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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/008,285 07/23/2013 8492840 0756-9138 8496
31780 7590 07/03/2013
Robinson Intellectual Property Law Office, P.C.
3975 Fair Ridge Drive
Suite 20 North

Fairfax, VA 22033

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 153 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Shunpei YAMAZAKI, Setagaya, JAPAN;
Hiromichi GODQ, Isehara, JAPAN;
Hideomi SUZAWA, Atsugi, JAPAN;
Shinya SASAGAWA, Chigasaki, JAPAN;
Motomu KURATA, Isehara, JAPAN;
Mayumi MIKAMI, Atsugi, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.0O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
glpgropnale. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
iny }C'E\Led unl(;ss co{r_rtgcle_d below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal, This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block L for any change of address) Eapers_ Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

31780 7590 03/20/2013 : : : : . s . P
. . 1 hereby certify thal this Fee(s) Transmittal is being deposited with the United
Robinson Intellectual Property Law Office, P.C. States Postal Service with su(f icient postage for first clgss mail in an envelope
3075 Fair Ridee Drive addressed to the Mail Stop ISSUE FEE address above, or being facsimile
! g transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 20 North
Fail'fax, VA 22033 (Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/008,285 01/18/2011 INV001Shunpei YAMAZAKI 0756-9138 8496
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTORLAYER
I APPLN. TYPE ENTITY STATUS [ ISSTE FEE DUE I PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nooprovisional UNDISCOUNTED $1780 $300 $0 $2080 06/20/2013 .
l EXAMINER l ART UNIT I CLASS-SUBCLASS I
RAO, SHRINIVAS H 2814 257-347000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list . .
CHEJISES)' ