Nonpublication Request.

Under 35 U.5.C. 122(b)2)BXi). Applicant must attach formn PTOISBIAIS or
aquivaknt,

17. I:' Other:

12. [

19. CORRESPONDENCE ADDRESS

Ii' The address associated with Custcmer Number: 31 780 OR D GCorrespendence address below
Name Eric J. Robinson, Robinson Intellectual Property Law Office, P.C.
Address 3975 Fair Ridge Drive, Suite 20 North
Country us Telephone | £74 434.6789 Emall T, obinson@riplo.com
Slgnalure Dale | Fepruary 11, 2013
Name . . Registration No.

\ (Print/Type) Eric J. Robinsgn [Attorney/Agent) 38,285

Tris collection of information Is required by 37 CFR 1.53(b). The Informatlon is required to obtain or ratain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is estirnatad 1o take 12 minutes to
complete, including gathering, preparing, and submitting the completed application forrm to the USPTO. Time wilf vary depending upon the individual case. Any
commenits on the amount of fime you require to compiste this form andfor suggsastions for reducing this burden, should be sant to the Chief Infarmation Cfficer,

U.8. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450,

Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TC THIS ADDRESS. SEND TQ: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you nead assistance in completing the form, call 1-800-PTO-8193 and sefect option 2,

SEL 2003
Bluehouse v. SEL
IPR2018-01393



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requiras 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.8. Patent and Trademark
Office is to process andfor 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 andfor examing your submission, which may resulf 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.5.C. 552) and the Privacy Act (5 U.8.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant o 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to ancther federal
agency for purposes of National Security review (35 U.3.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/fher designee, during an inspection of records conducted by GSA as
part of that agency's respensibility to recommend improvements in records management
practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.5.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent. .

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regutation.



PTO/AIA/S6 (08-12)

Approved for yse through 01/31/2013. OMB D651-0031

U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERGCE

Under the Paperwork Reduction Act of 1895 no persons are required to respond 1o a collection of information unless it displays a valid OMB control number.

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

Application No./Patent No.: Fiied/Issue Date; Tebruary 11, 2013
Tited; SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Semiconductor Energy Laboratory Co., Ltd. a carporation

{Name of Assignes) (Type of Assighee, e.q., corporation, partnership, university, government agency, ete.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2, |:] An assignee of less than the entire right, title, and interest (check applicable box);

| | 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.

l:] There are unspecified parcentages of ownership. The ather parties, including inventors, who together own the entire
right, title and interest are:

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

3. ] 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., bankrupitcy, probate), of an undivided interestin 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 ghe of options A or B below):

A 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, 1o the current assignee as follows:

1. From: To:

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

Reel . Frame _ , or for which a copy thereof is atiached.
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 benafit by the public which is %o flle (and by the USPTO to
process} an application, Confidentiallty 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 submitiing the completed application form to the USPTO. Time will vary depending upon the individual case. Any cosrments on the amount
of time you require to complete this form and/or suggestions for reducing thls burden, shouid be sent to the Chief Information Officer, U.S, Patent and Trademark
Office, U.5. Department of Commarce, P.O. Box 1450, Alexandia, YA 22313-1450. DO NOT SEND FEES OR GOMPLETED FORMS TC THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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



PTO/AIAGE {08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; LJ.S, DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persens are mguired o] resEund 1o a collection of infurma_tion unless it disEIazs a valid OMB centrol number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The daecument 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

Resl , Frame , or for which a copy thereof is attached.
5. From: To:

The document was recorded in the United States Patent and Trademark Cffice 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 Cffice at
Reet , Frame , or for which a copy thereof is attached.

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

As required by 37 CFR 3.73(c)(1)(), 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 USPTQ, See MPEP 302.08]

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

s February 11, 2013

Signature Date
Eric J. Robinson Reg. No. 38,285
Printed or Typed Name Title or Registration Number

[Page 2 of 2]



Privacy Act Statement

The Privacy Act of 1874 (P.L. 93-579) requires that you be given certain information in connaction 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 autharity for the collection of this information is 35
LLS.C. 2(bj(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose far 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 informatian, the U.S. Patent and Trademark
QOifice may not be able to process and/or examineg your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided hy 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.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
gvidence {0 a court, magistrate, or administrative tribunal, including disclosures to oppasing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as & routine use, to a Member of Congress
submitting a request involving an individual, to wham the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this systermn of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A racord related to an International Application filed under the Patent Cooperation Treaty in this system ot
records may be disclosed, as a routine use, 1o the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 LU.S.C. 218(¢c)).

A record from this system of recards 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 1o recommend improvements in records management practices and programs, under
authority of 44 U.8.C. 2504 and 2906. Such disclosurs shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive, Such disclosure shall not be used to make determinations about individuals.

A record from this system of recaords may be disclosed, as a routine use, to the public after sither
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, & record may be disclosed, subject fo 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 paient.

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 ar regulation.



PTO/AAB0 (D7-12)

Approved for use through 11/30/2014. OMB 0651-D035

U.5. Fatent and Trademark Oifice; U.§ DEPARTMENT OF COMMERCE

Under the Paperwork Raduction Act of 1925, no persons are required to respond to a collection of Infarmation unless it displays a vakid OMB wontrol mumber.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:
. Practitioners agsociated with Cuslomer Number:
V] 31780
OR
I___I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):
Name Registratian Name Registration
Number Nurnber

As attorney!s) or agent(s) to represent 1he undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications a ssigned only to the undersigned according to the USPTO assignment records or assignments docu menis
attached o this form in accordance with 37 CFR 3.73(c).

Please change the corespondence address for the application identified in the aftached statement under 37 CFR 3.7 3(c) to:

The address associated with Customer Nurmber: 31780
OR

Firm or
Individual Name

Address

City
Country

Telephone Email

Assignee Name and Address: SEMICONDUCTOR ENERGY LABORATORY CO., LTD.
398, HASE, ATSUGLSH)
KANAGAWA-KEN 243-0036
JAPAN

A copy of this form, together with a statement under 37 CFR 3.73{c) {Form PTO/3B/96 or equivalent) is required to be
Filed in each application in which this form 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.

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

Signature J,Z%, (M Date 07/2/ /ZO/Z

Name |Dr. Shunpel Yamédaki // Telephone §1-46-270-1170

Title President

——— — —
This eollection of information is required by 37 CFR 1.3, 1.32 and 1.33. The information is raquired to oblain of relain 4 banefit by the public which is to file fand
by the USPTO fo pracess) an application, Confidentiality is govemead by 35 LL.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
lo compiete, including gathering, preparing, and submitting the completed application form {o tha ISPTO. Time will vary depending upon the individual case. Amy
comments oh the amount of time you require to complets this form and/for suggestions for reducing this burden, should ba senl 1o the Chief Information Officer,
L.5. 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: C¢ issloner for F , B.O, Box 1450, Alexandria, VA 223131460,

¥ you need assistance in completing the form, call 1-860-PTC-8189 and select option 2.



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 te 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) fumishing of the information solicited is veluntary; 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 io a patent application or patent. i you do not fumnish 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:

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

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a count, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a reguest involving an individual, to whom the record peftains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in arder to perferm a contract. Recipients of information shali be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the international Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty. '

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181} and for review pursuant to the Atomic Energy Act
{42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or higfher designee, during an inspection of resords conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (f.e.,, GSA or
Commerce) directive. Such disciosure shall not be used to make determinations about individuals.

A record from this system of records may he 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 o an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation,



PTO/AIA/14 (08-12)

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

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

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

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

Application Number

Title of Invention | SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOQOF

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

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

Secrecy Order 37 CFR 5.2

Porticns or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Shunpei YAMAZAKI
Residence Information (Select One) (O US Residency  (s) Non US Residency () Active US Military Service
City |setagaya Country of Residence JP

Mailing Address of Inventor:

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

Address 2 398, Hase

City Atsugi-shi, Kanagawa-ken | State/Province ‘

Postal Code 243-0036 ‘ Country | ‘ JP

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Kengo AKIMOTO

Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service

City |Atsugi Country of Residence JP

Mailing Address of Inventor:

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

Address 2 398, Hase

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

Remove
Inventor 3

Legal Name

EFS Web 223



PTO/AIA/14 (08-12)

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

U.S. Patent and Trademark Office; U.S. DEPARTMENT CF 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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 0756-10065

Application Number

Title of Invention [ SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOQOF

Prefix| Given Name Middle Name Family Name Suffix

Daisuke KAWAE

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

City

Yamato Country of Residence P

Mailing Address of Inventor:

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

Address 2 398, Hase

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

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

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).

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

Customer Number 31780

Email Address erobinson@riplo.com | | AddEmail |  [Remove Email

Application Information:

Title of the Invention SEMICONDUCTCOR DEVICE AND MANUFACTURING METHOD THEREOF
Attorney Docket Number| 0756-10065 ‘ Small Entity Status Claimed [ |
Application Type Nonprovisional

Subject Matter Utility

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

Suggested Technology Center (if any)

Total Number of Drawing Sheets {if any) 37 Suggested Figure for Publication (if any)

Publication Information:

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

L]

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

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 223




PTO/AIA/14 (08-12)

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

U.S. Patent and Trademark Office; U.S. DEPARTMENT CF 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 THEREOQOF

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

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

Please Select One: (e} Customer Number | (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)
Customer Number 31780

Domestic Benefit/National Stage Information:

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

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
Continuation of 12613769 2008-11-06
Prior Application Status | Abandoned
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
12613769 Continuation of 12606262 2009-10-27
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

[ Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Priority Claimed
2008-287187 JP 2008-11-07 (® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Authorization to Permit Access:

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

EFS Web 223
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PTO/AIA/14 (08-12)

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

U.S. Patent and Trademark Office; U.S. DEPARTMENT CF 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 THEREOQOF

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

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

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

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

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

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

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

Applicant Information:

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

Applicant 1

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

identified in this section.

(& Assignee (O Legal Representative under 35U.S.C. 117

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

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

Name of the Deceased or Legally Incapacitated Inventor :

If the Assignee is an Organization check here.

Organization Name Semiconductor Energy Laboratory Co., Ltd.

Mailing Address Information:

Address 1 398, Hase
Address 2
City Atsugi-shi, Kanagawa-ken State/Province
Country i| JP Postal Code 243-0036
Phone Number Fax Number
EFS Web 223
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PTO/AIA/14 (08-12)
Appreved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT CF 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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

0756-10065

Application Number

Title of Invention

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add
Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications
Signature |/Eric J. Robinson/ Date (YYYY-MM-DD)| 2013-02-11
First Name | Eric J. Last Name | Robinson Registration Number | 38285
Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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.5.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 Cffice may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

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

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence toc a court, magistrate, or
administrative fribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.S.C. 122(b) orissuance of a patent pursuant to 35 U.5.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 abandened or in which the proceedings were
terminated and which application is referenced by either a published applicaticn, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTQC becomes aware of a violation or potential violation of law or regulation.

EFS Web 223
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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.

Based on Serial No. 12/613,769

Filed: November 6, 2009

For: SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD
THEREOF

Group Art Unit: 2896

Examiner: Jeremy J. Joy

= I o S

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 PTO-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 listed on the attached Form PTO-1449 were cited in parent
Application Serial No. 12/613,769 and/or predecessor Application Serial No. 12/606,262

14



-2- Attorney Docket No. 0756-10065

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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PTO/SB/0RA (08-00)

Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(tise as many sheets as necessary)

Complete if Known
Appli Number Based on 12/613,769
Filing Date November 6, 2009

First Named Inventor

Shunpei YAMAZAKI et al.

Group Art Unit

2896

Examiner Name Jeremy J. Joy
Sheet | of | 14 Attorney Doclket Number 0756-10065
1J.S. PATENT DOCUMENTS

Examiner cite USS. Patent Document ‘ ‘ Date of PDuhljcan‘nn of Cited ]ﬁagies, Cn}ljumm. Line; Wthere
Tnitials” No.! Number Ki};‘ﬁﬁj’i} Newne Ofpammgscfnﬁfhcm of Cired Nm.(]‘:‘.:]u}!]:;gw ‘ wmlgg:sr::g::;axe e

7,323,368 Takayama et al. 01/29/2008

200710272922 Kim et al. 11/29/2007

2007/0158652 Lee et al. 07122007

2008/0128689 Lee et al. 06/05/2008

7,298,084 Baude et al. 11/20/2007

6,532 045 Chung et al. 03/11/2003

2007/0108446 Akimoto 05/17/2007

2007/0072439 Akimoto et al. 03/29/2007

5,847 410 Nakajima 12/08/1998

6,586,346 Yamazaki et al. 07/01/2003

2003/0189401 Kido et al. 10/09/2003

6,960,812 Yamazaki et al. 11/01/2005

6,727,522 Kawasaki et al. 04/27/2004

7,061,014 Hosono et al. 06/13/2006

2008/0296568 Ryu et al. 12/04/2008

2008/0308806 Akimoto et al. 12/18/2008

2008/0308805 Akimoto et al. 12/18/2008

2008/0308804 Akimoto et al. 12/18/2008

2008/0308797 Akimoto et al. 12/18/2008

2008/0308796 Akimoto et al. 12/18/2008

FOREILIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns,

Examiner Cite _ Date of Publication of Cited Lines, Where
Initials” Mot Kind Code Name ofl’_atentee o Document Relevant Passages or

Office’ Number* fifkmown} | Applicavt of Cited Docimnent MM-DD-YYYY Rele\j:.néf;fnres i

JP 2007-123861 05/17/2007 Abst.

JP 2007-096055 04/12/2007 Full
Examiner Date
Signature Considered

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

! Unique citation designation number. * See attached Kinds of .S, Patent Documents. ° Enter Office that issued the document, by the two-letter
code (WIPQ Standard §T.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial
number of the patent document. * Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if
possible. ® Applicant is to place a check mark here if English language Translation is attached.

! Unique citation designation number. * Applicant is to place a check mark here if English language Translation is attached.

Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case.
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, P.0). Box 1450, Alexandria, VA 22313-1450.
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PTO/SB/0RA (0R-00)
Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control number.

Please type a plus sign {+) inside this box — [+]

Substitute for form 1449A/PTO Complete if Known
INFORMATION DISCLOSURE | Application Noumber Based on 12/613.789
Filing Date ;
STATEMENT BY APPLICANT First Named Inventor Shunpei YAMAZAKI et al.
(tise as many sheets as necessary) Group Art Unit 2806
Examiner Name Jeremy J. Joy
Sheet | 2 | of | 14 Attorney Doclket Number 0756—1 0065
U.S. PATENT DOCUMENTS
Examiner cite USS. Patent Document Date of Publication of Cited Pages, Columns, Lines, Where
Tnitials” No.! Number Kind Code? Name Ofpammgscfnﬁthcml of Cired WJD-(]‘)C];!-]:;gYY Relevané:;sr:;lg‘::;\;alielevam
{if known)
2009/0008639 Akimoto et al. 01/08/2009
2007/0172591 Seo et al. 07/26/2007
2007/0187760 Furuta et al. 08/16/2007
2008/0203387 Kang et al. 08/28/2008
2009/0065771 wasaki et al. 03/12/2009
7,301,211 Yamazaki et al. 11/27/2007
2006/0244107 Sugihara et al. 11/02/2006
5,744,864 Cillessen et al. 04/28/1998
2010/00256738 Yamazaki et al. 02/04/2010
7,674,650 Akimoto et al. 03/09/2010
6,563,174 Kawasaki et al. 05/13/2003
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns,
Examier Cite Kind Code® Name of Patentee or puet Prl)aglc]ucj:ﬂ e Re]l:i::f, P?::q]:gis or
Initials MNo! Office® Number® (ifkmowny | Applicant of Crted Document MM-DD-YYYY Relevant Figures ™
Appear
JP 03-231472 A 10/15/1991 Abst.
JP_ | 2000-150900 A 05/30/2000 Abst.
JP 2004-103957 A 04/02/2004 Abst.
JP 11-506377 05/18/1999 Abst.
JP 08-264794 A 10/11/1996 Full
JP 2007-250983 A 09/27/2007 Abst.
WO | 2007/119386 10/25/2007 Eng.
JP 05-251705 A 09/28/1993 Full
WO | 2004/114391 12/29/2004 Abst.
JP | 2003-086000 A 03/20/2003 Full
JP 2003-086808 A 03/20/2003 Abst.
OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS
Estamni Cit Include name of the authot (in CAPITAL LETTERS), title of the atiicle (when apptoptiate), title of the
carminer 5 e. itern (book, magazine, journal, serial, symposium. catalog, etc.)., date, page(s), volume-issue mumbet(s), T
nitials Ne. publisher, city and/or country where published.
Dembo et al, "RFCPUS on Glass and Plastic Substrates Fabricated by TFT | Eng.
Transfer Technology,” IEDM 05: TECHNICAL DIGEST OF INTERNATIONAL
ELECTRON DEVICES MEETING, December 5, 2005, pp. 1067-1069.
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609, Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication o applicant.
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PTO/SB/0RA (0R-00)
Approved for use through 10/31/2002. OMB 0651-0031

U.S. Patent and Trademark Office: U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO Complete if Known

INFORMATION DISCLOSURE Application Number Based on 12/613,769

STATEMENT BY APPLICANT

Filing Date November 6, 2009

First Named Inventor Shunpei YAMAZAK]I et al.

(tise as many sheets as necessary) 2806

Group Art Unit

Examiner Name Jeremy J. Joy

Sheet

[ 3

| of | 14 Attorney Docket Number 0756-10065

OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS

Examiner
Initials”

Cite

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
item (book, magazine, journal, serial, symposium, catalog, etc.)., date. page(s), volume-isgue mumber(s),
publisher. city and/or couniry where published.

lkeda et al., “Full-Functional System Liquid Crystal Display Using CG-Silicon
Technology,” SID DIGEST '04: SID INTERNATIONAL SYMPOSIUM DIGEST OF
TECHNICAL PAPERS, 2004, Vol. 35, pp. 860-863.

Eng.

Nomura et al., “Room-Temperature Fabricaticn of Transparent Flexible Thin-Film
Transistors Using Amarphous Oxide Semiconductors,” NATURE, November 25,
2004, Vol. 432, pp. 488-492.

Eng.

Takahashi et al., “Theoretical Analysis of IGZ0O Transparent Amorphous Oxide
Semiconductor,” IDW '08: PROCEEDINGS OF THE 15" INTERNATIONAL
DISPLAY WORKSHOPS, December 3, 2008, pp. 1637-1640.

Eng.

Prins et al., “A Ferroelectric Transparent Thin-Film Transistor,” APPL. PHYS.
LETT. (APPLIED PHYSICS LETTERS), June 17, 1996, Vol. 68, No. 25, pp. 3650-
3652,

Eng.

Nakamura et al, “The Phase Relations In the In,04-Ga,Zn04-ZnQ System at
1350°C,” JOURNAL OF SOLID STATE CHEMISTRY, August 1, 1991, Vol. 93,
No. 2, pp. 298-315.

Eng.

Kimizuka et al., “Syntheses and Single-Crystal Data of Homologous Compounds,
IN,O3(ZNn0),,, (m1 = 3, 4, and 5), InGaO4(Zn0);, and Ga;Ox(Zn0), (Mm=7, 8, 9, and
16) in the In,0s-ZnGa,0,-ZNO System,” JOURNAL OF SOLID STATE
CHEMISTRY, April 1, 1995, Vol. 116, No. 1, pp. 170-178.

Eng.

Nomura et al., “Thin-Film Transistor Fabricated in Single-Crystalline Transparent
Oxide Semiconductor,” SCIENCE, May 23, 2003, Vol. 300, No. 5623, pp. 1269-
1272,

Eng.

Osada et al., “15.2: Development of Driver-Integrated Panel using Amorphous In-
Ga-Zn-Oxide TFT,” SID DIGEST '09: SID INTERNATIONAL SYMPOSIUM
DIGEST OF TECHNICAL PAPERS, May 31, 2009, pp. 184-187.

Eng.

Li et al, “Modulated Structures of Homologous Compounds InMOy{ZnO),,
(M=In,Ga; m=Integer) Described by Four-Dimensional Superspace Group,”
JOURNAL OF SOLID STATE CHEMISTRY, 1998, Vol. 139, pp. 347-355.

Eng.

Examiner
Signature

Date
Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in

conformance and not considered. Include copy of this form with next communication to applicant.
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Approved for use through 10/31/2002. OMB 0651-0031
U.8. Patent and Trademark Office: U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/PTO Complete if Known

INFORMATION DISCLOSURE Application Number Based on 12/613,769

Filing Date November 6, 2009
STATEMENT BY APPLICANT First Named Inventor Shunpei YAMAZAK]I et al.

1se as many sheets as HECessary,
( ¥ w Group Art Unit 2896

Examiner Name Jeremy J. Joy

Sheet | 4 | of | 14 Attorney Doclket Number 0756—1 0065

OTHER PRIOR ART — NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
item (book, magazine, journal, serial, symposium, catalog, etc.)., date. page(s), volume-isgue mumber(s), T
publisher. city and/or couniry where published.

Examiner Cite
Initials” No.!

Lee et al, “World's Largest {15-inch) XGA AMLCD Panel Using |IGZO Oxide | Eng.
TFT,” SID DIGEST '08: SID INTERNATIONAL SYMPOSIUM DIGEST OF
TECHNICAL PAPERS, May 20, 2008, Vol. 39, pp. 625-628.

Nowatari et al., “60.2: Intermediate Connector with Suppressed Voltage Loss for | Eng.
White Tandem OLEDs,” SID DIGEST '09: SID INTERNATIONAL SYMPOSIUM
DIGEST OF TECHNICAL PAPERS, May 31, 2009, Vol. 40, pp. 899-902.

Kanno et al., “White Stacked Electrophosphorecent Organic Light-Emitting | Eng.
Devices Employing MoQ; as a Charge-Generation Layer,” ADV. MATER.
{(ADVANCED MATERIALS), 2006, Vol. 18, No. 3, pp. 339-342.

Tsuda et al., “Ultra Low Power Consumption Technologies for Mobile TFT-LCDs,” | Eng.
IDW '02: PROCEEDINGS OF THE 9" INTERNATIONAL DISPLAY
WORKSHOPS, December 4, 2002, pp. 295-298.

Jeong et al., “3.1: Distinguished Paper: 12.1-Inch WXGA AMOLED Display Driven | Eng.
by Indium-Gallium-Zinc Oxide TFTs Armray,” SID DIGEST '08: SID
INTERNATIONAL SYMPOSIUM DIGEST OF TECHNICAL PAPERS, May 20,
2008, Vol. 39, No. 1, pp. 1-4.

Kurokawa et al., “UHF RFCPUs on Flexible and Glass Substrates for Secure | Eng.
RFID Systems,” JOURNAL OF SOLID-STATE CIRCUITS, 2008, Vol. 43, No. 1,
pp. 292-299.

Ohara et al., “Amorphous In-Ga-Zn-Oxide TFTs with Suppressed Variation for 4.0 | Eng.
inch QVGA AMOLED Display,” AM-FPD '09 DIGEST OF TECHNICAL PAPERS,
July 1, 2009, pp. 227-230, THE JAPAN SOCIETY OF APPLIED PHYSICS.

Coates et al., “OPTICAL STUDIES OF THE AMORPHQOUS LIQUID- | Eng.
CHOLESTERIC LIQUID CRYSTAL TRANSITICN: THE “BLUE PHASE"”
PHYSICS LETTERS, September 10, 1973, Vol. 45A, No. 2, pp. 115-1186.

Cho et al,, “21.2: Al and Sn-doped Zinc Indium Oxide Thin Film Transistors For | Eng.
AMOLED Back-Plane,” SID DIGEST '09: SID INTERNATIONAL SYMPOSIUM
DIGEST OF TECHNICAL PAPERS, May 31, 2009, pp. 280-283.

Examiner Date
Signature Considercd

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.
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Filing Date November 6, 2009
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Examiner Cite
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Lee et al., “15.4: Excellent Performance of Indium-Oxide-Based Thin-Film | Eng.
Transistors by DC Sputtering,” SID DIGEST '09: SID INTERNATIONAL
SYMPOSIUM DIGEST OF TECHNICAL PAPERS, May 31, 2009, pp. 191-193.

Jin et al., "65.2: Distinguished Paper: World-Largest (6.5") Flexible Full Coler Top | Eng.
Emission AMOLED Display on Plastic Film and Its Bending Properties,” SID
DIGEST '09: SID INTERNATIONAL SYMPOSIUM DIGEST OF TECHNICAL
PAPERS, May 31, 2009, pp. 983-985.

Sakata et al., “Development of 4.0-In. AMOLED Display with Driver Circuit Usin% Eng.
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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION
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
[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
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 s 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
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
zine oxide or an In-Ga-Zn-O-based oxide semiconductor for forming an oxide
semiconductor film and such a transistor is used as a switching clement or the like of an
image display device.

[0004]
Patent Document 1: Japanese Published Patent Application No. 2007-123861
Patent Document 2: Japanese Published Patent Application No, 2007-096053

SUMMARY OF THE INVENTION

[0005]

It is 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
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
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
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
substrate and the side surface of the drain elecirode are each greater than or equal to 20°
and less than 90°.

[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.

[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
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
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
(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]

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.

[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
semmiconductor 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
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
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
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
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
electric-field relaxation regions.

[0017]

With an oxide semiconductor used in this specification, a thin film of a material
described as InMO3(ZnO)y, (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
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 ¢ither Ga and Ni or Ga and Fe, in some cases, Moreover, in the
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oxide semiconductior, 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-O-based non-single-crystal film.

[0018]

An amorphous structure is observed by X-ray diffraction (XRD), as the crystal
structure of the In-Ga-Zn-O-based non-single-crystal film, Note that heat treatment is
performed on the In-Ga-Zn-O 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
sputtering method.

[0019]

The angle 91 of the side surface of the source electrode which is in contact with
the oxide semiconductor layer and the angle 62 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 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
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 1s vertical to the substrate surface,
the thickness of a part of the oxide semiconductor layer, which is formed on the 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 61 of the side surface
of the source electrode which is in contact with the oxide semiconductor layer and the
angle 02 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

over the side surface of each electrode and electric-tield 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
electrode as shown in FIG. 1, it can be said that the source electrode has a tapered shape,
and the angle 01 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
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 02 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
surface of the electrode has only one angle, the side surface of the electrode may have a
step as long as the angle 61 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°,

[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
to overlap with the gate electrede 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°,

[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
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
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
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
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 pm,

[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 scurce and drain
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
cach clectrode.

[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
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,
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.
[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
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
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.
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
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
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 melybdenum layer as an upper layer are
stacked, a stacked layer in which an aluminum layer as a bottom layer and a
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
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.

[0034]

Performing the series 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
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.

[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
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
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 clectric-ficld relaxation region is provided, so that electric-field

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.

10
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BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

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

FIG. 2 is 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
for manufacturing a semiconductor device.

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. 9A1 and 9B1 are views showing one example of a cross-sectional view
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
device.

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.

11
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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
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
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.

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

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
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

12

41



10

15

20

25

30

is a top view thereof,

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

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]
[0044]

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
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 buftfer layer 104a and the second bufter layer 104b.
[0046]

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

13
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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
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.

[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
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 10:5b, 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
an etching residue of the metal material,

[0049]

The source electrode layer 105a and the drain electrode layer 103b 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 clectrode layer 105b, 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.

[0050]

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

shown in FIG. 1, angle 01 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 01 and the angle 02 are substantially the same as
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 62 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
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 91 and 62 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
invention is not limited thereto, and the angles 91 and 92 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]

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 (In;03:Ga»04:Zn0 = 1:1:1), under
a condition in which the distance between the substrate and the target is 170 mm, the
pressure is 0.4 Pa, and the direct-current (DC) power source is (.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
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
semiconductor layer 103.

[0054]

The first buffer layer 104a and the second buffer 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,

[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 Iny0;:Gay05: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 sccm. Despite the
use of the target in which In;0;Ga;05;:Zn0 = 1:1:1, an In-Ga-Zn-O-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
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 o), the temperature (room temperature to
100 °C), the reactive sputtering deposition conditions, and/or the like. The second
In-Ga-Zn-O-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
the thickness of the film. In this embodiment, the thickness of the second
In-Ga-Zn-O-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
forms the n" 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
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
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
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 02 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 the bottom edge of the
clectrode in the side surface of cach electrode is increased, thereby increasing length L1
of the first electric-field relaxation region 106a and length L2 of the second
electric-field relaxation region 106b to relax the electric-ficld concentration. 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 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
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 01 of the side surface
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of the source electrode which is in contact with the oxide semiconductor layer and the
angle 62 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
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]

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
surface of a source c¢lectrode layer (or a drain clectrode layer) has a step will be
described using FIG. 2, The side surface of the electrode may have a step as long as
angle 61 of the side surface of the bottom edge of the source electrede layer and angle
02 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
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,
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.

[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
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), melybdenum (Mo), chromium {Cr), neodymium (Nd), and scandium (Sc),
or an alloy including the element as a component) is used.

[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
apparatus using a coiled antenna,

[0064]

In this embodiment, etching is performed by generating plasma under the
following condition: the gas flow rate of CF4 is 25 scem, the gas flow rate of Cls is 25
sccm, the gas flow rate of O2 is 10 sccm, and an RF (13.56 MHz) power of 500 W is
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.

[0065]

By the above etching condition, with respect to the cross-sectional shape of the
source clectrode layer 405a, the angle 01 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
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 ag each other because
the same etching step is performed thereon.

[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
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
.

[0067]

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

[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 1.3 of a first electric-field relaxation
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
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 61 of
the side surface of the bottom edge of the source electrode layer and the angle 02 of the
side surface of the bottormn edge of the drain electrode layer each are greater than or
equal to 207 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 clectrode layer.

[0071]

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. 9A1 and
9A2 and 9B1 and 9B2,

[0073]

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

[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
from titanium (T1), 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
corroded, the following is used to form them: an element selected from titanium (T1i),
tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr), and neodyminm (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]

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
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]

Next, a conductive film is formed using 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
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 in¢luding
silicon.

[0079]
Next, a first oxide semiconductor film (a first In-Ga-Zn-O-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 is formed as follows: film
deposition is performed by a sputtering method using a target in which
Inz03:Ga;03:Zn0O = 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 sccm. Despite the use of the target in which Inx03:Ga;03:Zn0O = 1:1:1, an
In-Ga-Zn-O-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 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 o), the temperature (room
temperature to 100 °C), the reactive sputtering deposition conditions, and/or the like.
The first In-Ga-Zn-O-based non-single-crystal film has a thickness of 5 to 20 nm,
Needless to say, when the film includes orystal grains, the size of the crystal grains does
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-O-based non-single-crystal film is etched. In this embodiment, wet
etching using ITOO7N (manufactured by Kante Chemical Co., Inc.) is performed to
remove an unnecessary portion in a pixel portion, so that first In-Ga-Zn-O-based
non-single-crystal films 111a and 111b are formed. The etching here is not limited to
wet etching and may be dry etching.

[0081]

Next, with use of the same resist mask as used for the etching of the first
In-Ga-Zn-O-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 SiCly, Cl,, and BCl; is performed to etch the conductive film in
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,

23

52



10

15

20

25

30

[0082]

By this etching, angle 91 of the side surface of the source electrode layer 105a
and angle 62 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
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,

[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
electrode layer 105a), In the terminal portion, a first In-Ga-Zn-O-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
same material as the matenial of the source electrode layer 105a and the drain electrode
layer 105b remains. In addition, in the capacitor portion, a first In-Ga-Zn-0O-based
non-single-crystal film 111c remains over the capacitor electrode layer 124 to overlap
with capacitor electrode layer 124,

[0085]

Next, the resist mask is removed, and then, a second oxide semiconductor film
(a second In-Ga-Zn-O-based non-single-crystal film in this embodiment) formed
without exposure to the air Formation of the second In-Ga-Zn-O-based
non-single-crystal film without exposure to the air after the plasma treatment is etfective
in preventing dust and the like from attaching to the interface between the gate
insulating layer and the semiconductor film. In this embodiment, the second

In-Ga-Zn-O-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 (Iny043:Ga,05: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
source with which dust can be reduced and thickness distribution can be evened. The
second In-Ga-Zn-O-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-O-based
non-single-crystal film is 100 nm.

[0086]

The film deposition condition of the second In-Ga-Zn-O-based
non-single-crystal film is different from that of the first In-Ga-Zn-O-based
non-single-crystal  film, thereby forming the second In-Ga-Zn-O-based
non-single-crystal film to have a higher electrical resistance than the first
In-Ga-Zn-O-based non-single-crystal  film. For example, the second
In-Ga-Zn-O-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-O-based non-single-crystal film. Specifically, the first In-Ga-Zn-O-based
non-single-crystal film is formed in a rare gas (e.g., argon or helium) atmosphere {or an
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-O-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]

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-O-based non-single-crystal film. Because
strain energy which inhibits carrier movement is released by the heat treatment, the heat
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-O-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
an unnecessary portion is removed by etching, so that a semiconductor layer 103 is
formed. In this embodiment, wet etching using ITOO7N (manufactured by Kanto
Chemical Co., Inc.) is performed to remove the second In-Ga-Zn-O-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
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.

[0090]

The same etchant is used for the first In-Ga-Zn-O-based non-single-crystal film
and the second In-Ga-Zn-O-based non-single-crystal film, and thercfore, the first
In-Ga-Zn-O-based non-single-crystal film is removed by this etching. Therefore, a
side surface of the first In-Ga-Zn-O-based non-single-crystal film, which is covered
with the second In-Ga-Zn-O-based non-single-crystal film is protected whereas parts of
the first In-Ga-Zn-O-based non-single-crystal films 111a and 111b, 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
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
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
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 vsing
the same resist mask, A cross-sectional view at this stage is FIG, 4B,

[0093]

Then, the resist mask is removed, and a transparent conductive film is formed.
The transparent conductive film is formed using indium oxide (In;Os), an alloy of
indium oxide and tin oxide {In03-Sn0», abbreviated as ITOY), or the like by a sputtering
method, a vacuum evaperation method, or the like. Etching treatment of such a
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 zin¢ oxide {In;0;-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
an unne¢cessary portion is removed by etching to form a pixel electrode 110.

[0095]

In the fifth photolithography step, a storage capacitor is 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
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
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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wiring,
[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. BA.
[0098]

FIGS. 9A1 and 9A2 are a cross-sectional view and a top view of a gate wiring
terminal portion at this stage, respectively. FIG 9A1 is a cross-sectional view along
line C1-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
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
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,
9A1.

[0099]

FIGS. 9Bl and 9B2 are a cross-sectional view and a top view of a source
wiring terminal portion which is different from the source wiring terminal portion
shown in FIG 4C, respectively. FIG 9Bl is a cross-sectional view along line D1-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
terminal. In a terminal portion in FIG. 9B, 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
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 commected 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
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.
[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 cne of the
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
convenience,

[0102]

When an active matrix liquid crystal display device is manufactured, an active
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
provided so that the common electrode is fixed to a predetermined potential such as
GND or 0 V.

[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,
FIG 10 illustrates the example in which a capacitor wiring is not provided and a pixel
clectrode 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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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 F1G 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 electrede, a liquid crystal layer provided between the pixel electrode
and the counter ¢lectrode is optically modulated, and this optical modulation is
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
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
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
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
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.

[0109]

The n-channel transistor obtained in FEmbodiment 3 includes an
In-Ga-Zn-O-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 the n-channel transistor of this embodiment.

[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
0 V. Inaddition, 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
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,
(a, 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
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
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.
[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
portion described in Embodiment 3 and is a thin film transistor including an
In-Ga-Zn-O-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
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
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 electrede layer so as to
control the directions of the spherical particles.

[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 585, whereby the thin film transistor 581 is
clectrically connected to the first electrode layer 587.  Between the first clectrode layer
587 and a second electrode layer 588, spherical particles 589 each having a black region
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
395 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 pm to 200 pm, in which a
transparent liquid and positively charged white microparticles and negatively charged
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
clectrophoretic 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 vnnecessary, 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
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.

[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.

[Embodiment 3]
[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.
[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]

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 3301
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
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 S1 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
of scan lines G1 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 $o as to correspond to the signal lines S1 to Sm and the scan lines Gl
to Gn. Each pixel is connected to a signal line Sj (one of the signal lines S1 to Sm)
and a scan line Gj (one of the scan lines G1 to Gn).

[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]

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 5603¢,

[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 1 to 5602_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 3602 1 to 5602 M, respectively. Each of the wirings 5621 1 to 3621 M is
connected to three signal lines via the first thin film transistor 56034, the second thin
film transistor 5603b, and the third thin film transistor 5603¢c. 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+1 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.

[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
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]

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 T1, a
second sub-selection period T2, and a third sub-selection period T3. The signal line
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 §j, and the signal
ling 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 5703¢ of on/off of the
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 T1, the second sub-selection period T2, and the
third sub-selection period T3, different video signals are input to the wirings 5621 1 to
5621 M. For example, a video signal input to the wiring 5621 J in the first
sub-selection period T1 is input to the signal line Sj—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 3621 J in the third sub-selection period T3 is input to the
signal line S$j+1. The video signals input to the wiring 5621 J in the first sub-selection
period T1, 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 T1, the first thin film
transistor 5603a is turned on, and the second thin film transistor 5603b and the third thin
film transistor 5603¢ 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 5603¢ are turned off. At
this time, Data_j input to the wiring 5621 ] is input to the signal line §j via the second
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 tumed off. At this time, Data j+1 input to the wiring 5621 J
is input to the signal ling Sj+1 via the third thin film transistor 5603c,

[0134]
As described above, in the signal line driver circuit in FIG. 13, by dividing cne

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
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
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
ong wiring in e¢ach of threg 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.

[0137]

As another example, one gate selection period may be divided into a precharge
period Tp, the first sub-selection period T1, 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,
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 5803¢ of on/off of the third thin film
transistor 5603¢, 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 5603¢ are tuned on in the precharge period Tp.
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+1 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 T1, the first thin film transistor 5603a is turned
on, and the second thin film transistor 5603b and the third thin film transistor 5603¢ 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 peried 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
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
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 fimctions is omitted.

[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
generated. The generated selection signal is buffered and amplified by the bufter, 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.

[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
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
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+1; 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.

[0143]

Further, a fourth wiring 5504 shown in FIG, 17 is commected 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.

[0144]

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.

[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 fransistor 5571, a second thin film
transister 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
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 5573, 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)
exceeds the threshold voltage (Vi).

[0147]

Next, the connection structure of the flip-flop illustrated in FIG 16 is described
below.
[0148]

A first electrode (one of a source electrode and a drain electrode) of the first
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 3503,

[0149]

A first electrode of the second thin film transistor 5572 is connected to the sixth
wiring 5506, and a second clectrode 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
gate electrede 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,

[0151]

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 5574 is connected to a
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
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
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 3577 is connected to the
sixth wiring 5506; a second electrode of the seventh thin film transistor 5577 is
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
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
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 clectrode of the eighth thin film transistor 5578
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.

[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
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.

[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
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
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 illusirating an example of an
active-matrix light-emitting display device.

[0160]

The light-emitting display device illustrated in FIG 12B includes, over a
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
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
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
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 pericds, the total length of time, in which
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
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
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
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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 eircuits.

[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,

[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
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
device, a light-emitting element wutilizing 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 ¢lement,
the latter as an inorganic EL element.

[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,
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 digpersive inorganic EL element and a
thin-film inorganic EL element. A dispersive inorganic EL element includes a
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 diclectric layers are sandwiched between electrodes.  Light emission
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
grayscale driving can be applied, as an example of a semiconductor device.
[0171]

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
{(an In-Ga-Zn-O-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
drain electrode)} of the switching transistor 6401 is connected to a signal line 6403, and
a second electrode (the other of the source electrode and the drain electrode) of the
switching transister 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 ¢lectrode of the driving transistor 6402 is connected to the power
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
the high power supply potential set to the power supply line 6407 as a reference. As
the low power supply potential, GND, ( 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
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
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.

[0175]

In the case of voltage-input voltage-driving method, a video signal is input to
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
voltage of the power supply line voltage and Vi, 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
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 Vy, 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
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
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.

[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
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-O-based non-single-crystal film as a
semiconductor layer.

[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
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.
[0181]

A light-emitting clement having a top emission structure is described with
reference to FIG. 19A.
[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 1B and light emission from a
light-emitting element 7002 passes to an anode 7005 side. In FIG. 19A, a cathede
7003 of the light-emitting element 7002 is clectrically connected to the driving TFT
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
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
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]

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 gjected to the anode 7005 side as indicated by an arrow.

[0184]

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, 1A and light

48

77



10

15

20

25

30

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
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
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
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
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
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 varicty of conductive materials as long as they have
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. Ina

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 cotresponds 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,

[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
controlling the drive of a light-emitting clement (the driving TFT} is electrically
connected to the light-emitting element. However, a current control TFT may be
comected between the driving TFT and the light-emitting element,

[0190]

A semiconductor device described in this embodiment is not limited to the
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
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-1 of FIG, 22A.

[0192]

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 linge driver circuits 4504a and 4504b
are sealed together with a filler 4507, by the first substrate 4501, the sealant 4505, and
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.

[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.

[0194]

As the thin film transistors 4509 and 4510, the highly reliable thin film
trangistors  described in Embodiment 1, each including an In-Ga-Zn-O-based
non-single-crystal film as a semiconductor layer can be used.

[0195]

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
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]

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 opening is formed as an inclined surface with continuous
curvature.
[0197]

The electroluminescent layer 4512 may be formed as a single layer or a
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 clement 4511, As the protective film, a silicon
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.

[0200]

In Embodiment 6, a connection terminal electrode 4515 is formed from the
same conductive film as the first electrode layer 4317 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.
[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
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
used, in addition to an inert gas such as nitrogen or argon. For example, PVC
{polyvinyl chleride), acrylic, polyimide, an epoxy resin, a silicone resin, 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
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.

[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
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.
[0207]

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. 20A1, 20A2, and 20B. FIGS. 20A1 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
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-O-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. 20A1 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
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 40035,
and the second substrate 4006. A signal line driver circuit 4003 that is formed using a
single crystal semiconductor film or a polycrystalling semiconducter film over a
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
method, or the like can be used. FI1G 20A1 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
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.

[0212]

As each of the thin film transistors 4010 and 4011, the thin film transistor
including an In-Ga-Zn-O-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 401G. A counter electrode layer 4031

of the liquid crystal element 4013 is formed over the second substrate 4006. A portion
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where the pixel electrode layer 4030, the counter electrode layer 4031, and the liquid
crystal layer 4008 overlap with one another correspends 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
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 thersbetween,

[0214]

The first substrate 4001 and the second substrate 4006 can be formed using
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]

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
of the thin film transistor 4010. With the use of the common connection portion, the
counter electrode layer 4031 can be electrically commected 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,

[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 inte 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
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 ps, has optical isotropy, which makes the alighment process unneeded,
and has a small viewing angle dependence,
[0217]

Although an example of a transmissive liquid crystal display device is
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
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
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
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
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
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
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
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]

Afier the protective film is formed, the semiconductor layer may be subjected
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
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]

Note that a siloxane resin is a resin formed from a siloxane material as a
starting material and having the bond of Si-O-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]

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 ceater, 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
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
made of a light-transmitting conductive material such as indium oxide containing
tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide containing
titanivm oxide, indium tin oxide containing titanium oxide, indium tin oxide
{(hereinafter referred to as 1TO), indium zine oxide, or indium tin oxide to which silicon
oxide is added..

[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 4031.1t is preferable that the pixel electrode formed using a
conductive composition have sheet resistance of 10000 (¥square or less, and light
transmittance of greater than or equal to 70 % at a wavelength of 550 nm. Further, it is
preferable that the conductive high melecule contained in the conductive composition
have resistance of less than or equal to 0.1 Q-cm.

[0228]

As the conductive high molecule, a so-called = electron conjugated conductive
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

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 Embediment 7, a connection terminal electrode 4015 is formed from the
same conductive film as the pixel electrede layer 4030 included in the liquid erystal
element 4013, and a terminal electrode 4016 is formed from the same conductive film
as source and drain electrode layers of the thin film transistors 4010 and 4011.

[0231]

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. 20A1 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.

[0233]

FIG. 21 illustrates an example of a liquid crystal display module which is
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
substrate 2600 and a counter substraie 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 2603, 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
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 cirenit substrate 2612 is connected to a wiring circuit portion
2608 of the TFT substrate 2600 through a flexible wiring board 2609 and inchudes an
external circuit such as a control circuit and a power source circuit. The polarizing
plate and the liquid crystal laver may be stacked with a retardation film interposed

therebetween.
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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
Vertical Alignment} mode, an ASM (Axially Symmetric aligned Micro-cell} mode, an
OCB (Optical Compensated Birefringence) mode, an FLC (Ferroelectric Liquid
Crystaly mode, an AFLC (AntiFerroelectric Liquid Crystal) mode, and the like.

[0236]

Through the above process, a liquid erystal display panel as a semiconductor
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]
[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 ¢an 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
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 clectronic paper to which Embodiment 3 is applied, the
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 advertissment 2632 in a vehicle such as a train.  In the
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
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 the e-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]

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
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
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,
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
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
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,

[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]

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
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.,
Moreaver, when the display device is connected to a communication network with or
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 perfermed.

[0249]

FIG, 25B illustrates an example of a digital photo frame 9700. For example,
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
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
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
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
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
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, cdor, or infrared ray), and a microphone
9889), and the like. Tt 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
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 commumication. Note that the function of the portable game machine
illustrated in FIG. 26A is not limited to those described above, and the portable game
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
such as a start lever or a stop switch, a coin slot, a speaker, and the like. Tt 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.

[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.

[0255]

When the display portion 1002 of the mobile phone 1000 illusirated in FIG, 27
is touched with a finger or the like, data can be input inte 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.

[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
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 con 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]

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).

[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
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
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
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 10]
[0262]
The examples in 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
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
“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]

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 trangistors arranged m 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
than or equal to 10” 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 clectrode 1401 and a second gate electrode
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
confaining any of these materials as its main component.

[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 melybdenum 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
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
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]

Further, a first oxide semiconductor layer 1405 which is on and in contact with
the first wiring 1409 and the second wiring 1414 is provided at a position overlapping
with the first gate clectrode 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.

[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
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
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
wiring 1410 which face each other with the first oxide semiconductor layer 1405
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.

[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
1407 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.

[0273]

As illustrated in FIG 32A, the second wiring 1410 which is electrically
connected to both the first oxide semiconductor layer 1405 and the second oxide
semiconductor layer 1407 is directly connected to the second gate clectrode 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
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.

[0274]

Further, FIG. 32C is a top view of the inverter circuit of the driver circuit. A
cross scction taken along chain line Z1-Z2 of FIG, 32C corresponds to FIG. 32A,
[0275]

Further, FIG. 32B illustrates an equivalent circuit of the EDMOS circuit. The
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
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
wiring 1411 like in Embodiment 1.

[0278]

This embodiment can be freely combined with any one of Embodiments 1 to 9.
[Embodiment 11]

[0279]

Tn Embodiment 11, the degradation of ¢lectrical 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
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 electrede
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
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 303, and the oxide layers
307 and 308.

[0281]

Tn this embodiment, the gate electrode layer 302 was formed using
molybdenum, and the source electrode layer 304 and the drain electrode layer 305 were
formed uvsing 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-O-based non-single-crystal film,
Channel length L of the thin film transistor was 10 pum and channel width W thereof
was 10 pm.,

[0282]

As for the stress which was applied to the thin film transistor, gate voltage Vgs
was set to 2 V and source-drain voltage Vds 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.

[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 01 of the source electrode layer 304 are 27°, 45°, and 63°. The taper angle 01
of the source electrode layer 304 was set to be the same angle as the taper angle 62 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.

[0286]

Calculation results in the case where the taper angle 01 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
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 €1 of the source electrode layer 304 is smaller can be
obtained.

[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 01 is 90° is shown
in FIG. 37A. The structure shown in FIG. 33B is the same as the structure shown in
FIG 33A except that the taper angle 81 1s different from that in FIG 33A.

[0290]

Furthermore, for comparison, the result of the calculation which was performed
in the similar mammer 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 01 made
no difference in the results as long as there is no oxide layer on the side surface of each
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.

[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 61 to be smaller than
90°.

[0292]

The embodiments described above will be described in more detail in examples
below.
[Example 1]
[0293]

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 in this example will be
described below.
[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
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 clectrode layer, and the drain electrode layer and patterned by a photolithography
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.
{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]

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 electrede layer 506a and
the drain electrode layer 506b, a tungsten film with a thickness of 100 nm was formed
by a sputtering method.

[0300]

As the buffer layer, an In-Ga-Zn-O-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 Iny05:Ga03:Zn0 = 1:1:1
was used.

[0301]

As the oxide semiconductor layer, an In-Ga-Zn-0O-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 sccm, the oxygen
flow rate was 5 sccm, the distance between the glass substrate and the target was 170
mm, and a direct-current {DC) power source was used.  As the target, a target in which
In>03:Gax05: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
obtained by this film deposition condition was InGag 94Znp.4003 31.

[0302]

FIG. 28 is a graph showing a V-4 curve of a thin film transistor. In this
cxample, 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.

[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 um,
channel width W of the transistor was set to 100 um, length Ls where the source
clectrode layer 506a and the gate electrode 502 overlap with each other was set to 5 pm,
length Ld where the drain electrode layer 506b and the gate electrode 502 overlap with
each other was set to 5 pum, and each length A where the oxide semiconductor layer 510
does not overlap with either the source electrode layer 506a or the drain electrede layer
506b in the direction which is parallel to the channel width was set to 5 pm.

[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]
[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.
30Ato 30C. The sample is different from the thin film transistor described in Example
1 only in the cross-sectional shape of cach 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
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 clectrode 502.  Then, a gate insulating layer
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
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).

[0307]

As the substrate, a glass substrate manufactured by ASAHI GLASS CO., LTD.
(product name: AN 100} was used.

[0308]

Ag 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.
[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]

Ags the second conductive film for forming the source electrode layer 606a and
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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As the oxide semiconductor layer, an In-Ga-Zn-O-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 CF4 was set to
25 scem, the gas flow rate of Cl; was set to 25 sccm, the gas flow rate of O, was set to
10 scem, and an RF (13.56 MHz) power of 500 W was applied to a coiled electrode at a
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.

[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
the portion surrounded by a dotted line in FIG. 30C is FIG. 31A. FIG 31B is a pattern
diagram of FIG. 31A. As shown in FIG. 31A, 61 was about 40°.  Further, as shown in
FIG 31A, 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
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

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
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 clectrodes is manufactured, and angle 81 of the side
surface of the source electrode which is in contact with the oxide semiconductor layer and
angle 02 of the side surface of the drain electrode which is in contact with the oxide
semiconductor layer are ¢ach 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 cach electrode is

increased.
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CONFIRMATION NO. 7085
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Fairfax, VA 22033

Date Mailed: 03/08/2013

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 Paris" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Shunpei YAMAZAKI, Setagaya, JAPAN;

Kengo AKIMOTO, Atsugi, JAPAN;

Daisuke KAWAE, Yamato, JAPAN;
Applicant(s)

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 10/27/2009 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 (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.
If Required, Foreign Filing License Granted: 03/04/2013
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The country code and number of your priority application, to be used for filing abread under the Paris Convention,
is US 13/763,874

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF
Preliminary Class
438

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 couniry. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO wabsite 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, Karea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if & 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.8.C. 181, the licensee may foreign file the application pursuant to 37 GFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The 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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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSICNER FOR PATENTS

ELQ. Box 1450

Alexandria, Yirgmia 22313-1450

WWW.LIPIO 20V
| APPLICATION NUMBER | FILING OR 271{C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
13/763.874 02/11/2013 Shunpei YAMAZAKI 0756-10065
CONFIRMATION NO. 7085
31780 FORMALITIES LETTER

Robinson Intellectual Property Law Office, P.C.

575 Ea Rl D R

Suite 20 North
Fairfax, VA 22033

Date Mailed: 03/08/2013

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee is missing.
Applicant must submit $390 to complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entily status and pay the small entity filing fee (37 CFR 1.27).

The applicant needs to satisfy supplemental fees problems indicated bealow.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or
declaration) as set forth in 37 CFR 1.16(f) of $ 130 for a non-small entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWQ MONTHS from the date of this Notice is $ 1390 for a non-small entity
+$ 390 Statutory basic filing fee.
+$ 130 Surcharge.
« The application search fee has not been paid. Applicant must submit $ 620 to complete the search fee.
» The application examination fee has not been paid. Applicant must submit $ 250 to complete the examination
fee for a non-small entity.

Items Required To Avold Pr ing Delays:

Applicant is notified that the abave-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).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
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All
Applicant may submit the inventar's oath or declaration at any time before the Notice of Allowance and Fee(s)
Due, PTOL-85, is mailed.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registerad users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF . html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnegash/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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CONFIRMATION NO. 7085
31780 POA ACCEPTANCE LETTER

Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive

Suite 20 North

Fairfax, VA 22033

A

Date Mailed: 03/08/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 02/11/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the

above address as provided by 37 CFR 1.33.

/tpnguyen/

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

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREQF

TECHNICAL FIELD
[0001]

The present invention relates to a semiconductor device using ZnO (Zimi Oxide) and a’
manufactu ring method thereof. '.
BACKGROUND ART -
[0002)

" A semiconductor device used for a display panel of a“liquid erystal display device or an

EL (Electroluminéscent) display device, for example, a scn{icdnductqr portion of a TFT {Thin
Film Transistor), is generally formed by ‘ using a-Si (amorphous  silicon) or -pol'y—Si
{polycrystalline silicon). ' '
[0003] .

Si (silicon) does not have a large band gap {for éxamplé, single-crystalline Si is 1.1 er, :

and absorbs visible light. By irradiation with the light, electrons and holes (carriers) are formed

in §i. If a Si film is used for a channe] formation region 0f a TFT, a carrier is generated in the

channel formation region by irradiation with the light even in an OFF state. Then, current
flows between a source region and a drain region. The current which flows i an OFF state is

called “OFF-leak current”. 1If the current value is high, a display pancl does not operate

normally. Consequently, a light shielding film is formed so as not o irradiate the Si film with .

light. However, a process becomes mmpléx when the light shielding film is formed, because a

deposition step, a photolithography siep, and an etching step are required.
[0004]

To solve the problem, an attention is paid to a transparent transistor using zinc oxide
(ZnQ) which is a semiconductor having a larger band g;ap of 3.4 eV 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 ZnO for the channel formation regjon is disclosed in
Reference 1, for example. The structure of the semiconductor device using ZnO is described
referring to FIG. 7A. |
(00061

A semiconductor device in FIG 7A has a source electrode 1001 and a drain electrode
1002, a ZnO layer 1003 arranged s0 as to be contacted with the source electrode 1001 and the
drain electrode 1002, and a gate insula"ting layer 1004 stacked over the ZnO layer 1003 and a
gate electrode 1005 over an insulating substrate 1000 such as'a glass su_bslrétc.
[0007] ' _

- For the source electrode 1001 and the drain electrode 1002, é conduclive ZnQ is used.
The conductive ZnO is doped with one of the following; B(bdr;)n), Al (aluminum}, Ga (gallium},
In (indium), or Tt (thallium), which are 111 group elements; F(fluorine), Cl (chlorine), Br
(bromine), or [ (iodine), whfch are VII group elements; Li (lithivm), Na (sodium}, K (potassium),
Rb {rubidium), or Cs (caesium), which are I group elements; and N (nitrogen), P (phosphorﬁs), '
As (arsenic), Sb (antimony), or Bi (bismuth), which are V group elements.

[Reference 1] J apanese Publishevaatent Application No. 2000-150900
DISCLOSURE OF INVENTION -
[0008] : . ._
Aoéording to the examination by the present.invcntor, it was revealed -tiiat the substrate

1000 is etched in some cases when the source electrode 100} and the drain electrode 1002 of the

.top gate semiconductor device shown in FIG, 74 is formed by etching. Even in the case of

forming a base film 1006 formed by using a’silicon exide film or a silicon oxynitride film on the
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 botiom gate semiconductor device shown in FIG. 7B, ii 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.

[0009]
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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 ox}nitride film is etched, an
impurity such as sodium is diffused into a semiconductor film 1003 from the substrate 1000, so
that characteristics are deteriorated.

[0010]
In the case of the bottom gate semiconductor device (FIG. 7B), if the gate inéulating

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 presént invention to provide
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 cli.an‘n_el formation region, and ‘'a ZnO .
film to which an h~typc or p-type impurity is added is used for the source elecirode and the drain
elecirode. “
[0012] _

An aspect of a semiconductor device-of this invention has an Al film or an Al alloy.ﬁlrr;
over a silicon oxide film or a silicon 6xynitride film, and a Zn0 film to ﬁhich an n-type or p-tyi:e

@

‘A silicon oxide film”, “a silicon

impurity is added over the Al film or the Al alloy film.

oxynitride film”, “an Al film”, “an Al alloy film” and “a ZnO film” in this specification means a-

film contaiﬁing silicon oxide, a film containing silion exynitride, a film conta'min.g Al, a film
containingM alloy, a film containing ZnO. resgective;lz. —
0013} . '

An aspect uf.z; 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
alloy film over the gate insulating film, a ZnQO film to which an n-type or p-type impurity is
added over the Al filim or the Al alloy film, and a Zn0O semiconductor film over the ZnQ filn Lo
which an n-type or p-type impurity is added and the gate insulating film.

[0014]
An aspect of a semiconductor device of this jnvention has an Al film or an Al alloy film

over a silicon oxide film or a silicon oxynitride film, a ZnQ 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 an semiconductor film over the
silicon oxide film or the silicon oxynitridé film and the Zn0Q film to v&hich an n-type or p-type
impurity is added, a gate insulating film over the ZnO semiconductor fifm, and a gate electrode
over the gate insulating film.
[0015]

An aspect of a manufacturing method of a semiconductor device of this irwv:ntibn has

the steps of: forming a silicon oxide film or a silicon oxynitride film; forming an Al film or an Al

- alloy film over the silicon oxide film or the silicon oxynitride film; forming a ZnO film to which

an n-type or p-type impurity is added o;cr the Al film or the Al alloy,_film, wherein the ZoO film
to which an n-type or p-type impurity is added is etched to have an i_sIan.d-likc shape by a first
etching, and the Al film or the Al ﬁlloy film is etched to have an isiand-like shape by a second -
etching. | |
[0016]

An aspect of a manufacturing mcth(;d of a semiconductor device of this invention,
wherein a ZnO scmiconélugtor film is formed over the ZnQ film to which an n-type or p-lype
impurity is added, and the silicon oxide film or the silicon oxynitride film after the sec-oud‘
etching. A -
[0017] _

_. In the case of the bottom gate semiconductor device, a pate insulating film formed By
using the silicon oxide film or the silicon oxynitride film is formed over the gate electrode after

forming a gate electrode.

[0018]

In the case of the top gate ser'niconductor device, a gate insulating film is formed and a
gate clectrode is formed after the ZnO semiconductor film is formed.
[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]

A first eiching of this invention may be dry etching.
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[0022]

A first etching of this invention may be dry etching using CH, (mcihane) gas.
[0023] ’

A second etching of this invention may be wet etching.

[0024]

A second etching of this invention may be wet etching using developing solution for a
photoresist. |
[0025] -

- A second etcﬁing of this in;cntion may be wet etching using an organic alkaline.
solution. . ' |
[0026] ' '

"~ A second giching of this invention may Iip ~wet etching usiug_ TMAH
(tctramethylammolnium hydroxide). L A
[0027]

An aspect of a‘s:gmiconduclor 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 éemicoﬁdudor 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 filin. '
(0028} | | o

An aspéct of a semiconductor device of this invention has an insulating fiirﬁ over a

substrate, a first film comprising a metal material over the insulating film, a second film

comprising a transparent semiconducior material and an n-type or p-type impurity over the metal

film, a third film comprising the transparent"semiconductor material over the insulafing film and
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

material over the insulating film, forming a second film comprising a transparent semiconductor
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material and an n-type or p-typé impurity over the first film, etcliing the second film, and etching
the first film. I
{0030]

An aspect of a manufacturing method of a semiconductor device of this invention has
the steps of: forming a gate electrode over a subétratc’, forming a gate insulating film over the
gate electrode, forming a first film comprising a metal material over the gate insulatiﬁg film,

forming a second film comprising a transparént semiconductor material and an n-type or p-type

: impurity over second film, etching the second film, and etching the first film.

[0031].

In the top gate semiconductor device, a base film formed by usling a plass substrate, a
silicon oxide film or z silicon oxyﬁitride film is not etched, and an impurity such as sodiwm is not-
diffused from a substrate into a semiconductor film so that itsichqractéristics are not dé_terioratcd.
[0032] ‘ '

In the bottom gate semiconductor device, the gate insulating film is not etched and its
characteristics do not bebqrne unstable.

[0033] 7 _
Since Al js used for a part of the source electrode and drain electrode, low resistance of

a wire can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0034] .
In the acwmganying‘ drawings:
FIGS. 1A and 1B show semi;:onductor 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 sieps of a semiconductor device of this
invention;
FIGS. 5A to 5D show manufacturing steps of a semiconductor device of this invention;
FIGS. 6A 10 6C show manufacturing steps of a semiconductor device of this invention;

FIGS. 7A and 7B show conventional examples;
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FIGS. 8A and 8B show a manufacturing step of a liquid ;:rystal display device;
FIGS. 9A and 9B show manufacturing steps of a liquid crystal &isplay device;
FIGS. 10A and 10B show manufacturing steps of a light—emitling 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 sh()\;.f an cxafnple of an electronic apparatus Lo which this
invention is applied; and .

FIG. 16 shows an example of electronic apparatuses 16 which this inveniion is applied.
[0035] '

The cml.mdiments‘ of this invention 'wil[ be described hereinafter referring to' the
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 disclésedl
can, be modified in various ways without departing from the purpose and the scope of .tfle
invention.  Therefore, this invention should not be interpreied as being limited to the

description of the embodiments to be given below.

BEST MODE FOR CARRYING QUT THE INVENTION
[0036] .. o |
{Embodiment 1] |

Here, a bottom gate semiconductor device is described.
[0037]

FIG. 1A is a cross-sectional view in which one example of the embodiment of this
invention is shown. In FIG 1A, numeral reference 1 denotes a substrate, 3 denotes a gate
electrode, 5 denotes a gate insulating film, 10 denotes a source elecirode, 18da denotes a first
conductive film, 10b denotes a second conductive film, 11 denotes a drain electrode, 11a denotes

a first conductive film, 11b denoies a second conductive film, and 13 denotes a semiconductor
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film. An insulating 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

over the gate electrode 3, and the source electrode 10 and the drain elgctrode 11 are formed over

" the gate insulating film 5. The source electrode 10 is formed of a layered film having the first

conductive fitm 10a and the second conductive film IOb; and the drain electrode 11 is formed of
a layered film having the first conductive film 11a and the second conductive film 11b. A third
conductive film may be formed betwcél_l the first conductive film 10a and the second cc;nductiver
filtn 10b, or between the first conductivé film 11a and the second (.Jond'uctivelfilm 11b. The
source electrode 10 and the drain electrode 11 may be each fdrmcd s0 as 1o overlap partially with -
the gate electrode 3 through the gate insulating film 5. The s_.e‘mico.nductor film 13'5is formed
over the source el;actrode 10 and. the drain electrode 11 over the gate insulating film 5.

[0039]

Héreinaftcr, t_sach §tmcture is described.

(1) substrate 7 ‘ _

The following can be used for forming a substrate: a substrate formed by using a glass |
substrate; an insulating material such as alumina; and a plastic substrate which can rcsi'st a
pro@sing temperature in post-steps; and the like. In the case of using a‘p.lastic sub;strale for.
the substrate 1, the following can be used: PC (polycarbonate); PES (polyethcrsuifoile); PET
(polycthyleﬁe terephthalate); PEN (polyethylene nﬁphlhalatc); or the like. In the case of the -
plastic subgtratc, an inorganic layer or an organic ayer 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 gcne.ratcd'on
the substrate in the manufacturing process of the plastic subsirate, the substrate may be used after
polishing it with CMP or the like to make its surface planarized. An insulating film such as
silicon oxide (SiOx), silicon nitride (SiNx), silicon oxynitride (5iOxNy) (X>Y), and silicon
nitride oxide (SiNxOy) (X>Y) may be formed over the substraic 1 for preventing an impurity or
the like from diffusing from the substrate side.

[00407]
(2) gate electrode
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A gate electrode can be formed by using an Al (aluminﬁm) film, a W (tﬁ:igsten) film, a
Mo (molybdenum) film, a Ta (tanialum) film, a Cu (copper) film, a T{ (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
polycrystalline silicon film doped with an impurity element such as P (phosphourus) may be
used. The gate ¢lectrode 3 may be a single layer or a layered film in which two or more; layers

are stacked.

- [0041] -

-

. (3) gate insulating film

The gate insulating film 5 is formed by ‘using an insuolating film 'conlaining silicon as a
main component, for example, sil—icon 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 eleétrqde 10 is formed with a layered film of the first conductive film 10a
and the second conductive-film 10b, and the drain electrode 11 is formed with a layered fil[-n oé
the first conductive film 11a and the éecond conductive film 11b, '
[0043] _ _ _

As the first conductive film, an Al film, an Al alloy film such as an AINi (aluminﬁm

nickel) film, and an AINd (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.
{0044]

(5) semiconductor film

A ZnO film is used as a semiconductor film. Since the source clectrode and the drain
electrode contacied with the semiconductor film have the ZnO film to which a p-type or o-type
impurity is added, they can be easily connected with the semiconductor film.

[0045]
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(6) insulating film

An hinsulating film such as a passivation film and a planarizaiion film may be formed
over the semiconductor film 13, although not shown. Silicon oxide {5i0x), silicon nitride
(SiNx), silicon oxynitride (SiOxNy) {x>§), silicon nitride oxide (SiNxQy) (x>y), a SOG
(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.

[6047]

{Embodiment 2]

" Here, a to;'i gale semiconductor device js described.

[0043] |
FIG 1B is a cross-sectional view showing one cxample of an embodiment of this -

invention. In FIG. 1B, 'nu.mcral reference 1 denotes a substrate, 20 denotes an insulating film,
25 denotes a source electrode, 252 denotes a first conductive film, 25b denotes a seccmd‘
conductive film, 26 denotes a drain eiectrode, 26a denotlcs a first conductive film, 26b denotg:s'a
second conductive film, 27 denotes a semiconductor film, 28 denotes a gate nsulating film, and
29 denotes a gate electrode. An insulating film for -bassivation or planarization may be forméd
over the gaie clcclrﬁdc- ‘
[00d9]

The insulaiing 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 film 25a and the second conductive film 25b, and the
drain electrode 26 is formed with a layered film of the fitst 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 clectrade 26 over the insulating film 20, the gate insulating fitm 28 is formed over the

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 50 as to partially overlap \_.\.rith the source electrode and the
drain electrode” with the gate insulating. film 28 and the semicondl.:lclor film 27 interposed
therebetween. ' .
[0050]

Here, each structure is described.
[0051]

For the substrate, the source electrode, the drain electrode, the semiconductor film, and

 the gate ¢lecirode, the same ones described in Embodlmcnt 1 can be used.

(1) insulating film over suhstrale

An silicon oxide film or a silicon oxynitride film is formed as thc;. insulating film 20 for
preventing an impurity or the like ﬂom diffusing from the substrate side c;ver the substrate 1. In -
addition, it may be a single layer or a layered film. )
[0052] ‘

(2} gate insulating film

The gate insulat'ing film 28 is formed by using an insulating film containing silicon as a
main component, for example, a silicon oxide film, a silicon oxynitride film, a silicon nitridc‘
oxide film, and é silicon nitride film. In addition, it may be a single layer or a layered film.
[0053] '

3 msulatmg film over gate electrode

An mtcrlayer msulatmg fllm such as a passwatmn film and a plananzauon f11m may be

formed over the gale electrode 29, although not shown. ASiIQ, film, a SiNx film, a SiION film,

SiNO film, an SOG (spin-on-glass) film, and an organic resin film of acr}Flic or a layered film of |

those can be used.
[0054]

In the top gate semiconducior 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 impurily such as sodium is
not diffused into the semiconductor film from the substrate and the characteristics are not
deteriorated. Al is used for a pant of the source electrode and the drain electrode, thereby
achieving lower resistance of a wire.

[0055}
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" [Embodiment 3]

A nianufacturing method of the bottom gate semiconductor device is described, in
which a silicon oxide film or a silicon oxynitride film is formed as a gate insulating film over the
gaie electrode, an Al film or an Al alloy film is formed as a first conductive film, and a ZnO film
to which an n-type or p-type impurity is added is formed as a second conductive film, and then,
the second conductive film is etched 10 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 eiching to form source and
drain electrodes, and a ZnQO semiconductor film is formed. '

[0056] . ‘ .
' As shown in FIG 2A, a gate electrode 3 is formed. Thc‘thiclkncsls of the gaie electrode
may be 10 to 200 nm over a Substfate 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
oxynitride tSiOxNy) (_x:;y)2 silicon nitride oxide (SiNxOy) (x>y), or the like méy be formed with
a thickness of 10 to 200 nm by CVD or sputtgring 50 as to prevent impurity or the like ﬁ'om.
diffusing from the substrate side (FIG. 2RB).

[0058] . ' _

7 Thq insulating film 2 may be formed by prbcessing the surface of the substrate 1 with
high density plas;na. vf‘or example, the high density plasma can be generated .using a
microwavel of 2.45 GHz, and it is On]}; required tﬁat electron density rangesl from 1x10" tor

1x10"/cm?, and electron temiperature is 2 eV or less. Such high density plasma has a low A

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.
[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

subjected to a nitriding trealment by the high density plasma, as a nitride film formed over the
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surface of the substrate 1, the ihsulating film 2 containing silic;)n nitride as a main component
can be form;:d. * The insulating film 2 mﬁy be formed by using a plurélily of layers in which a
silicon oxide fil or a silicon oxynitride film is formed by plasma CVD over the nitride film.
[0060] _

Tn 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.
{0062]

The gaie electrode 3 can b:c formed by using materials shown in Embodiment 1.  Here, -
an AINd (aluminﬁm neodymium) film is formed by sput"te;iglg ﬁsing an AINd i_argct and
processed into an"is]and-like shape. A photolithography method is used for processing the film
into an island-like shape, and dry etching or wet etching is used. ' |
f0063] o

After cleaning the surface of the gate electrode 3 and the surface of the éubstratc 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). Thp surface clearlling
step and the formation step of the gate insulating film 5 may be carried out continnously without
being exposed to air. I_ﬁ the case where an Al film is used for the gate electrode 3, ;vhen the
gate insulating film 5 is formed at a high temperature, 2 hillock is generatcd in some cases.
Thus, it is -préferable to form the film at a low temperature of 500°C or less, preferably 350°C or
less. |
[0064)

The gate insulating film 5 can be formed by using the material shown in Embodiment 1.
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

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 AINi (aluminum nickel) film or an AINd {ilm is

used. The first conductive film 6 can be formed by sputtering using an AlNi target or an AINd

target. Afier forming the gate insvlating film 5, the first conductive film 6 may be formed

" continuously without being exposed to the air.

[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 coriductive film 7 can be formed by using the iaterial

- shown in Embodiment 1. Here, ZnO (zinc oxide) to which an impurity such as Al or Ga is

added is used. - Conséquently, an oﬁﬁic contact can be casily created between the second
conductive film 7 and a ZnO film'which is formed as a sémioonductqr fayer 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 ZnQ target 10 whi?ch lto iO weight % of Al or Ga is
added; or sputlcri!‘Ig in which an Al or Ga chip is mounted on a ZnO target at 200 to 300°C.
[0067] |

| After forming tfnerﬁrst conductive film 6, the second conductive film 7 may be formed
continuously without being exposed to the air. .T'hereforfs, formation from the gate insula_ting‘
film 5 to the second conductive film 7 may be continuously carried out without being exposed to
air. .
[0068]

A third conducti_v"e.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 temperalure in a manufacturing process. However, the contact
resistance can be reduced between the first conductive film 6 and the second conductive film 7
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 sputiering or the like.
[0069]

A resist uiask 9 is formed over the second conduclive film 7, and the second conductive
film 7 is ctched (FIGS. 3A and 3B). In the case of using wel etching, buffered flnoric acid (in

which HF (hydrofluoric acid} and NH4F (ammonjum fluoride) are mixed), for example, solution -
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with a ratio of HF:NH,F (weight ratio)=1: 100 to 1: 10 is used.
[ov70] '

* In the case of using dry etching, anisotropic plasma etching using CH, gas can be used.
[0071] »

Under the second conductive film 7, the firét conductive film 6 is formed. Thus, the
first conductive film 6 serves as an etching 'stdpper when the second conductive film 7 is ‘.:tchcd.
Consequently, source and drain electrodes can be forme(‘i without damaging the gate insulaiing
film 5 in etching. '
jou72y . _
' A. part of the first conductive film 6 may be etched when the s,ccoﬁd conductive film 7 is
etched. However, attention is rcf];lircd to be paiﬁ 50 as not to totally etch the first conductive -
film 6 because the gate insulating film is damaged if the first c-pnducti\-.;c film 6 is totally etched.
[0073] | '

Next, a source electrode 10 and a drz-lin electrode 11 are formed by etching the first
conductive film 6 using ihq resist mask 9 (FIG. 3C). In this invention, the first conductive film
6 is etched using an organic alkaline solution represented by TMAH (tctramcthylammoniuml
hydroxide), which is a developer for a photoresist, '

(0074} '

In the case of usmg an AINi film for the first conductive film 6 and TMAH for etchmg

solutlcm the etchmg ratio is. approxlmatcly 300 nmfmm at 30°C. On the othier hand the sccond'

lconductlve ii lm 7 or the gate msulalmg film 5 to Whlch the above-mentioned material is used is

not etched with TMAH. Cornsequently, the source electrode 10 and the drain electrode 11 can
be formed without damaging the gaté. insulating film 5. Further, the island-like shaped second
conductive films 10b and 11b are not reduced in size. In this invention, the first conductive
film & 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 cfficiency is increased.
[0075]

Thc tesist mask 9 is removed after forming the source elecirode 10 and the drain
electrode 11,

[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 i0, thé drain electrode 11, and the éatc insulafing film 5 (FIG
3D). For example, the film can be formed by sputtering using a ZnO térgct with a flow ratio of
oxygen/argon ranging from 30 to 20, at 200 to 300°C.

[0077} _

The semiconductor film 12 is étched by a photolithography method to fdrm an
island-like shaped semiconductor film 13 (FIG 4A). A wet etching method using a buffered
fluoric acid or anisotropic dry etching method using CH, gas can be used. -

[0078). o : |

Zno is commonly used in the semiconductor film 1_2‘ and the sécond conductive films
10b and 1ib, and it is difficuit ton obiain a suificien eiching seleciivity, However, since the
second conductive film 7 is required to be formed in a portiori in pontéct with the semig:onductor
film .12, the secc;nd conductive film 7 may be eiched in a portion out of contact with the
semiconductor film 12, for exampie, a wire portion. In the above-mentioned etching method,
the sccond condnctive fillm,s 10b and 11b may be etched, but the first conductive films 10a and
11a are not etched.  Consequently, the first conductive films 10a and 11a serve as wires, anci lhc.
electrical connection with the semicu;lducior device is ensured.

10079] ‘
‘An _i;isulating film 14 is formed with a thickﬁess of 50 pm to 1 ’im over a semicpndudor

film 13 by CVD or sputtering (FIG. 4B). An insulating film containing'silicon‘ as a main

componen! can be formed as the insulaiing 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 occasional1§ generated when the insulating film 14 is formed at

high temperature. Thus, it is preferably formed at low temperature, 500°C or less, preferably

350°C or less,

[G080] 7
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 efecirode 11 are provided if nccessﬁry.

[0081]
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According to this invention, a semiconductor device can be formed without damaging
the gate iusﬁlating film. An Al alloy film such as an AINi film is used as the first conductive
film, thcteby achieving lower resistance of the wire. '

[0082]
[Embodiment 4]
Here, a manufacturing method of a 16p 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, and a ZnO film to which an n-type or p-type impurity is added is formed

.as a second conductive film, and then, the second conductive film is formed to have an

island-like shape by a-first etching, the first conductive film is formed :to have an island-like
shape by a second ctching to forﬁn source and drain electrodes, a ZnO semiconductor film is -
fonned, a gate insﬁlating fitm is formed, and a gate electrode IS fqnned. Note that it i_s needless
to say that mate;ials and methods for manufacture described in Embodiments 1 to 3 can be
applied to those used for the present embodime:nt. _
(0083] . |
As shown in FIG 5A, a silicon oxide (8i0x) film is formed as an insulating film 20 6vef
a subsfrate 1 with a thickness of 10 -to 200 nm by CVD or sputiering. The insulating film 20
prevents impurity or the Iike from diffusing from the substrate 1 side.
[0084] '

| A first coﬁduclivé film 21 for the source and drain electrodes is formed with a ihickncss
of 10 to 200 nm by sputtering or evaporétion over the insulating film 20. AnAl alloy film Such.
as AlNi (alu.minum 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 continuously without being expose& to the air.
{00BS]

A second conductive film 22 is formed with a thickness of 10 to 200 am by sputicring
on the first conductive film 21 (FIG. 5A).  As the second conductive film 22, ZnO (zinc oxide)
to which a p-type or n-tyt)e impurity such as B (boron), Al {alumipum), Ga {(gallium), P
(phosphourus), or As (arsenic) is added can be used.  After forming the first conductive film 21,

the second conductive film 22 may be formed continuovsly without being exposed to the air.
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Thesefore, the steps of forming the insulating film 20 to the second conductive film 22 may be
carried out cdnti‘nuously ‘without being cxpruscd to the air. '
{0086]

A metal film such .as a Ti film may be formed as a third conductive film 23 with a
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. 5B).

- [0087)

. A resist mask 24 is formed ‘-_over the second conductive tilm 22, and thé second
conductive film 22 is etched (FIG. 5C). Wet etching using buffered _ﬂuolric acid or dry etching
using CH: gas can be used as an etc;hing method.

[0088] | ) :

The first c;onductivc 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
etched. Thus, the SOUrce _and drain electrodes can be formed without exposing the substrate 1
by etching the insulating film 20. o
[0089] . i

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
cfchcd and the substrate 1 is cxpoécd, which would cause diffusion of impurity included in the
substrate 1.. ‘ ‘ ‘ 7
{00901 7

The first conductive film 21 is etched to form the sowrce electrode 25 and the drain
electrode 26 (FIG. 5D). Wet etching using a developer for a photoresist, TMAKH is used as an
etching method. Thus, the source electrode 25 and the drain electrode 26 can be formed
without etching the insulating film 20. Further, the sizes of the island-like shaped second
conductive films 25b and 26b are not reduced becanse the ZnQ 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

improvement in efficiency.
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[0091}
Aﬂér 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 om by sputtering as the
semiconductor film 27 over the source elécirode 25, the drain electrode 26, and the insulating

film 20 (FIG. 6A).

- [0093)

. The semiconductor film 27 'l is ctched by a photolithography  method to make an
island-like shaped semiconducior film 27, Wet ciching using bu_fferéd fluoric acid or dry
etching using CH, gas can be used .as én etching method.

{0094} '

Zn0 is c:c:mmunly used for the semiconductor film 27 and th_e second conductive films
25b and 26b, and it is difficult to obtain a high etching selectivity. However, the second
conductive film may be etched 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 sourch
and drain cicctrdde 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
sputtering over thé scm.i‘conducto.r film 27 (F1G. 6B). The semiconductor film 27' may be
subjected td a high density plasma trcalﬁ}ent shown in the above-mentioned Embodiment to form
a gate ihsuléting film. The surface of the semiconductor film 27 can be nitrided by the high
density plasma treatment under a ‘nitricling atmosphere such as an atmosphere containing
pitrogen and a noble gas; an atmosphere cdmaining nitrogen, hydrogen, and a noble gas; and an
atmaosphere containing ammonia and a noble gas.

[0096)

The gate insvlating 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

film.
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[0097]
A gate electrode 29 is formed over the gate insulating film 28 (FIG. 6B). The gate

clectrode 29 can be formed by using the material sho\&n in the above-mentioned embodiment,
and may be a single layer or a layered film including two or more layers. A known CVD
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 futo an
island-like shape with a photolithography method.
[0098] _ , |

. An insulating film 30 is formed with a thickness of 50 am 1o 1 pm by CVD or
sputtering over the gate elecirode 29 and the gate insulating film 28 (FIG. 6C). The insulating
film 30 ¢an be formed by using aﬁ insulating film containing silicon. An organic resin film orx -
the like may be stacked over the insulating film containing si}icoﬁ. The insulatixi_g film 30
functions as a pfanmization 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
insulating film 28, the‘ gate electrode 29, and the insulating film 30 are formed at a high
temperature.  Thus, they are preferably formed at a ‘iow temperature, at 500"(; or iess,l

preferably 350°C or less.

[0099]

As described above, this invention can prévent an impurity from' diffusing due to an
eﬁposurc of the 's;ubstrq{e .i.  An Al alloy film such as an AINi film is used as lthe first
conductive film, thereby achieving IOWci sesistance of a wire. . . |
[0100] ' '

[Embodiment 5]

Here, a description is made of a method of manufacturing a liquid crystal display device
using a bottom pgate semiconductor device which is shown in Embodiments 1 and 3 referring to
FIGS. 8A and 8B 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]

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 AINd film is formed by sputtering, and then, formed by known
photoliphogréi)hy method and etching. .
[0102]

A gate inselating film 42 formed by using a silicon oxide film or a silicon oxynitride
film is formed by CVD or sputtering,
[01031

An AINi film is formed as a first contluctive film by spuitering 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. ’.

[0164)

A ZnO (zinc oxide) film m; which Al is added is formed as a second conductive fiim by
sputtering over the first conductive film. The second condui_:tiw; fiIlﬁ forms a source electrode
45b, a drain electrode 46b, and a source wire 47 later,

[0105]

A 1esist mask is formed in a region which is to be a source electrode portion, a drain
electrode portion, and a source wire portion, over the second co,ndu(-:tive fitm (not shown inrthc
figure}). Then, the second conductive film is etched. Here, etching is performed using
buffered fluoric acid and a solution of HF:NH,F=1:100 {weight ratio).

(0106} _ o
. Next, the ‘first qﬁnducﬁve film is etched using TMAH solution to form.ihcl: source
electrode 4$a, the drain electrode 46a, and the sdur;i:c wire 47. After that, tl-lﬂ 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 stand-like shaped sccond conductive film is not reduced,
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 jis formed. A ZpO film is formed by sputtering, and
then, the semiconductor film 48 is formed from the ZnO film by a photolithography method and

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 partiaily removed here,
because the first conductive film is formed in a portion (o be a wire, '
[0108]

An insulating film 49 is formed by CVD, sputtering, coating, or the like over the .
semiconductor film 48. The insulating film 49 can be formed by using a layered film having an
‘insulating film containing siliqon, 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 thé drain electrode 46 and a contact hole for the auxiliary
capacitor are formed in the insulating film 49 using a photolithograph'y Imethocl and an etching
method. -

[0110] )

A transp;n:ent conductive film is formed by sputtering, and then, a pixel electrode 50 is
formed using a photolithography method and etching. For example, ITO (Indium Tin Oxide),
ITSO (Indium Tin Oxide containing 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 matgrial-
such as Ag (silver), Au (gold), Cu (copper), W (tungsten}, or Al (zluminum) is formed instead of
a transparent electrode. o E '
[0112]

" 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. 8A and 8B).
[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 cormer 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 chamfezring a projecting portion.  Even though the

fine particles are generated, the fine particles can be prevenled from accumulating at the cormer
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at the time of cIcamng, and the fine pamcles can be washcd away by chamfering a concave
portion. Thus a problem of fine particles or dust in the manufacturmg pracess can be solved
and the yield can be improved.
[0114] .

An alignment film 51 is formed so as o cover the pixel electrode 50. The alignmesit
film is formed by a droplet discharge method, printing, or the like.  After forming the ali;gnment

film, rubbing is conducted.

- [0115] -

. A color filter 55 is formed by using a colored layer and a lighi-shicl&ing layer (black
matrix), and ‘a protective insulating film 54 is formed on an Qppolsing substrate 56. A
transparént electrode 57 is forméd, and an alignment film 53 is formed on the protective’
insulating film 54 .(FIG. 9A}. The alignment fiim is subjcctc'gl toa rul;)bing process. '

[0116] ' '

Next, a closed pattern 75 of a sealant is formed by a droplet discharge method (FIG. 9B).
A region surrounded by ihf: sealant is filled with liquid crystal composition 52 (F1G. 94).
[0117] _ | |

After d.mpping the liquid crystal composition 52 in the closed pattern 75, the opposihg
substrate 56 and a subsirate I in which a semiéonductor device is formed are atlached to each
other. When thc liquid crystat composition 52 is filled, thefollowing 'alternative _may be
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 cach other; then, liquid crystal is m]ecled using

capl.llary action.

[0118]

As an alignment mode of the liquid crystal composition 52, TN mode in which the
alignment of liquid crystal molecules is twisted at 90° from the side of light incidence 10 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 F1G. 8B and is a comb-like shape in the case of the IPS mode.
[0119]

Polarizing plates are attached to both of the opposing substrate 56 and the substrate 1 on

which the semiconductor device is formed. - In addition, an optical film can be attached if
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required.
[0120]

The distance beiween 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
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 'écrylic,

polyimide, polyimide amide, or epoxy as a main component, or an inorganic material baving one

' of silicon oxide, silicon nitride and silicon oxide containing nitrogen, or a layered film thercof.

[0121]- : -
Then, an FPC (Flexible Printed Circuit) is attached to the the subsirate 1 with an
anisotropic conductive layer interposed therebetween using a known technique.

[0122]

i . ) . .
A peripheral driver circuit may be formed over the substrate. A plane exemplary

diagram is shown in FIG. 9B.

[0123] o |
A pate wire driver circuit 62, a source wire driver circuit 63, and an active matri);
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 62a and a buffer 62b.. The source wire

driver circuit 63 is constituted from at least a shift register 63a, a buffer 63b, and an ana'log

. switch 69 which samples video signals transmitted via video lines 68. A pluralify of gate wires

72 extended from the gate wire driver circuit 62 is arranged in parallel with each other in the

aclive matrix portion 64. A plurality of source wires 71 extended from the source wire driver

circuit 63 is dmanged orthogonally to the gate wires 72.  In addition, an auxiliary capacitor wire
73 is armanged in parallel with the gate wires 72. In addition, a semiconductor device 65, a
liguid 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

as the semiconductor device 65 to have a similar structure.
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[0125]

In tile semiconductor device 65, a gate clectrode is connected to the gate wire 72, and
the source electrode is connected to the source wire 71 A liguid crystai portion 66 is formed by
introducing 2 liquid crystal to be sealed between a pixel electrode conmected to the drain
glectrode of the semiconductor device 65 and an opposing- electrode over the opposing subsirate.
The auxiliary capacitor wire 73 is connected to an elecirode having the same potential as the
opposing electrode.

[0126] _

- Tnthe aforcmsﬁtioned liquid L:rystal display device, the gate insvlating film is not-etched
and the characteristics do not become unstable, and thus, high rcliaﬁility fs realized. In the case
of ﬁsing a top gate scmiconductdr device, a glass substraie or a base {ilm formed by using, a”
silicon oxide film‘ ;)r a silicon cxynitride film is not etched, so‘ﬁtha; impurity such as sodium is not
&iffused into a semiconductor film from the substrate and the characteristics are not deteriorated,
and thus, high reliability can be realized. .

[0127] ’

Al is used for a part of the source electrode and the drain electrode, thereby achievingl

lower resistancer of a wire.
[0128]
[Embadiment 6) .

| Here, a description is made of a method for manufacturing a light-ém_ining.dcvicc with
using the bottom gate semiconductor device shown in Embodiments 1 and 3 ‘referring to FIGS.
10A and 10B and 11A and 11B.  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 10A.is carried out. Note
that the same paris as those of the above embodimeﬁts are denoted by the same reference
numerals.

[0130]
In the EL display device, the pixel electrode SO functions as an anode or a cathode.  As
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the material for the pixel electrode 50, t-he following can be employed: a conductive metal such
as aluminurr; (AD), silver (Ag), gold (Au), platinum (Pt), nickel (Ni), iungsten (W), chromium ‘
(Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), paIladfum (Pd), lithium (Li),
caesium (Cs), magnesium (Mg), calcium (Ca), strontium (Sr), or titanium (Ti); an alloy such as
aluminum-silicon (Al-Si), aluminum-titanium (Al-Ti), ‘ot -aluminum-silicon-copper (Al-Si-Cu);
nitride of a metal material such as titanium nitride (TiN); a metal compound such as l’I‘ﬁ, ITO

containing silicon, or IZO.

: [0131]

- An electrode from which hght emilted from an EL Jayer is extracted is only required to
be formed by nsing a Light-transmitting conductive film, and a very thin flh’rl of metal such as Al
or Ag may be used as well as a metél compound such as ITO, ITO containing silicen, or IZO.
[0132] | '. |

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 pixe! electrode
50. 1In this embodimcll'lt,. ITSO, which means ITO containing silicon, is us_cd as the pixel
electrode 50 (FIG. 10A). |
[0133]

~ Next, an jpsulating film formed by using an organic material or an inorganic material is
folmed 50 as (o cover the insulating film 49 and the pixel electrode 50. Then, the msulatmg :
fllm is processed 'to expose the pixel clectrode 50 part.lal.ly, thereby formmg 'partmon walls 81.

As the maleral of the partition ‘walls 81, a photosensitive organic wmaterial (such as acrylu: or

polyimide) is preferable. Alternatively, a non-photosensitive organic material or inorganic

material may also 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
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 curvatures changing continuously (FIG. 10B).
[0134]

Next, a layer 82 including a light-emitting substance is formed, and an opposing

electrode 83 which covers the layer 32 including a light-cmitting substance is formed. Then, a
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light-emitting element with the iayer 82 including a light—cmiitiﬁg substance interposed between
the pixel cle:ctrode 50 and the opposing élcctmde 83 can be manufaciured, and light-emission
can be obtained by applying a voltage between the opposing electrode 83 and the pixel electrode
50. '
[0135]

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, alumiinum is
u'sed fora second electrode.

[0136]- '

The layer '32 including a light-emitting substance is formed by ev.aporation, ink-jet, spin
coating, dip coating, roll-to-roll mélhod, spultering, or the like.
[0137] ' '

In the case of an organic electroluminescent display device, the layer 82 including a
light-emiiting substance may be a layered ﬁlm: of layers having functions of hole transportation,
hole injection, elccirpnltrgnsportation-, electron injection, or light-emission, respectively, or a
single layer of a light-emitting layer. As a layer including a light-emitting substance, a singié
layer or a layercd film of an organic éompound may be used. ‘
[0138} _ .

A hole injecting layer is provided between an anode and a hole transporting layer. As.
tflc hole injecting iaycr, a mixed layer of an organic compound and a metal oxide can'be used.
This prevents short circuit between the pixel clectrode 50 and the opposing eléctrode 83 due td
unevenness which is formed on the surface of the pixel electrode 50 or a foreign substance which
is left on the surface of the electmde.. 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
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]

An oxide or a nitride of transition metal is preferable as a metal oxide, concretely,

187



10

15

20-

25

30

WO 2007/058329 PCTAIP2006/323042
28

zirconium oxide, hafnium oxide, vanadinm oxide, niobium oxfde, tantalum oxide, chromium
oxide, molyﬁﬁcﬂum oxide, tungsten oxide, titanium oxide, manganese m‘cide, and rhenium oxide.
[0140] '

As an organic compound, the following can be employed: an organic material having an

arylamino  group such as  4,4'-bjs[N-(1-napthyl)-N-phenylamino]biphenyl  (NPB);

4,4"-bis|N-(3-methylphenyl}-N-phenylaminojbiphenyl . - '(TPD),
4,4' 4"-tris(N,N-diphenylamino)triphenylamine : (TDATA),
4,4' 4"-tiis|N-(3-methylphenyl)-N-phenylamino]triphenylamine (MTDATA),
4,4’-bis{N—[4~(N,N—di-m—tolylamino)pt;enyl]-N-phcnylamino}biphenyl (DNTPD),

1,3,5-ris[N,N-di(m-tolyl)amino]  benzene (m-MTDAB), and _4,4;,4”-tris(N-carbazoly])
triphenylamine (TCTA); phthaiocyanmc (HaPc); copper pbthaiocyanmﬂ (CuPc) vanadyl -
phthalocyanine (VOPC), or the like.

[0141]

The hole transporting layer is provided between the anode and a light-emitting layer, or
between the hole injecting 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 cxccl-lcnt.
property of tram.sporting a hole, for example, a layer formed by using a compound of aromatic
amine (that is having a benzene ring-nitrogen bond) such as NPB, TPD, TDATA, MTDATA, and
BSPB The subslances mentioned here have the holc mobility of 1 x 10° to 10 cm Ns mam]y
Notc that a substance havmg higher transporting property of holes than e!ectrons 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.
[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 eclectron transporting layer are provided, There is no particalar 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

formed of a material (host material) having a larger energy gap then an energy gap of a
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lzght-cmlttmg substance (dopant material} which becomes a lummcsccnt center, while the other
is a layer in whlch a light-emitting layer is made of a light-emitting substance only. The former
is prcferablc, because concentration quenching hardly occurs.  As the Iight—emitting substance
HY] be a luminescent center, the following can be employed:
4-dicyanomethylene-2-methyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyran (DCITY;
4-dicyanomethylene-2-t-butyl-6-(1,1,7,7-tetramethyljulolidine-9-enyl)-4H-pyran; pcriﬂa'nthcnc;
2,5-dicyano-1, 4—bis(10—met‘imxy—1,1,7,7—lctramcthy1juloiidine—9—cnyl)benzenc;
I-\I,N'-dimcthquuinacridone {(DMQ4), coumarin | 6 cotmarin 545T; tris
(8-quh161inolatd)alumiﬁum (Alq3);" 9,9 -bianthryl;  9,10-diphenylanthracene  (DPA);
9,10-bis{2-naphthyl)anthracene (DNA); 2,5,8,11-tetra-t-butylperylene ('fBP); PtOEP; b(ppy)s
Btp;Ir(acac); FlrpiC' or the like. ' As the base .malcrial to be a host material jn the case of -
forming the layer in which the light-emitting substance is dlffused, the following can bc used: an
amhracenc clcnvanve such as 9,1G-di(Z-naphiyl)-2- tert—butylanthraccne (t—BuDNA) a carbazole
derivative such as 4,4'-bis(N-carbazolyl)biphenyl (CBP); or. 2 metal complex such as
ltis(S-quino]inolato)aluxﬁiqum (Alqs),. tris(4-methyl-8-quinalinolato)aluminum . (Almaqs);
bis(10-hydroxybenzo[h]-guinolinato)beryllivm - ‘ (Bquz);
bis(2-methyl-8-quinclinolaio)-4-phenylphenolato-aluminum ' (BAIQ);‘ :
bis{2-(2-hydroxyphenyl)pyridinato]zinc (anpz)A; or bis[2-(2-hydroxyphenyl)benzoxazolate]zinc
(ZoBOX). As the material whicl can constit-ute the light-emitting layer only_ witﬁ a
ﬁght—emiiting substance‘ tris(8-quinolinolato)alumiuum (Algs), 9,10- bis(Z-'naphtyl)anthracené
(DNA), b1s(2-methyl 8-qu1n0hnolato) 4—phcnyiphenolato—alummum (BAlq) or the like can be

used,

[0143]

An electron transporting layer is provided befween the light-emitting layer and the
cathode, or between the light-emitting layer and an electron injecting layer when the electron
injecting layer is provided. The election 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 (Algs),
tris(5-methyl-8-quinclinolato)aluminum (Almqs), bis(10-hydroxybenzo[h]-quinclinatojberyllium
(BeBqy), and bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (BAlq). In addition,
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a metal co-mplex having an  oxazole ligand or a‘ thiazole ligand such as
bis[2-(2-hydroxyphenyl)-benzoxazolato]zinc o (Za(BOX).),
bis[2—(2-hydroxyphcnyl)-benzmhiazblato]zinc {(Zn(BTZ)y), or the like can be used. In addition
to the metal complexes, 2—(4~biphenylyl)~5-(4—terl-butylphenyl)-1,3,4-0xa§iazolc (PBD);

1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yijbenzene (OXD-7);
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2 4-triazole . (IAZ);
3—(4-tcrt—butylphenyl)—4-(4wcthylphcnyl)—S«(4-biphf:nylyl)-l 2,4-triazole (p-EiTAZ);

' bathophenanthrolme (BPhen); bathocupromc {BCP); or the like can be used. These substanccs

mentioned here mamly have the electmn mobility of T x 10 to 10 em*Vs. Note that other
substance may be used for the electron transporting layer so long as nA has a higher eleciron
transporting property than a hole lrlansporting property.  Further, the electron transporting layer -
may be formed by not only a single layer but also a layercd'_ film in -which two or n:iprc layers
made from the abé)vc mentioned substances are stacked.

[0144]

The electron m]ectmg layer is prov:df-,d between the cathode and the clectron
transporting layer. As the electron m]ectmg layer, a compound of alkah metal or alkaline earth
metal such as li.thmm fluoride (LiF), cesivm flyoride (CSF), or calcium fluoride (CaF,) can be
employed. In addition to that, a layer formed by using an electron transporting substance which
contams alkalj metal or alkaline earth’ metal, for example, Alqsy containing mag;nesmm (Mg) or
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.
[0145]
A fluorescent substance in which a donor impurity such as Cl (chloring), ! (iodine), or
Al (aluminum) js added with Cu (copper) in ZnS can be used.
{01473
As the dispersing agent, the following can be employed: a polymer having a relatively

high dielectric constant such as cyanoethyl cellulose based resin, polyethylene based resin,
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polypropylenc based resin, poiystyrenc based resin, silicone .resin, cpoxy resin, vinylidenc
fluoride rcsﬁx, or the like. The dielectric constant can be adjusted i:y mixing the tesin and
minute particles having high dielectric constant such as BaTiO; (barium titanate) or SrTiO;
(strontinm titanate). As a diffusing means, an witrasonic diffusing machine or the like can be
used. '

[0148]

A dielectric layer may be provided between the layer 82 including a light-emitting

 substance and one of the electrodes. For the dielcctric layer, a highly dielectric and insulating

Fd

_material which has a high dielectric breakdown voltage is employed. One is selected from a.

metal oxide or nitride, for example, TiOs, BaTiOs, SrTiOs, PbTiOs, KNbO;, PbNLO;, Taz05,
BaTa0g, LiTals, YzOg, Al Os, Z'IGZ, AION, ZnS, or the like. Those may be disposed as a -
uniforin film or a film havin g a particle structure. . |

[049] :

[n the casc of an inorganic electroiuminesceht display device, a double-insuliting
structure in which a Iigl}t-cﬁlitting 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 carth element, and the insulating layer can
be formed by using oxide or nitride such as Si3N,, Si0s, Al 05, or TiOz_.

[0150] o |

l A silicon ‘oxide_ .ﬁlm containing niirogen is forned as a passivatio_n 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 Sits,
N30, and NH; by plasma CVD; a sili-con oxynitride film formed by using SiHy, and N2O; or a
silicon oxynitride film formed by using a gaé in which SiH, and NO is diluted with Ar,

[0151]

A silicon oxide nitride hydride film manufactured from SiHy, N2O, and H; may be
employed as a passivation film. Note that a passivation film is not [imited to the
aforementioned snbstance. 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

strocture,  Further, a multilayer film of 2 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-likc
carbon film may be formed. '
[0152]

Then, a display pqrt:'on is sealed to protect a light-emitting element from a material such
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 t0 expose an éitemal

connection portion. A space between the opposing substrate and an element substrate may be

“filled with an inert gas such as dry nitrogen, or the opposing substrate may be attached by

applying a scalant to the pixel portion éntilely. It is preferable to use an ultraviolet curing resin
or the like as the sealant. A drying agent or particles for keeping the gap i)etwccn the substrates
constant imay be mixed in the seala.nt. Then, the light-emitting device is completed by attaching
a flexible wire board to the external connection portion, | '
[0153] |

One cxample of a structure of the light-emitting device manufactured as described
above is shown refcrring' to FIGS. 11A and 11B. 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 oceasionally omitted. |
[0154]

FIG. 11A shows a structure in which the ﬁixel electrode 50 is fommed using a liéhl

transmitting conductive film, an;l‘ light gencrated in the layer 82 including a light-emitting

substance is emitted toward a substrate 1. Further, refcrence numeral 86 denotes an opposing
substrate.” - This opposing substrate is firmiy attached to the substrate 1 using a sealant or the
like after forming a light emitting elnﬁncnt. A space between the opposing substrate 86 and the |
element is filled with resin 85 having a liéht—transmitting property or the like to seal the light
emitting element.  Accordingly, the light emitting clement can be prevented from being
deferiorated by moisture or the like. Preferably, the resin 85 has a hygroscopic property.
More preferably, 2 drying agent 84 with a high light-transmitting property is dispersed in the
resin 85 to prevent the adverse influence of moisture.
[0155]

FIG. 11B 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 havmg hght—transmlttmg property.
Accordingly, hght can be emitted toward both the substrate 1 and the opposing substrate 86 as
shown by an arrow of dotted lines. n this structure, by providing polarizing plates 88 outside
of the subsirate 1 and the opposing substrate 86, a screen can be prevented from being
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 vi(;leo signal. If a digital video signal is used, the video
signal may use cither a voltage or a current. ‘

[0157) | ' |

" When the iighl—emitling element emits light, a video siig.nal to Bc inputted to a 'pixel may
have either a constant voltage or a constant curtent. When a video sigoal bas a constant voltage,
a constant, voltage is applied to a light-emitting element or a constant -currcnt fiows through the
light-emitting element. ' '
[0158] | _

Also, when a video signal fnas a.consiant cutfcnt, a constant voltage is applied t_()'a-
light-emitting clement or a constant current flows through the light-emitting clement. A driving
method where a constant voltage is applied to a light-emi’tting clement i5 called a consta{nt
vdltage dtive Meanwh;le, a driving method wbere a constant current f[OWS thmugh a
hght—emltt.mg element is called a constant current dnve In the constant current dnve, constant
current flows regardless of change in resistance of a light emitting element. The light emitting _
display device according to this invenﬁun and the driving method thereof may use any one of the
aforementioned methods. &

[0159]

In the light-emitting device, a gate insulating film is not etched, and the characteristics
of the light-emiiting element is not unstable so that its reliability is high. In the case of using a
top gate semiconductor device, since a glass 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

characteristics is not diffused from the substrate into the semiconductor film so that high
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reliability is obtained.
o160]
Al is used for a part of the source elecirode and the drain elecirode, thereby achieving
lower resistance of a wire.
[0161] 7
A pixel circuit and a protective cifcuit included in a panel and module, and opéraﬁon

thereof are shown referring to FIGS. 12A to 12F and 13 or the Hke. FIGS. 10A and 10B and

' liA and 11B each show a cross-seciional view of a driving TFY 1403 of the semiconductor

device. - A switching TFT 1401, a cur;"cnt control TFT 1404, and an eraser TFT 1406 may be
manufactured at the same Atimc of the driifing TFT 1403, and may have tht;. same structure as‘the
driving TFT 1403, |
[o162) . )
A pixel sﬁown in FIG 12A includes a signal line 1410 and power source lines 1411 and

1412 arranged in a column direction and a scan line 1414 arranged in a row direction. The
pixel further includes a s;;vi_tching TFT 1401, the drdving TFT 1403, the current control TFT 1404,
an auxiliary capacitor 1402; and a light-emitting element 1405. o
{0163}

A pixel shown in FIG. 12C has the same structure as one in FIG 12A except for that the
gate electrode of the driving TFT 1403 is connected to the power source line 1412 pwvidcd'in

the row direction. In other 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 column 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,
atiention is paid to a wire connected to the gate electrode of the driving TFT 1403, and the
structure is shown separately in FIGS. 12A and 12C in order to show that these wires are
manufacturcd with different layers.
[0154]

As a feature of the pixels shown in FIGS. 12A and 12C, the doving TFT 1403 and the

current control TFT 1404 are connected serially within the pixel, and it is preferable 10 set the
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channel length L (1403) and the channel width W (1403) of the driving TET 1403, and the
channel Icng;h L. (1404) and the channel width W {1404) of the current éonirol TFT 1404 so as to
satisfy L (1403)/W (1403):L (1404)/W (1404)=5 to 6000:1. '
[0165]

The driving TFT 1403 operates in a saturation region and serves to control the carrent
value of the current flowing into the light-émitting elqment 1405. The current contrclvl TFT

1404 operates in a linear region and serves 1o control the current supplied to the light-emitting

‘ ciement 1405. Both the TF1s preferably have the same conductivity type in the manufacturing

proccss_;‘and the TFTs afc n-channel tyl.m TFI5s in this embodiment. The driving TFT 1403 may,
be either an enhanccmént‘modc TFT or a dé‘plction mode TFT. Since tﬁe current conlrol TET
1404 operates in the linear region m the light-emitting device havingrthc above structure, slight
fluctuation of Vgs' of the current control TFT 1404 does n'pt. affect the current valuc of the
light-emitting element 1405, That is to say, the current value of the light-emitting element 1405
can be determined by the driving TFT 1403 opf:rating in the saturation region. With the above
structure, the variation of the luminance of the light-emitting element due to the variatiun bf the
characteristics of the TFT can be remedied, thereby providing a light-emitting device havingl
improved image quality. o

[0166] | ,
In each pixel shown in FIGS. 12A to 12D; the switching TFT 1401 is (o control the

input of the video signal to the pixel, and the video signal is inputted into the pixel when the

‘switching TFT 1403 is turned on. Theh, the voltage of the video signal jis held in the auxiliary
capacitor ' 1402. Allhgiugh 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
necessarily provided.

[0167]

A pixel shown in FIG 12B has the same pixel structure as that in FIG 12A except for
that a TFT 1406 and a scan line 1415 are added. In the same way, a pixel shown in FIG. 12D
has the same pixel structure as that in FIG. 12C expect for that the TFT 1406 and the scan line
1415 are added.
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[0168)

ON and OFF of the TFT 1406 is controlled by the additionally ﬁrovided scan fine 1415.
When the TFT 1406 js turned on, the charge held in the auxiliary capacitor 1402 is discharged,
thereby turning off the current control TFT 1404.  In other words, by the pravision of the TFT
1406, a statc can be produced compellingly inl which the cument does not flow into the
light-emitting clement 1405. For this reason, the TFT 1406 can be referred to as an eraser TFT.
Consequently, in the structures shown in FIGS. 12B and 12D, a lighting period can be started at
the same time 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 b’c increased.
[0169] .
- In a pixel shown in FIG £2E, the signal line 1410 and the power source line 1411 are -
arranged in the column direction, and the scan line 1414 1s ananéed in the row direction.
Further, the pixel ilncludcs 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 pixcl

‘structure as that shown in .FIGL 12E except for that the TFT 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. '
[0170]- ‘

Such an active matrix light-emitting device can be driven at low voltage when the pikcl
dénsity inqcascs, .bccau‘ée‘ the TFTs are provided in respective pixels. - 'I‘heréfoﬁ; it is
considered that the active matrix lig;ht-erﬁitting dcvico;,' is advantageous. - - ' |
[0171] ' |

Although this embodiment described the active matrix light-emitting device in which
the respective TFTs are provided in rcspcctivc pixels, a passive Vmalrix light-emitting device can
also be formed. Since the TFTs are not provided in respective pixels in the passive matrix
light-emitting device, high épcrturc ratio can be obfained. In the case of a light-cmitting 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]

Subsequently, a case will be descrbed 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 eﬁuivalent circuit shown in FIG.
12E, ) '

[0173] . .
In FIG, 13, the switching TFT 1401, the driving TFT 1403, the auxiliary capacitor 1402,
and the light-emitting clement 1405 are provided in a pixel area 1500. Diodcs‘ 1561 and 1562
are provided on the signal line 1410. o the similar way to the switching TFT 1401 and the
driving TFT 1403, the diodes 1561 and 1562 are manufactured based on the above embodiments,
and have a gate clectrode, a semiconductor layer, a _sourcclclcctrode, a drain electrode, and the
like. The diodes 1561 and 1562 are bpcrated as diodes by connecting the gate electrode with
the drain electrode or the source electrode. '

[o174] '

Common'potcntial lines 1554 and 1555 connecting to_the diodes 1561 an({ 1562 are
formed by usingl the same layer as the gate electrode. ffhercforc, in order to connect the
common potential lines 1554 and 1555 with the sourcé electrode or the drain electrode of the
diode, it is necessary to forlrn a contact hole in the gate insulating layer.

(0175} | |
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 nianner, ‘p,rotection diodes can be simultaneously formed. in an ‘inli:mt stage
according to this invention. Fﬁﬁher, the positioné of the protection diodes are ot Limited to lhif;,
and they cén be providpd 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.
12E is described in FIG. 14A. In addition, the same equivalent circuit ag that'in FIG 12E is
shown in FIG 14B. Each semiconductor device shown in FIGS. 104, 10B, 11A, and 11B is
comresponds 1o each driving TFT 1403. FIGS. 10A, 10B, 11A and 11B 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

using the first conductive film, and the soutce electrode and the drain electrode of the driving
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TFT 1403 ate formed by using, the sécond conductive film.
[0178}

The switching TFT 1401 is manufactured by the same method as the driving TFT 1403.
The drain clectrade of the switching TFT 1401 and a gate electrode 40 of the driving TFT 1403
are connected electrically with each other through a contact hole formed in an in;suiating film in-
the same layer as the gate insulating film 42, '
(0179]

‘ The auxiliary capacilor 1402 is formed by using a portion where the gate electrode of
the driving TFT 1403 is extended, the pfower source line 1411, and an insulating film in t'he same
layer as the gate insulating film 42. .

[0180] | '

* A light-emitting region 1420 is formed in an opcnihg_ poﬂibn of a partitioﬁq wall §1.
The partition wall I81 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 making the
comer portion of the Dpclni’ng portion of the partition wall 81 rounded, the comer portion of the
light-cmitting regjon 1420 can be rounded. -When dry etching using plasma ‘is performed to
process the partition wall -81, generation of fine particles due to abpormal discharge can be
suppressed by making the corner portion rounded. ‘
(0181] _

. This emhddimenf can be combined with a suitable structure of the above embodiments
as approprigtc. . ‘ .

[0182]

~ [Embodiment 7}

As an electronic device having semiconductor devices according to this invention
mounted with modules shown as examples in thé above embodiments, a camera such as a video
camera or 2 digital camera; a goggle type display (a head mounted display); a navigation system;
an andio reproducing device (e.g., a car audio component); a computer; a game machine; a
portable information terminal (e.g., 2 mobile computer, a cellular phone, a portable game
machine, an electronic book, or the like); an image reproducing device equipped with a

recording mediom (specifically, a device which can repreduce the content of a recording medium
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such as a digital ;fersatile disc (DVD) and which has a display for displaying an image stored
therein); and the like can be given. Spccific examples of these electronic appliances are shown
in F1GS. 15A to 15E, and FIG. 16. .

[0183]

FIG. 15A shows a monitor for a television receiver of a personal compﬁtcr, or the like,
including a housing 3001, a display arca 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 invcntioﬁ_wil_h this siructure, a television with less characlcristic'
deterioration can be obtained.

[0134] _

" FIG. 158 shows a cellular phone, including a main body 1}101; a housing 3102, a display
area 3103, an andio inpﬁt portion 3104, an audie output poﬁion 3105, operation keys 3106, an
antenna 3108, and the like. An active matrix display device is provided in the display area
3103. Each pixel of the fiiSplay arca. 3103 includes a semiconductor device manufactured in
accordance with this invention. By using the semiconductor device of thi; invention with this
structure, a cellular phone with less charactcﬁstiﬁ deterjoration can be obtained.

[0185]

FIG. 15C shows a computer including a main body 3201, a housing 3202 a dlsplay area
3203 a kcyboard 3204 an n external connection port 3205, a pointing mouse 3206, and the like.
An active mairix display device is provided in the dlsplay area 3203. Each pixel of the dlsplay'

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.”
[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 mairix 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

semiconductor device of this invention with this structure, a mobile compuler with less
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characteristic deterioration can be gbtained.
(01871

FIG. 15E shows a portable game machine, including a housing 3401, a display area
3402, speakers 3403, operation keys 3404, a recording medium insert portion 3405, and the like.
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

' v;rith less characteristic deterioration can be obtained.

[0188]. _ .

FIG. 16 shows-a flexible display, including a main body 3.1'10., a p'ixel area 3111, a driver
IC 3112, a receiving device 3113;.21 film buttery 3114, and the like. The receiving device can .
receive a signal from an infrared communication port 3107 of the_ abm.rc described celli_ilar phene.
An active mairix 'display device is provided in the pixel area 3111. Each pixel "of the pixel arca
3111 includes a semiconductor device manufactured in accordance with this invention. By
using the semiconductor device 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.
[0190] -

Tl_lﬁ present application is based on J apancsé 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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CLAIMS

1. A semiconductor device comprising;
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
iﬁlpurjty over the first film; and ’
- & third film comprising the lraﬁsparent semiconductor material over the second film and

the gate insulating film..

© 2. A semiconductor device according to claim 1, ‘wherein the gate insulating film

1
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 iransparent 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 the second film;

a gate insulating film over the third filin; and

a gate electrode over the gate insulating film,
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6. A semiconductor device according to claim 3, wherein the insulating film comprises

silicon oxide or silicon oxynitride.

7. A semiconductor device aceording to claim 5, wherein the metal material is aluminum

|

or aluminum alloy,

8. A semiconductor device according to claim 5, wherein the transparent semiconductor

-material js zinc oxide.

9. A'manufacturing méthod of a semiconductor device, oor.nprising':
forming an insulating film over a substrate;
- forming a first film comprising a metal material over the i.nsulz;\ting film; )
forming a second film comprising a transparent scmi@t;nductor material and an n-type or
p-type impurify 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 thisd film comprising the transparent semiconductor matedal over the

second film and ﬂle_insulalfng film after the step of etching the first film.

1. A manufacturing method of a semiconductor device according 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 alumipum or alumioum atloy,

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 manufaciuring method of the semiconductor device according to claim 10,

wherein the transpatent semiconductor material is zinc oxide.

16. A manufacturing method of the semiconductor device according to Claim 9, wherein

- the eiching of the second filim is wet etching.

I3

17. A manufacturing method of the semiconductor device accprdiﬁg to Claim 9, wherein

the etching of the second film is wet etching using a buffered Quoric acid.

18. A ma;mfacturing 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 secording to Claim 9, wherein

the etching of the second film is performed by dry etching using CHj gas.

20. A manufacturing method of the semiconductor c[cvnce according to Clalm 9 whcrcm

the ctchmg of the first fllm is performcd by wet etchmg

21. A manufacturing methad 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 methoed of the semiconductor device according to Claim 9, wherein

the etching of the first film is performed by wet etching using TMAH (tetramethylammonium
hydroxide).
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24. Amanufacturing method of a semiconductor device, comprising:
forming 2 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 compﬁsing a ranspafrent semiconducior material and an n-type of
p-type impurity over second film,
‘ clching the second film, and

,etching the first film.
25. A manufacturing method of the semiconductor device according to Claim 24, further .
comprising forming a third film comprising the transparent semiconductor material over the

second film and the gate insulating film after the step of etching the first film.

26. A manufacturing method of the semiconductor device according to claim 24,

wherein the gate insulating film comprises silicon oxide or silicon oxynitride.

. 27. A manufacturing method of the semiconductor device according to claim 24,

wherein the metal material is 2luminum or aluminum alloy:

28. A manufacturing method of the semiconductor device _accordfng to claim 24,

wherein the transparent semiconductor material is zinc oxide.

29. A manufacturing method of the semiconductor device according to claim. 24,

wherein the substrate is a glass subsirate,

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.

32. A maopufacturing method of the semicorductor 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 according 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 usiﬁg CHa gas.

35. A manufacturing method of the semiconductor device according to Claim 24,
wherein the etching of the first film is performed by wet etching,.

36. A manufacturing method of the semiconductor device 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 performed by wet etching using an organic alkali solution.
38. A manufacturing method of the semiconductor device according to Claim 24,

wherein' the etching of the first film is performed by wet eiching wsing TMAH

(tetramethylammonium hydroxide).
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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 fiim, 8: third conductive fiim, 9: {resisl mask, 10: source electrode, 10a:
source electrode, first conductive film, 10b: source clectrocflc, secand conductive film, 11: drain
clectrode, 1la: dr‘ain glectrode, first conductiyc film, 11b: 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: rcsis"t mask, 25: source electrode, 25a: source electrode, first conductive film, 25b: source
electrode, second conductive film, 26: drain electrode, 26a: drain electrode, first conductive film,
26b: drain electrode, second conductive film, 27: semiconductor film, 28: gate insulating film,
29: gate electrode, 30 insulting film, 40: gate electrode, gate wire, 41: auxiliary capacitor wire,
42: g,étc insulating film, 45: source ¢lectrode, 45a: source clectrode, 45b: source clectrode, 46:
drain electrode, 46a: drain electrode, 46b: drain clectrode, 47: source wire, 48: scmicohduﬁtor

fitm, 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:

subs;trate, 62: gate wire dﬁvcr circuit, 62a; shift register, 62b; buffer, 63: source wire driver '
circuit, 63a: shift register, 63b: buffer, §4: active matrix poriion, 63: semiconductor device, 66:
liquid crysfai portion, 67: auxiliary capacitor, 68: video lin;:, 69: analog ‘switr;h, 71: source wire,
72: gate wire, 73: auxiliary capacitor wire, 75: sealant, §1: partition wall, 815: -end surface, 82:

layer mcluding light-emitting substance, 83: opposing clectrode, 84: drying agent, 85: resin, 86:

-opposing sﬁbstrate, 87: protective film, 88: polanzing plate, IOO:Iauxiliary capacitor, 1000:

substrate, 1001: source electrode, 1002: drain electrode, 1003: semiconductor film, 1004: gate
insulating film, 1005: gate electrode, 1006: base film, 1401: switching TFT, 1402: auxiliary
capacitor, 1403: driving TFT, 1404: current control TFT, 1405: light-emitting element, 1406:
TFT, 1410: signal line, 1411: power source line, 1412: powér source line, 1414: scan line, 1415:
scan line, 1420: light-emitting region, 1500: pixel portion, 1554: common potential line, 1555:
common potential line, 1561: dicde, 1562: diode, 1563: diode, 1564: diode, 1565: common
potential line, 1566: common potential line, 3001: housing, 3003: di;splay atea, 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 poi‘t:'on, 3112: driver IC, 3113: receiving device, 3114:
film buttery, 3201: main body, 3202: housing, 3203: display arca, 3204: keyboard, 3205: extcmal
connection port, 3206; pointing mouse, 3301 maiﬁ body, 3302: display area, 3303: switch, 3304:
operation keys, _;»305: infrared port, 3401: housing, 3402: display area, 3403: speakers, 3404:

operation keys, 3403: recording medium insert postion

’
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film to which an n-type or p-type impurity is
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R EAmA .

15. AREAF)|ZR106G F F R BHGHE T, X, EHY
* Skt R A4,

16. BBERABRIGESABHGHEFH, £+, HRE=
A PR Ak B 2R AR,

17. BRERABRIOGESASHHRFE, £F, HRE=
B & BT i 5k 20 2 4 ) 2 0k 64 AR 60 R 1k A

18, FRERA B KON EFRBAGHEF R, P, BEFH
R HATAT R B PG BT AR

19. WBRABRINEFABHEHEF %, L, BitsA
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CH, A Tk JATAT A 8 ey ATk bk A,

20. MEFERA BRI FFABH 4IRS H, X, SdEMK
R BEATHT IR B — R R AT AR A .

21. RBRFEROGFFRBHGHETE, P, BEEA
B FREBABEN B RR BAT TR S — B AT Al .

22. BRELRHERIGFFEBAGHET X, L, BiirA
A AR R AR D AT F — R AT iR phA .

23, RERABLINFFRBAGHESE, HF, BdEA
TMAH (W F & § A 44k) 898k 47 AT R 5 — IR 49 AT 4k A) .

24, —#FFARBHGRET &, CHEATIR:

AT RZ LT B

B BT IR AR 2 b R A

B BB BB L L7 8 644 & e 5 —K;

AR B B RS ERFF A ApR RA 4
%R "

PR PR S R, Fo

bk ) Bk B —HE.

25. BRBERAE K240 F FERBF G RRF E, TEBAKIA
RE—BATRZEEMRS — R EMBREZ LB R ESHE
F A F PR R 2R

26. RABRAZR214G FFHRBH LT E, v, FArEME
S a4 8RR,

27. BRPAERU4GFFRBHNFETEH, EF, Fideh
MR 2R EAE.

28. BERAEZRUHGFFEBEGFETZ, L7, AREN
F kA A RS,

29, MBRAE L4 FFRBAGMET XK, £P, FRME
A B AT

30. BERFELHFFHRBHOFEFT &, LF, AHEENR
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F kAR R,

31, ARBAH B RSK F PR BA N HET &, LELEEATFR:

BERRE =X LW AMBLGIE,;

FEFFRMBERZ R,

32. MERAER24GFFEBHRETE, ¥, BBk
R SATHFE S B AT Rk R],

33. MBEBMAER248F FAREBFHET X, LF, EdRA
B AGARRYERIATAREF EG AR A,

34, REBAHERUGEFEBHGREFTH, LT, BdEA
CH, A ARG -T Ak &) 4T BT ik 5 — B 64 P iR 4 A1,

35. RBAAER24EFFRB4GERFE, b, SLE%
2 AT AR S — &G BT A

36. WMERAER UG FFHBH0EEFTE, L+, BdEA
AT ARG BEHH G BARR TR E R tka),

37. BERAERUGFFERBFGETH, XF, AR
A AR 6 B Ak A BEAT AT B — B eh ATk bk A,

38. RERAER4GF T ERBAGHEFT X, LF, BEEA
TMAH (O F A S804 ) BRI BT B — B AT iR kA
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F G BH AL RE T %

AR R
AEATERRAZINO (8M4) ¥ P HRBHALH T .

FEA

— B it A a-Si (FEShAE) Rpoly-Si () HAATESR
BEFEREL (LHELA) BEFEAREFTORGFFEBH, HlTFT
(ERABHE) SF TN FFhBHE.

Si () REAA KNG W (Hlde, 2 HAEN1eV) HFBERBKTHL
K. BEARRH, ESIPHERLTFRER (BRAET) . RBAS
BEA FTFFHAEH RER, MARRAEOFFRATELLEBELA LR
HEABHBRBEB P FERATF. T2, LAMNGREBREFRRE
Z @R, EOFFRA T AT 8 AR L“OFFRB LA, R
ARG, FLEFEHRRER L. Hib, HALFEBARLL
FRHSiB, 28, aFERRATR. LA FRAmR TR, Hi,
YBARAREEEY, TLEFEE.

A TR ZFM, XE2AEMAE (Zn0) HERLEE, Z4
A LA LSIH F K3 4e VR KW F ey F 54, X TXFE
WRAE, FHLTILAF F ARG, HFETRARRBK, Bk,
T EA LA X RA I OFF A & 7R3 még 45 5.,

Blde, EIFRIHFITAF TAHTAHAEY AR BEMZnOH FF
hB. RREATAHPRAZnON ¥R EBF6h4H4.

B TAY 8 ¥ 5 R B4 £ o3 3B AT R B SEATRI000Z L LA
B EA1001. FHRI1002. HEE N H R SE1001F0 R LR 10028 5
) Zn0 A 1003, & & EZnOE1003Z LA E4 E 100454 9481005,

T R w1001/ R B4R 1002, A FEEGZn0. FEEZn0H
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REATHAETTO—F: EHAFMEKALENB (M) . Al (&) .
4 (Ga) . 48 (In) &T1 (48) ; AFVIRAEZHF (AR) . O
(R) . Br (i) RI1(#); ARAEAEHNE (Li) . Na(4) .
K(47).Rb(4r) RCs (4) ; ABZVEAETHN(R) . P(B) .
As (FF) . Sb (&) HBi (&) .

[(BFXH4] B AMTFE# ¥ No. 2000-150900

AAAE

WBLALPHEAANRYE, B7T B2 HBRBTAF T
TR 54k B 45 60 5 B AL 1001558 wAR1002 8 ALK 1000E — 2 LT
HBOARE . B AR TS R AL AL AT R 1000 L4 A BAL AR AR X, B, R 408 BE
A EBEI00669 45 LT, B ABA A AT AT A 10009 2 B 2 — 2
ATHMEL. B3, EATBAFRGEAMFFEEFQHLT, BFT
% 38 3 Ak 2] 7 AR AR 1001 A & AR 100288 14 B f b AR & B A
ACHE LTS B A M 4B R B 100444k 2]

ERAMFFARSHFGELT, HEBAK100088 34 A it
JEE 5 B R AERE Y AR 0 A BL100640 A &) B, 33de 4369 R AT R 1000
F ¥ F 31003 F, REHEEL.,

ERWMFFAZA (A7) GHRAT, wREBEEAB AR E
100175 BB 10020 MR 4840 K 10043840 ), AF 245 ARG HF
H§ MR, '

FREBA LA, AEBB T, RARPETAET R R ERR
AZnOF FHBF B TR OB FREMERA LT Blon® HpB £
R ZnOBR &R - & 82 o R F AR BN AL HliEF ik,

AEPHFFARBUHG—AFTERLA: ERLAERE R ILAR
X ESAURRAIS S EARKAIS SR L P FmnE Kp
BEMRGZInOE, FHLAH b <7, «ERALEB, “AlEE”,
CAIS- A FCZnOBE a3 Ek & G fAAENEK, ot i RiaEy
B, GAAIME. €4A142HER 04 Zn0ME.
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AEPHFFRBHN—AFOER: EWERZ L eyB bR A
EMRBEIARAERY RO WMEEE. EMERBEX EGAIRS A
AAE. EAVERAIS4BEZ Eoy R+ Fmnll HpR £4 4ZoOB.
AR T i Amnd ApH &7 ) ZnOB A 46 44 SR L 6 ZnO¥ &
PRk .

AL RGESEZHG—AFTOLA: ARSI A KRB
Z FABERAIS A . AAERAVSEB Y 8§ il SpR
LR HINOME . A EALAER Y, A KA o 3L b Fodon B RpB R4
InOBZ LR ZnOF FE. AZnOd S L eyt ik, ok
Wb oA,

ARG FFRBHGRNETEH—AFTREAATIR: BA
GBS AR IAEE, FALEERERILEEL T BABHRAL
AsME, EAVBRAISAEZ EHBALFHFnB K pR RFHZn0
B, AF, 29 FenR RpBR LAY ZnORE TR — A Bk Ay R
HERBR, HFHLAERASEEETE B ikdh B4 HRY

ALZROEFARBHAHRT G —AFE, FoF, EF =42
25, AEPHAn® ApB LA GZnOME, o RALER K R R AABE
Z LB ARInOF FRE,

EEMESFERBHAERLT, EHAMERZE, EMeiRZ L
7 ARt A BACALRE B R R AR 69 W e SRR '

ATMFEFERERHGHELT, EHRZaOF S HEZETH AME
Y BE S LT B A

FE G F— k2] T R BRI

AE A B —4k ) T od R AR A B A 0h SR ER & B4R AL,

A K F—4kZ T A R T 4kAl,

AEAE AT ARMEACH, (F5) A4 eyTrkal.

AR oG B kBTl R B ARA]

AERHGE A TARER AR EHERG T L.
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A B o B =k ST A R AR AT ALaRIE 4G IR kA

AEPEE M TAZREATMAH (9 FESAE) B4k
#l.

AEAHFFERBEHH—AFTEHEA: WM. AWML L&
MBGENE., EMBGEZ FHOSEEMFNE B, AR KX L
HesERFFEAR oV ApB HRG R B, ARES —BfR
B2 ey a8F R F TR R B,

FEAGEFRBHY—AFEER: BRI LHLER. £
BGEBRZ P ACSEEMANE . ALEBRI LB OSENSF
BHHAFn R ApHERGFE R, ELGEFF R FHaLEN
FEAMAG R B, EE B PAMESE,. PAMEREREZ L
&4 M, 4R

AEAGLEARBY4OHE T G —AFTERLA AT TR A4
BRLIBBRGBEE, EAEBZ IHROSLEMAOE IR, AF
—BZ P HAROAERFF AN S p AR AR, AR
ety A G 3

AEAHFEARBHONRFTE(—ANFTEHAAATIR: A4
B LM BMBM, EMGHL LB RMLHE; EWMEREZ LH
ROSEBMFHE—E; BB ¥ AOSERF MBS
nM SpHRF e H B, AT B bkl SR,

ERMESFEEST, SdEARBETR, RASRIARNE
BT B0 AR Rk R, EE de sy R RAAS AT BB SR
¥, HFREERS N,

EEMFPFAREST, LR AN FELFERLERR
AAE.

& F 3t F R AL A B LA — IR - A AL B ST A KA R f
#3 4.

B 19
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EWEAT,

B1AFBIBATAL R G FHEH;

E2A~DEAF AL AGF TR BEHOHE TR,

H3A-3DAFTAL NG F 2R EMF G & TR,

H4Afe B4BA T RE U o) -4 B4 6 FliE T3,

B5A-SDAFTAL AN FHBHOHNETE;

B 6A~6CR T ALK FFHREFHRETR;

B 7A%0 B TBA T HF ALY H)F;

HeAfBSBATREZEFHZNHETE;

HoAF B IB R TR &4 BT R4 FIK;

B10AREB1BATLAZHOHETR;

A1IARB1BATEABH MR TR,

B12A~2F5- R A TR A B G FR L.

B3k TEABHHFRGHE,

H14AAFRER>OWHRAANE, BUBATEAABRFHFR
W, % ;

B 15A~1SES A TERALARAGLFEENHAT,

B1ehTHEAFLAGETEENHT.

ATHEBHBAALLAGE®ES. 28, FAATRTATH
B, FEAMBBERARRESERTALRIT BARXAMNR QA
REBAHEF TREHFRAGEHXEAF G ERAF T, B, RE
PR S AR A T el T4 &G KM 69 3LEA.

B EHRTF X,

(41

X E W R R B,

EIARFHE AL ARG EHRGG—AFTFHABE. EEBIAT,
W B ARt 1R F AT A, IRFMEM, SRFMALE. 10 THRER,
10aRkTE—F 9B, 0bAFE -—FEE, NATFTRELKE, 11aAFH

10
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— SO, 11IbAFEFOE, BEAFFFERE. TLAF FEREL
Z F RS TS T B s R, .
 EARIZ BB AM RS, AMeR3X L AMSEES, A

MBS R BE 10 R, RERI0GEFR—F 4
B10ah & — S E10b FEBRT A, FLBERUBAFHE—F &
Bllab F -GS LB RERBR. TRAEE —FLEI10aFF —§
LEINWZHREFLESE PR —F BRI ERE =
WAk, SRR A 10FRE AL 1LT 9 8 AR 4 B 1 4 S 5 5 M A3
LEE. EROHIOZ LHRFFARBEIIFLEMBEESZ LB AR
wAR11,

REH B,

(1) &

2t T RAT K, T A it Al BB AT AT AT R e &
HBHBEEHAFPTAEEE TRy RALEZZ R HBHANREF, £
s F A EVER BHARGHEALT, TAEAPC (RHBRE) . PES
(FEa) . PET (B RX V8L —8) APEN (RE-_FHT -
&) ¥F. ARHANAGHERLT, TUEARGY EFRELNERAFMN
EVANAAREEE, EARRANNESEBIEMR LA L A
LEHRGREWHFALT, TAEACMPFRAM R AR LG T
BACZ BRRA B R T ARATRIZ LB R A T B #K AT A
eyt 8 (Siox) « f4bs (SiNx) « A f4L2 (SiOxNy)
(x>y) FeREMARE (SiINxOy) (x>y) B,

(2) #did

A RAl (48) BE, W (45) B, Mo (48) f&, Ta (4&2)
B, Ca (4A) BE. Ti (&) BERALXBAETHSIERINEEH
H (Flde, AL, MoW (E48) 448) FHAM M. Tl
BABEEHwP (B) GRAAENS hAEBAIRANFEFHRE,
MEMITUARLEEIXTERHERES ENBEE.

(3) Wi nd

11
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T v AR e SR e SRR G4BT 2R

S BGET RM B EES, H5b, ETURREREEM,
(4) Bopiain

BOMIOG R —F LBR10a5 F —F L BEI0bK R EBRB R, L
REMIGF —FER11as5 F o FLE1bS B EBEY A

HAHE—F R, TMEAABE. #4AINi (84 ) BEMAING

(dese ) BOAIS 2. AR LB, TREARFHWB ().
Al(48) . Ga(48) . P(B}) R As (A) #pR EnB LA 7200 (A
M) . TUAE—FLBEFE S LBZNEE#bTiEGS AR
HAHAF =GR,

(5) FFAB

R IO R FFHRE, B TFE5FFAREBRG R LRI F
BEAREFHRIpH SnR! A HZoOME, ARENTARE HEF
TR,

(6) 4%

BRREFTE, ATRAEFEFERBEIZZ LH R # s $ia
AR . TR A B4bAE (Si0x) . RALA (SiNx) . &R/
A (SiOxNy) (x>y) =R E4LA (SiNxOy) (x>y) . SOG (3%
#mE) BAAHGARBRIEMNGBERE.

BERMFFAEF T, WES B Rk, FRR
BALERFRE, M TROBFRLRG—FNSMRAAL HLER
R A5 .

[5:364)2]

X P PR R B

HIBRFH AL A ZRA G- AN FHRGE, £BIBT,
B AFILIARITE, 20 FHEM. 25AFREM, 25aRFHE &
W, 25bATFE UM, 268 TREM, 2608 FH—FRE, 260
ATHE GO, 7R TSR, 28R TMABEEE, 20K FW B,
ERY: X LR CME TN N SR A R d

12
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FEARLLY RSS20, F B EAEB20Z L1 &R LB25H
26, RRB2SHE —F 2525 B S EIShH B EEH XK,
FHBCP20MFE —F 02625 F —F LB 26beG 2 EHEB A, TA
EF—-Fapsafed —FoEsbZ A A LS —FLBE260WE =
FRBE26bX A B REZ SR, AR OMSZ LB AREFRETHA
BEBHR20Z L RREHR26, EFFRB27Z L5 RSB 5B,
B AEMEE28Z L B2, WM OTHRSY L R Litf
REBHHSEE, HFMEEB 285 SR 2TH BTN,

SR L RSN N |

sFFA R, AR 5 48 5611 5098 64 AR 2248 Fl 6458 B
., AR,

(1) BATRZ Loy

EARIZ L RE AR R RS R FTH LR EMA
ARG B REIE20. B, ETURLEREEE,

(2) Wressgmt

TRAEEEA e R, RRASE., KA SR P st
Bt Qe h T &R SR BEY BME%RE28. H5F, ETARE
RESBENR.

(3) et behspig g

RRER T, REWMRE29Z A H bbb B A 240 6
ER %, TR ASIOM. SiNkE. SIONE. SINOE. SOG (3%
I ) BAREOE R RBERENYEER.

ETRAFFAZM T, WARE LA SRS A AAEEH
B AR AR, R H oM R RN ERY B SRR,
FEFHRRL L, S TFTRLEFRLRYG —F5EAAL dbFRIK
AR E

[ £ 364 3]

WEARMF A BHGHEF%, L, EMEBRZ IHAAL
BB AR AWMBER, HBRABEIAISEBEEAE —5 %

13

240



200680037580. 5 oW B #es29m

B, BREY B RpBR LAY ZInOBREHF —F iR, RE, &
—F AR AR AR SRBRFLE BB
AR AR O B BRI R AT BB AR A iR AR, T B, B BLZnO
FFR B,

W BE2ART T, BAMEKI, AHAIZ LML RGEETAS
10~200nm. T eAi#f i34k A RAEH 1T R G BAT R, X2, A
WHATR..

T A L CVD A WA B B E K 10~2000m &) € & F b s

(SiOx) . fAAE (SiNx) . A f4LA (SiOxNy) (x>y) @ E 4k
A (SiNxOy) (x>y ) #2482, AR L2 F AT AMT & (B28),

TRESAHZEEFEFAEBARINRBTY RLELE2., Fl,
TABR A 2ASCHzNREFEEFEFRT, FEARERXESTFH
A1 %101 x 10%cm® HF b T2 F h2e VA EMR. R HEEAFSE
FRAERBKGDRGERBR, FB, 5EANFETFRLERK, T
AHREFRTFTREANBGE S HRAE T ARG,

TAEE AR AFRERAANARA, LERA. A9AhER
KGR, RALARARFAERAAROAANEALAATRLSE
EFBFABERNAMNRIGRE  ERARBEREAZRETAEFE
FRALBHMHRIGHEALT, FHEHRIGREBI LY RN R
B, TR G4 RS LR GBYGE2, ToAE SR RIL
FEFCVDERMHBEN LF B R EMERIERERYG SN E
KT R,

FHr, TUARMRALAHFFAFETEL B 20 HZ it
A7 RALTY R RACHBE.

BEAHTEFE T EATH R RACHRET 6] 5 HAAT R 16
.

TR A KA TR A3, LE, SdeA
AINd (484k) 3ett 6 BAt B RAINGE F ¥ AL E R HRB R, o T%
BEAL AR SR HAR, BARR TR, FAEATRINN B,

14
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AEF B3 R BT RIRERE 2GR BZE, AWMELES
Z P a4 A @ 6 CVD R BRAT B B JE 2% 10~200nm &) 48 4 IR 5
(BE2A%E2B) . TUARRETFERAKB A TERE LR FRT
B BRSO AT R, A THMEHMIEAABRHHALT, 24
DB THAMBRIES, E—EHFRATXEER (hilock) . Bk,
Hik i, ES500°CH EK. HiEIS0°CH KM IKE T HAM.

AR A KA IAT T M A RAMBRIRS. X E, BARA
R, &, EATHRE Y ER88EH,

T S B AL B E O 10~200nm e A T B Ll A iR bt sy
F—gume, TR A LAG IR - w6, X
¥, AAINI (484%) BESAINdBE., “TeAif 4% A AN H AINd
R BAYRF—F L, EHWAMBGIRSZE, TAAFRE
FEANENTESEH RE—F 4 e,

ER—FOE6 LT ABEH10~200nmég £ — w7 (H2C).
A R LB LA TR AT, XE, AR T HREAL
HGath RFHHZn0 (FAL4) . HA, TAREHESF S B7
B\ AAFFRENInOR 8] & & gk, TeAB 4 A
HERE BT, S, 2 TFRAAIRGa T AR 0L T 87 %
ERARTERIMOEET%HAIRGaH InOMH G RE; A
200~300°C T £ZnO¥et L& FKAIRGa® | 89 W8A.

AEBRE—FLEEE, TRERRETEFAUNHTATELEN
BE a7, Bk, TRARRETEANHWHILTES LAMMNL
MESHE SR BTHE R,

EE—FaBef =5 & M7 M ALK 10~200nmey £ =
FaBES (H2D) . B LEAEHEIRYHRLEREELES —F
Wi E —FREITZRBEREN, 22, St YAE =FRES, 7T
BDE—3eBesE—SwB7xMgEmdn, Tl mAi#Ee
BABRMHFEANGTIRG S BEN A H =5 GRS,

EFoFRETZ EH AL RS, FELH -8B R

15
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(B3AFE3B) . £EABRBINGHILT, 2AFLARNLF(EF
) =1:100~1: 10658 R R S AR (R4 THF (A RAE)
FNHF (RAALR) ) . .

EEATRAGELT, TARARACHLAKNEGREFE
Tk A,

AR_GFLBRIZTHAS —FeEe. B, SH-_F LR
e, £—5 bR ik fak B, B, Afki W T AL RHS
A 26, 4 RS 649 15 DL F 7 BT W Ao 0 AR

4 F R BETEmA R, F—FaBet) — 5 oMk, 2R,
WFRE S OS], NMESESR, ARER2EER
F 7 2rkA F—F e,

RE, BilEAADNBREREIBHNF —F LB RARLIIOF R

k1l (B3C) . EALKBY, SdEAREARABRGZ BN G
TMAH (9 F £ REME ) ARG HBRERER F—F & Re.
AR TE— S w e A AINE A BA T bR ik A TMAH®
WATF, E30°CTAANRENY300nm/min, F—F &, A LEM
PG T BT BS TR TMAHRL, B, TAERHS
Wb RSH LT H AR CHI10FR BRI, L, HRBRGE =
FRE10bA1IbH R+ REW . EREAS, Tol@EEASER
HREEGRANERGTATHAREIABEHNEAGSEANEAE
— a6, Bk, RABKFLBZRH 0,

AT AR EHI0F R RBMIIZE, LR REHEGERER.

ARELRI0. BLRIFMLEBESZ LB BMBHAEED
20~200nm & ZnOBEAE 4 F AR B12 (E3D ). Hlde, T E200~300°C
Tl ik A ZnOodett. EA/ RN R E I H30~2089 B M AR,

RIL A F R S B2 A, By R R - B3 (B
4A) . TUARAZERE A H ARG BRI F RIS H CHAKRN S
) b T ik B 7 ik

EXFARERPE -5 8E10bf11b T BERAZnO, HFH, &
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AR G Ak, 22, 9FERAESFFARB124E AL —
Ay EHRE-FRET, B TREN LT LR450 RS F2REL
BAN RS PEAE L. AL EAMAFT RS, R R
10bA4=11b T k%], 28 —~FeB10aflaRidmkal, B, £—§
i 10aft1a 4TI &, HEH XA B4 60wk EF 2 RiE,

BILCVDRBHEEFEBI3Z LW ALK N 50nm~1pm & 4
S k14 (B4B) . TRAEBROSBM N £ R 56 BRI % BRI
14, TAEOARNSEML FEREMMBES. BEBI4AHET
WAL S 4, BT AR RBIOFBRLEIIACSAlL BRIELES
BT HASSEIANERE A AR, Bk, Kk, £500°CH LK%,
3% 350°C K, FAKA IR T 7 AL

EogBiavHBREMAIL, A, pAHLELESMEMI. B
AL 105 BART 1A 69 3 & JBL.

BREALN, ERBHMBRBEAELTHRFFEELF. KA
AN AN F—F LB, S E KL 4 F] 2.

[ 55 3k 1) 4]

KE, HWRTAMEFERBAHHETE, £F, ERACEBRAR
RACEEB L7 RAVERAIS BN S —F 0B, F BB R E T Fdon
HNEpBRAHZInOBEAHE —F L, RE, F-F L BELH 4k
Mﬁﬁ%ﬂﬁ&%%%,%*%éﬁﬁﬂ%;&m%ﬁ%%ﬁ%&%
KA AR EHRABEE, BRIn0FSAR, HAMBER, F2
R, EE, CAH, EXEAI-3F BRI RE T ET
R ) T AR K34,

e B SAFTF, B CVDR WA A 10~200nm &) BB A AT RI1Z 2
REAHE (SiOx) BAE S S5 E20. S5 B2085 b 227 F A A 1M
.

A% 20 LB it WA R AR RSB R H10~200nm &9 A TR
AR eI B —F w21, TR A il S R A1 7 i 49 AING
(4841) BEAAISABEAHE—F 021, AURLRB20XE, T
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AERERETEANFATERESRE —F LB,

A 5w B LiE AT R A 10-200nm ) F =
22(B5A) A E =5 wE22, TRAEALPHENB(M) . Al(48E),
Ga (4) . P (B) HAs () FHipH XaB R HZn0 (RLF) .
EHBAE—FLENZE, TERRETEZAHNBRATEEBRE =
B2, Bk, TUERERETEAMGHL T RN RBHRE
208 H —FaERH TR,

HATHAIE—FLENSEF ol MGRMmLn, TE
BB fe = 5k 202 ) 3 3T WA AREE S 10~200nm 6
BTiIREGSAEASF =54 B23 (BASB) .

B i bW AR B2, AR R g2
(B5C) . HEhBAFE, TRARARAZT G ERBGERA KR
B CH AR T 12 7 3%,

EE oSO THAZ —F0B21. Bb, S5 =5 RBE2
AR, $—FRE2AAKRREER. B, TEALERE$HA
Y E20E AT R LAE LT B AR LR EHE,

HE _FRBE22E KN, F—FRRE0G RS THRR ., &
E, wRAFGE —FBBE24A, AR 4% 2080k & I AT K
MEH, XEFHEMRIT QLS RANHT .

8 — b 213k bk 2 A T AR R w25 F R w426 (BISD) . 4N
WA Gk, RARAAANBKEG RSN TMAHG E4A2. Bk, TAE
R % E20R/ELTH AR BB RHEM26., FE, §TZn0O
RSB TMAHM S, ATk BRBRGF = F wB250M26b 8 R R
SR, TRERSE—F B2 ARKGBRAZRGEATAA
RGBT A G RYHETEY, LFERLE R
®RE.

EHREBHEISFFLB26ZE, KR REHE24.

BB, KA EHE0Z LELBHNYREREN
20~2000m &9 ZnOEAE A F 545827 (E6A) .

18

245



200680037580. 5 WO B FEid4/20|

38 it o2 ok ik ] SRR 2TEA B AR B KRB R F R EE2T. HE
A 7k, TeARBEME AN RAR TR RRACH AT
2 F % .

A FE S RB27RE —§ wE2sb R 26bE F A Z00, HFH, %
VAR AR B e kAl R, f2 R, &FT 5 M3 E AR LR
BEMTHEAL TR, BRTAERSFFAB27HEAG TS
HANRAEN KNS THRIAL —F LR,

o Bk pE272 b i CVD R B R A E 4 10~200nm # A 4
ﬁ&m(&m),#%ﬁﬁnﬁﬁ%&iﬁﬁ%%ﬂ#%&%%ﬁﬁ
B TFRAEAHYRMBEIE ., TAL# e 0A RAFHERG AR,
a4 R 5. LAFERAAYAARCSRAMERABHGILANER
WEATAELHREFETARANFFRE2THAE.

Tkl it ik A e EAv . AR, RARER A
R RSk D B RABEETY BMESE28. FHT, ETARE
FESBEE.

fEMRh AR08 E T R AR20 (B6B) . TTRABMER Bk
F A TR A2, FAECTAREERGEHARE
S ENBERE, AR TFTRBENGF ], TMER LA GCVDRM R
BE . st F ALK EREM R0 ERHKBK, TR T4
R B AR F k.

A 20F ML B M8 LB CVDRBRA B RE AN
50nm~1pm#éy 4% B30 (B6C) . Todl itk A @4 s S BRY &
BB, TAECSBNGBEEZ FERAIMBESF. LEK30
FAee L S 40, i FER LR FIRELR26T &4 AL B,
BAESETHAMELES. WMUM29F B GBI, MRZ LM
(hillock ) . B, 4hiki, £500°CH EIK. Hik350°CR K EH K
=T AREA.

do b Bk, A K AT B LR & TR E B w5, e AING
BHAIS B AMEE —FEBE, dhERI|KAHKTE.
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[ 55 #6147 5)

i P AR SA R B 8B rA B B 9AFe B 9B BA B 14 A L 1~3
Pty S AR FHERBEE TR A, 2%, XA, T
AR E A2 AT FHARMFERZHN,. BAFBIARFTEH
8B 4 S X-YIgB s A\ . |

BB R BRI RIZ LB BMRT] R0 B R E B 7 &K
41, BB RE R 6 F kot B RAAINIE.

i i 4% BB L CVD R BAM A AL B X R KA B B A
W42,

g Eaz P SA Y RANEEHE—FLE. F—F
WA E EY AR B 45a. B EIAGaFe TALT| K47,

AEF— b Ex bl @M AL T BAINZ0 (RF) K
HAHBE-—SwB, B oFaBEAS Y AR EMISD. BEMIDIE
5| &a7,

EE-—upE (ArRFl)ZE, EERABLHFS. BE
MBS FRBI ARG RBTHALDBREE. RE, BAF—F
b, XE, SRS 8 ARMFFHR:NAF=1:100 (&) &
B AT

kB, BitdE I TMANE R AR S 8 —-F 9B 70 B R i d45a,
#iBa6ad RIRF] Ha7, B, BRRRBHHER. RE, TRAER
B WMEHERNIFLTH AR LRI, BLBAHF BRI 447, 7
b, @ FZnOBFRTMAHKZ], BibBHRBREGF - FLRORT
REd . FA, 9FAINERATFE P, BRBRHIILENL
FEL T W% 1~ .

RE, WA TS, il RZnOBE, RE, Bk
F Atk B M ZnOBEH A F-FRBE48. 1EA4RA], RALAE 4R
FERMEMA], RE, WTESANINLLGHSFHRE —F B,
B oSuBEd R EFFABESERGRITRELS LR,

X B RE482 B CVD. BM R AEFH RAELEA9, TA
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BB REA QLRGBS BEIAVMEES G EERY RERR
49, B BEAYTIA R BT R @GR [ HF BB,

i 3L B R ik e bk A ik R R TR A9 ¥ B AUE &) IR R AR46
HEBLFATHY L ERGEHEL,

B RAYAER SO, RE, BAEAANF ERRAY A
BEEHS0, Fldo, TALAITO (f4484) . ITSO (e ffus
# EAL4B4E ) RIZO (Aa4d) .

ERMBRREFEGQHAT, AERLHMOBR, BAEL
Ag (48) . Au(£&) . Cu (8) . W (48) RAlL (&) HEXER
##t.

B BIE505 MBI LA B3| K41 E RIS H A HBEE RS0,
MR ENFRED L EE ZNBRNHBLEZLI0 (HAFE
8B) .

A3 KAadiih, TWHRSATERE QGRS A THERF LA
#H. ToBLEARKRALEEGBRASGARRE R EZAMAN
Bk, TREATHENRE, SHTRAFE TO TR, T
B R BB RwE S TR EHRE (discharge) FE M MAT
HEL, FREFEAEBET, LTARAN G LAETEALER, F
BETRAEAuaEsKmisTadk, Bk, ToAiplaEiday
fmiFRARLHEMA, FETRF>E.

% ARBRAESL, AL EER T RS0, BILRBHAT ERY
PEHBAROK, EMARAGEZE, #ATRE.

BAREAECERARRE (R4K) BRRENSS, FH, £
AT 56 LT B B BES4. ERY HHIESI LY RE R SHST
FEF ARG ESS (BHIA) . AREPEHATEELHE,

K, BiREHAFEHBAEHANGALERIS(EB) . A
BRBESYS2AANERMNOGHGER (HA) .

ARBEIALSHSLHENGCBEISTIE, MM ASH I+ H
BESABHMRIBALER. SHALERRKASHS2N, TIARA
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AT HRFE: EHRILRERAF o RS FHEE; st
JES6FeAY RN AR A, RE, BAA EL@ERENES.

M h RS- 3h52 8 2T BAR K, T R R 4T o HEF AR
ST 3] 6L SR W00 TNAEX, . FLCEXRIPSHXF. 2&, 4
HEAESBESBATHLRBEREIR, FAAPSHEIAHLT AR
B,

1 ik ) A B & Bl M st At R Sef kL BB AT A B4 6 KRL
r. B, REBHETUARRAER,

'Tuzazié}’&ﬁiﬂ?ﬁn%#é&.ﬁ’&@ﬁﬂaﬁ*ﬁié‘:ﬁ%%%#é&:ﬁ
i FH A FRALLS REF RS ASo L LOBRT FFHE
oAt RIZFWIER . LRERGBRBES O RFHRMIE. RELE
B, BBLTAEBLEE (polyimide amide) RIREME F 8 £ v —F A
BRSNS, R4 RA AR, RS R
8 — g TR, REEMNGEERYA.

RE, Bk B ABRFPC (FHEPPA R ) B BAE
1L, EREGAHEFLEBRBEALNE,

TRARAARZ LW A BB dil, FBHIBYFHEFFAELS
A.

E Y EEYRNATRCZ LT AT RISy 62, BT
B IX 3 63 BI04, WIS KB ERLEF HBEF
HElakEFB2bM K. BRI ABSHLRIES HBLFAES
63a. £ B63bAest @ it AN LK 684 4 M AIRAE 5 AT RAF SY S
E6OM AR, MMALE| KX b B623E W 64 $ AT RT2EH RIEH
Fa64 P L FATHET] . MBI KW 3h R 63EM ) S AR BT &
TIS MR 5 B T2E T . Hoh, HBEEBINKTIEMRIIKT2F
AR, B, FEAREMA. RAXRSHFHEHFLERTMREL
AT K72, BEFEANFHPLERIILATIABGREE P,

WA BRIR B 2862, BT RIS & Be3FART K9 A A
i F PR EFeSF MR F R AL BRA AUGEMGERAS

a2
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#.

AEFFRBHesT, WMuigS M3 g72Ed, FLRELHER
AT, BENESFFABHSHRLIEEMNR TR RE
AR AT A Z L B AT BARZ ] §I A TR R MR RS 66. B
B R B3 4735 A SR winAn Bl 4 w4 g bRk,

ALRGRBEFTEY, WMARERB R, FLoRERLEHF
FRE, EREREHOTER. EEATMESREFHELT,
WBA AR IEAN B BE. B R R KA 24 ik
2, BEFEAGRRAANERT HEBF B4Ry, FAFEREY
A6, ETRRAE G T .

2t F R MR ERG—HSEAAL B EARB LT .

[ 5 364 6)

X2 AREI0ARBI10BA A B11AF B 1183588 i# A %464
1R AMF S ABH AR A LBH O FTE. &, RAH, Tk
B R 3B 2Fe 4t F R B

BT LR ey Lapl s 6l ¥ 24k B4, FARAED EHI0AP
THMBENGT A, E2&E, b5 LR LEHIAE GRS 948 F &9 B4
AT,

EELE- BT, BRELBS0AERBAHL. HATHRES
S04 HHF, A AT # AR Heda (AL B (Ag) . £ (Au).
2 (Pt) & (Ni) . (W) . % (Cr) . 8 (Mo) . % (Fe) .
4 (Co) . 8 (Cu) . & (Pd) . €& (Li) . 4 (Cs) . & (Mg) .
4 (Ca) .« 8 (Sr) &4 (Ti) 592285, #wiEsd (ALSI) . &
& (ALFTi) REBEAEF (AISi-Cu) 8444 #ef1é (TIN) 4
B4 RS HITO. 4 EMITORIZON £ &4,

E BB R A F AN FREL AN T RRAELE LMY
S, FH, TOERA#HwITO. S&NITORIZOY £ A&LSMH A
HImALSR At 2 B 6 I F H AL,

S5 B F BRS040t 65 BRI M AR, Tolst FRE SR
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S04E A B ERAMH (AIRAgH ) . EREHEHT, ITSO (Brigsd
FAITO) MAMERE LS (H10A) .

RIE, T AR R AR B AP G LEBAE AR
EHEIEAF B BRS0. RE, RELEBE ARSI E HEE RS0,
b ARE B AR, A REAESINHHA, KA M (3
do RIS R RBER) . AFRFE, L TRERAELEGE
MAHR LM, B, TEEAEFE R IR TN EE
AR, e S Bl T 2R 28T 1 & B S1 8 AP o o X961 B A 8L
HEERRBE, A BESIA/ERER, HEREESILAEY Y
R, HEAERE DGR LS ES1a R A L TG HE (H10B),

RE, BROAKEKBRNESL, FEBRAL LR AWE
Ef2éhdast wiggl, A5, TR S E MR EDBEANEE
WALSOFAR AT ARSI ) 6 K A, BTl AR R8I Felf
£ S0 @ Al B R L AT,

e AT Rt L83 8 A, TRALTAFHRELK
MMM, EAEREAY, T8 - wiEA 4.,

WAL, HE. _E. RiE. A8X5# (roll-to-roll method )
ABARAFH R LSRR ESL.

EAMEEEAEFEGEALT, QXYY ESITIAR S
FEFERER. EREN. L7468, B TEARLANOSRNE
GBEMIELENARRE. UHOESERAHFAGE, TORRAH ML
SHALEREER,

EfAMAEREEEZLNEERRENE, AT RENE, T
vAE B A AL S e B BALS B RA B, Kbl T A5 E L S0
HEH EEBBRARGUIAGECHNAD LGB R ERE SR
50 A0t ARSIZ M H RAEH, REEGEEKEHONmRLE, £
ARi%120nmKEF. B TREEGHE N REFBEFH G EGHE M, Ak,
TRLEREE, RETATHERIHHAMIS AR EH. B,
R ALAFRHELERY, RFLEE, FAEFHLERS R
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R m,

Y h A BEAY, Rk AR E BB R RS, TERAT,
Rk B, fibé. Babdl. fibse. Bk, Buék. Ribé.
Eiudh. fbdk. R R,

A AL, TR AT EF LAY Hied,a-=|N-
(1-B£4) -N-EE - HE]- BE (NPB) . 44-=[N- (3-FFEHK) -N-
EE-BE-BEE(TPD ). 4,4' 4"- = (N, N-BAK- £ H5)-Z XB(TDATA ).
4,4 4"-Z [(N-3-F 5 E)-N-FE-BK)-= Kk (MTDATA) . 44-=
(N-4(N,N-= 1] ¥ X R E)EX)-N-XRE)BE (DNTPD) . 1,35-=
[N,N-=(] F R 4&) £%)% (m-MTDAB) #4,4' 4"-Z(N-"Fot &) =
£ (TCTA) A FREGA AR, &F (F5: HPe) . 4
BF (4%, CuPe) ZAAKTE (%5: VOPe) #.

ARBEFEAEZN, A SYREERENEHAZRENES
AREZFHEERAHE, RN LARFEGEREREEYE,
fldw, iBid42 A i#E 4 NPB. TPD. TDATA. MTDATAABSPBH F &
Betgiodh (Bp, RAFER-R4E) BANE, BRERARE. XL
REHHRIARLEEALx105~10cm™/ Vs ERTHE, 2&, #FAHRL
SAHE, TRAEAEREREGLLTARREZSSPR. 2&, F
AT AR EERATUBLEENLEAYRAYRGAANARESEA
Bty B RBAT B EREHE.

EREAPRZE, RFSREZRENEFGTFHRETAE
RIENEFol, Fi M B2 WL T A RE AT R HEEA %7 6 IR
2R, AEAESEXKEARFES., —FE2 a9 L RHILIR
R SWREMA (BhatH) Rk e (FEZAH) BA
WEFTOLLIBRNEAMAULIERE, F—HAXFTALERAL
RBAERGE., BT —FLFRSREREER, HibeZKRL
H., HEBEBRAERTSHERME, TREARTHR: 4-=HE
T F R 2-F A -6-[2-(1,1,7,7-9 F 2B REK-9-H K)-4H-"% vk
(DCJT) . 4-—REEFTE 2-RTH-6-[2-(1,1,7,7- B FTEAEREE
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-9- 3% X)]-4H-wk %k . periflanthene. 2,5- =& -1. 4-=(10-FE& L
AL77- B FREABREZE-HE)E, NNV-—FEAETH
(DMQd) . 856, FEE545T. ZB-BLE9%)%E (Alg;) - 9,9-
%K. 9,10-=—X5E (DPA) . 9,10-= (2-% %) K (DNA); 2,58,11-
WRTEZREE(TBP); PtOEP; Ir(ppy)s; Btplr(acac); RFIrpic;
FF. EHNREAE YRGB, Y HER DB I HFGEEAMH,
TR AL TR #909,10-=2-F2£) 2R TEAXE (t-BuDNA)
HEATEY; #Ha s (NP E)BE (CPB) #9ekebdiT A 4p; Kk
I Z (8- EER)E (Alg) « Z@-FE-8-LAEH%)4E (Almg) .
Z(10-F F A [h]-5%) 4 (BeBq2) . —(2-FA-8- A Sok)4- B R
£E-48 (BAlg) « =[2-Q-BF X))y 2|4 (Znpp,) A=[2-Q-BXK
A)RT 214G (ZnBOX) W& BBAY., YN TR ENMAMARE
FEGHF, TR Z@-2EAEH)4E (Alg) « 9,10-= (2-F4)
B (DNA) R=Q-F A -8-FAd)-4-BE& 4 (BAlg) F.
BEEHEFRBZRA ., REHRELTEAENELLER DT
BEANEZARELTHRE. OTHHREZLAKLRG L FEHMELRE
5, FE, AtEdeRidesE-2E58048 (%5 Alg) .
EZG-FES-FESHE(HE: Almg: ). —(10-2E XX [n]-449%) &
(%5: BeBq,) o =(2-F A-8-2 X TH)-4-BKREE 4 (5. BAlg)
A ERTRIAFTFEHETRALBZL BB E. F, T
R A = [2-2-BEEXE) XS B8 (%EF: ZnBOX), )R =[2-2-
BEER) FEe G (%5 ZnBTZ),) $HEA S iaKAE
vt BLAS R MG B B b, RT & BB AWM, TUAEA2-W-BEEK
H)-5-(4-WT K E)-1,3,4-F = (PBD } . 1,3-[5-(4-8 T X %£)-1,3,4-
T v 2- KK (OXD-7) « 3-(4-THEE)4-FE-5-4-BF%)1,2,4-
Zot (TAZ) « 3-(4-TFKE)4-4-THEE)-5-@-BEXHE)1,24- =%
( p-EtTAZ ) . 3E*69% ( bathophenanthroline, BPhen ) & %48 %
( bathocuproin, BCP) . R IR AN I L H A EELF1 x
10°~10em*/ Vst - FEB £, &, T e THBERALC Y
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B, REBEHETHASBRERESRERRESZIT, 0, RLT
BRGEERATURETEE D LA BAHRANAAIARESANAEGE
BREAY AR LTHERE.

EREPLTRAEEZREELTFENE. S RTFEANE, T
VAE A e BAL4E (LiF) . fdb4s (CsP) R A4S (CaF,) Hace
BB A4 B NS Y, it, TRRITRA LS ELEIRLLE,
Hlhe, @84 (Mg) FHAGHETAEDERTBRE.

EAMLEAABEFBARALT, TUEAEATELEAHA
HESLMOBHN TR RSB THANLEELETE,

TARAAZnS Y HinifdeCl (£.) . 1 (#) RAL(48) W98
FFABZCu () BEXBE.

b i, TOAER AT oA e RO AT BT ANE.
ROWERIE. RAWERE. RELHENE. AR, RE
W R A =~ R OHR B F G AR BN LT HGRSH. Tk
B W RAPE A= e BaTiO; (4RBRAN ) A SrTio; (4ABR4E) W AF &
BN RTHGDETRAEN TR, AT GRS, TUERAR
B Ry #aE,

TRECSE KRG ESLE — AN AR ERMTE. T T
CHRE, RAEAEGNLAREFUEGHENS LS EMH.
£ ¥ 85— A1k § H 4 TiO,. BaTiO;. SrTiOs. PbTiO;. KNHO5. PBNDO; .
Ta,0;. BaT:04. LiTa05;. Y035, ALO;. ZrQ,. AIONRZnSF o4
BAAH B, ENTHRIEAHGGEIBEFRTFLEMGE.

BAEAMEHEEABRFEOEAT, TAER ELREZHAEANL
B MM, TRt AI-VILSH, Hlde, &4HEAE
#Mn (42) RZnO (B8 ) ATBREAE, FH, TAALEAH
FmSi;Ngs Si02. ALO;ATION) AAL R RALH T R4 &,

BREEFCVD(RTFH) AT EHEIZ LM AL R ALE
BEAE S 4btbE, ERAS AW EAAMAEAT, BRATHE: 3§
T AFEFCVDRASIH, NOFNHH R4 R/, @il
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R SIH,FoN,O & o7 B AL ; RAEEA A ArFESILAN,0fF
BB AAH RS BRI,

oA B Sill,. N,OFH, %3 8 &8 A4A (silicon oxide
‘nitride hydride ) BEAEH4bLBE. 3 &, B AR T LENDH. &
TR QLR AZTERISNECHREE, H5 TOoRABEM
BMARE BN, A, TR S RALAER & 2 BB
RLUBELSMNS ER., TOER RSB RLRBHRE,

RE, BHEFHFSARP LA ST REL LA do G H
#FHh, EEARTEHGATAERGFAT, B8 L% HHH
B RART A RAE & SRRy, TR #FeTFRANTERDLK
YAt A AT R Z AR, R, T AR EH
S ERM R B 2 AtAT A, KRk, A ESMRERNEFHES
FHHM . TALEEFHAN & RATRA IR THEATRZE G FE BRI 2
BT, RE, BERTHPRRE LB REEHS LRTREL
KB4

SBEIAFRBIBF R LHEMRGRFHEGE LB EHY
Heg—AHF. 2E, EHHARASRORSFERES AR SGHRA N
HHARE AW B AR AT, FEBA WA B,

B1IARFTEIRAEAFLEY R BT LHRS0NGLEH, HEG
AMERIZHMEOSE PR GESLT FAEN L. A, REBGILS6RT
AastA R, EBREXAAZE, Eitid R FHH FE e i g
B 3o Bl 2 B AT B L, A R A S e S 8SHL A AR A R 86 55 AL
H2Z G E R FHE AN, B, TUHLELAAS O TEAF
S, ik, WAESSEARBMREE. FHhikk, RARHNELE
R8T IR A 844 F M AE8S P A LB A4 R A .

B11BA R it A RAF MRS T L BEYREE LRS0fe4
AT ARSI M. B, R AT KT, Tk @A K14 K86
Ak, Eizghd, S AR ARIFMATATRS65 @ E MR A 88,
TAB I AEER, bk ETAM, Kk ERIENSSIBLE KRS
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BE87.

EERFHEOREAGEABETHARPIARAE T REF
MFE T, pREARFRBAET, FARFESTRACEL LA,

4 & RAME AN, BRSNS REHARAZESTTEABEN G
ExEaR, SARETEFELG AN, 844 ERHEN
B & A, A EE QAR TE AT, :

FEB, BAMMETEABR G LK, BEHLERENB LR
Ak, AABIZHGAALTERAAMN. B4 &ERERB LA
LIRS kARG BRI S, RN, BRSEIRATE A IR
FFERAAARARS, EEAREDT, RELAAMG MR
o, HREBRHEA, RBEALBOEAAEFRBALEDF TR
A ki ik F e E—FF.

AERBHY, MBSE Rk, #F8, AALHNRFERS
FEAE, BRETERES, ERATMEFARBHSERLT, & T
H AT RS BT BB AR A B Ak R,
B Al 4t & A o o 4 6 e RAAT R B S4B, AT
ERR GO TR,

st if 2B Fe i EALLG —HRSEA AL BRI E T K.

ARBRA~FFEB3FFHRERRPERT QSR E LS
el LB ARCNGRE. B10AFRB10BARXE11ARB11BS 5
AFEBREAHEHTET 14038 A& E . F ATFT 1401, & AHEH
TFT 140455 B TFT 14067 pA LS TEFT 140345 B 4 fixE, £ B
TEA 5 TFT 14034 F 49 554,

B12AM B E L LI F HERENE T 14105 2R &K 1411
FI412A R BT F QR B K414, REZ EE T XTFT 1401,
I ZHTFT 1403 & A& S TFT 1404. 3 85 €. 5 514020 K AT 1405,

BT EHTFT 14039 MEM S LG FHREGLf&141288
Ah, BL2CAr+HBREEF SBARARFHEMAAB QER. RaE
o BRAFRBLRCHATHREEAFHRALEAE. 2R, £H5EBER
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ASELAFARILBREMLATATRASFLEYALCRENE
FRAGEY, BEEAFLESRAELF FHELLARLI4128HF L
T (E12A) BAMNHGEL, XL, XEH5EIHTFT 140369 KL
B34, HE, ATAFRXEINAGREANHELRL LEBRAMRE
12CF S AFh L ath,

%A B 12A% B 12CH 7 68 F 94548, BHTFT 14035 4R
| BITRT 1404884 AL £ 5%, B4Rk, R EIHTET 14036943
EAL (1403) FAEEAEW (1403) AR BRI HTFT 14044934
K AL (1404 ) FAEFEAW (1404) , 2R3 EL(1403)/W(1403):
L(1404)/W(1404) = 5~6000:1.

X TFRT 140342484 KR ¥ #4F, 3t A TR BALALAAF1405
B A R, A HITET 140478 &0 B3R b 45 A TE S48
B K A 14056 |k, ik, EREHRAT, XHHTFTES
#dpdAFHARGFEEAA; A, TFTAVAEMTIT. BHTFT
140377 AR ¥ BAAXTFTRALBATFT. §-TRAEHTFT 14044
BEA A LM R R BH a5 KR TR, BB REETFT
1404 Vs ) B E S R P R A X AH 140505 0 iRE. LA B, T
VA8 3T A5 A A R P A G BE B THT 140344 2 K A4 140589 2
fh. 4R LogsH, TAMES FIFTH ARG EALFEH LA
BB EN, HARABAREGBERTHEREN.

ABA2DY BT 750 EF, FATFT 1401 BRI GRE
BARIE S, H DS ATFT 140140483 wHRFE S HB AR E
b, RE, EXRBLEBURTREAFASTOLA. ZRE12AF
BL2CATAFRETHS LAEB140269 84, 2AKXAIRTRT L.
KM e EFTHAEREAFAETHLEEN, ALRERPHEE
%1402

BT B ATET 140652 3 414150050, B12BAT REHE LA 5
BRAMFHEELMAR AR ELEM, Rk, RTHENTFT 1406
Fedz b K1415008, B12DAf R AR EREA BB NRCH TR E LM
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SRR S 327 N

WL A X T B L1415k FTFT 140653 ONAOFF. HTFT
14064 3B 0, HRIFAHY L EB 1402 L FH0K R, B ilid
RAZHTFT 1404, #5358, AWK T TFT 1406, Tk &&= 4 &k
FRANE 1405 89 R . B, TFT 14067 T4 LR BTFT.
B, ARLRBFBLDAATHEMRT, TARETBAMANEEZ
W, 5EARBGFHRANREEREFRECAE, G #F
.

EBDREFFHBETY, B9 FERIE TR0 LREL4L,
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P.O. Box 1450 ‘
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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.
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Eric J. Robinson
Reg. No. 38,285

Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive

Suite 20 North
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Attorney Docket No. 0756-10065

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Confirmation No. 7085
Group Art Unit: 2812

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 )

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 Parts 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 depressien—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 voitage 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. 32B illustrates an equivalent circuit of the EDMOS circuit.
The circuit connection illustrated in FIGS. 32A and 32C corresponds to that
illustrated in FIG. 32B. lliustrated is an example in which the first thin film transistor

1430 is an enhancement-type n-channel transistor and the second thin film fransistor

1431 is a depressiontype depletion-type n-channel transistor.

282



-3- Application Serial No. 13/763,874
Attorney Docket No. 0756-10065

Listing of Claims:

1. (Canceled)

2. (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;
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 80°, 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 80°.

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 surface 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 gailium.

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 zing,
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;

286



-7- Application Serial No. 13/763,874
Attorney Docket No. 0756-10065

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 semiconducter 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 inventicn.

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 Prive

Suite 20 North

Fairfax, Virginia 22033

(571) 434-6789
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.5.C. 371 and other applicable requirements a Form PCT/DO/EOQ/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (03-11)

Approved for use through 1/31/2014 OMB 0651-0032
L.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1935, no persons are required to reseond 10 a collection of information unless it diselaxs a valid OMB control number.
P,

APPLICATION AS FILED - PART |

PATENT APPLICATION FEE DETERMINATION RECORD | Appicaiion or Dockst Number | Filng Daie
Substitute for Form PTO-875 13/763,874 02/11/2013 | [ 7o be Mailec
entiTy: [ Large []smawL [J micro

{Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
P—
[0 =asic Fee
537 CFR1 16‘32‘ sb!‘ ar (&) WA N/A /A
O searcH Fee
(37 CFR 11600, (i), ot (m) N/A NA N/A
D EXAMINATION FEE
(37 GFR 1.16{c), (p), or (q)) N/A N/A N/A
TQTAL CLAIMS . .
{37 CFR 1.16()) minus 20 = X% =
INDEPENDENT CLAIMS . R
{37 CFR 1.16(n)) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
D’Zﬁ%&gﬁ?gh‘ SIZE FEE for small entity) for each additional 50 sheets or
¢ Tes)) fraction thereof. See 35 U.S.C. 41 (a)(1)(G) and 37
CFR 1.16(s).
PE—
] MULTIPLE DEPENDENT GLAIM PRESENT (37 GFR 1.16())
* IFthe differencea in column 1 is less than zero, enter “0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
{Column 1) (Column 2) {Column 3)
CLAIMS HIGHEST
| 05/07/2013 EE?&'N'NG Eggﬁgﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
Z AMENDMENT PAID FOR
LlJ I
g :F?;ailj\}m CFR - 24 Minus | = 20 -4 x $80 = 320
A B BE vinus | -3 -0 x 5420~ 0
<§( D Application Size Fes (37 CFR 1.16(s))
[ First PRESENTATION OF MULTIPLE DEPENDENT GLAIN (37 GFR 1.18()
TOTAL ADD'L FEE 320
{Column 1} (Column 2) {Column 3)
CLAIMS HIGHEST
AN ANING paiiecll o | PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
T:’ég;‘”cm > Minus A = X$ =
e K uinus | - T

1 Application Size Fee (37 GFR 1.16(s})
[

AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM {37 CFR 1.16t])

# If the entry in column 1 is less Lhan the entry in column 2, write “0™ in column 3.
** If the “Highest Number Previously Paid For™ IN THIS SPACE is less than 20, enler “20".
*** i the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3".

TOTAL ADD'L FEE

LIE

J/CORALIA BETANCOURT/

The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the apprapriate box in cclumn 1.

— ————— - _ e
This collection of information is required by 37 CFR 1,16, The information is required 1o obtain or retain a benefit by the public which is to file {and by the USPTC 1o

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collsction is estimated 1o take 12 minutes to complets, including gathering,
preparing, and submitting the completed application fom to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require 1o complete this farm and/or suggestions for reducing this burden, should be sent to the Chist Intformation Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Bex 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORNMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
i you need assistance in completing the form, calf 1-800-PTO-9192 and select oplion 2.

294



Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD

Substitute for Form PTO-875 13/763,874
APPLICATION AS FILED - PART | OTHER THAN
{Column 1) {Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED | NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
7 CFR 116733, (b, or (6] N/A N/A N/A N/A 280
SEARCH FEE
©7 CER 11600, 1, of (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(&7 CFR 11610}, ph o (q)) N/A N/A N/A N/A 720
TOTAL CLAIMS *
{37 GFR 1.18{)) 24 minus 20.= 4 OR | 80 320
INDEPENDENT CLAIMS ‘ *
137 GFR 1.16{h) 3 minus 3 = x 420 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 GFR 1.16(s)) 50 sheets or fraction thereof. See 35 US.C.
241(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT {37 CFR 1.16())) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2, TOTAL TOTAL 1920
APPLICATION AS AMENDED - PART Il
COTHER THAN
{Column 1) {Column 2) (Golumn 3) SMALL ENTITY OR SMALL ENTITY
GLAIMS HIGHEST
REMAINING: NUMEER PRESENT ADDITICNAL ADDITIONAL
<t AFTER PREVIOUSLY | EXTRA RATE() FEE(S) RATEIS) FEE()
E AMENDMENT FAID FOR
w Total g ) - -
= (a7 cpgw R s OR |«
o - =
= | fiperden, oR |
3 Application Size Fee (37 CFR 1.18{s))
FIRST PRESENTATION OF MULTIPLE DEFPENDENT CLAIM (37 GFR 1.16()) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Golumn 1) {Column 2) {Golumn 3)
CLAIME HIGHEST
REMAINING NUMEBER PRESENT ADDITICNAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT FAID FOR
L Total * Minus * =
E (37 R 160 OR |x
Independent " Minus | *™ =
5 {37 GFR 1.16{h}) OR
E Application Size Fee (37 CFR 1.18(s))
OR
FIRST PRESENTATION GF MULTIPLE DEFENDENT CLAIM (37 GFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in cclumn 3.
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".

** Ifthe "Highest Number Previously Paid For' IN THIS SPACE is less than 3, enter 3",
The "Highest Number Previously Paid For' (Tolal or Independent) is the highest found in the appropriate box in column 1.
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¥ sann, Y UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSICNER FOR PATENTS

ELQ. Box 1450

Alexandria, Yirgmia 22313-1450

WWW.LIPIO 20V
| APPLICATION NUMBER | FILING OR 271{C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
13/763.874 02/11/2013 Shunpei YAMAZAKI 0756-10065
CONFIRMATION NO. 7085
31780

Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive

Suite 20 North

Fairfax, VA 22033

IIIQIII(IEIITIIII(H:IEIII@MI!IMMH[EIMLIIMII||II|||||II||I|I||I

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 aveid 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 baen 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 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSICNER FOR PATENTS
ELQ. Box 1450
Alexandria, Virgmia 22313-1450

WWR.LIPIO 25V
APPLICATION FILING or GRP ART
NUMBER I 371({c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITO’T CLAIMS I IND CLAIMSl
13/763,874 02/11/2013 2812 2060 0756-10065 24 3
CONFIRMATION NO. 7085
31780 UPDATED FILING RECEIPT

so75 Fa idge Divve AR A
S 2o et L0
Fairfax, VA 22033

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 Paris" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Shunpei YAMAZAKI, Setagaya, JAPAN;

Kengo AKIMOTO, Atsugi, JAPAN;

Daisuke KAWAE, Yamato, JAPAN;
Applicant(s)

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 10/27/2009 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 (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.
If Required, Foreign Filing License Granted: 03/04/2013

page 10of 3

297



The country code and number of your priority application, to be used for filing abread 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 AlA (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
gffect 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.

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a fareign 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.goviweb/offices/pac/doc/general/index. html.

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

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if & 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.8.C. 181, the licensee may foreign file the application pursuant to 37 GFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The 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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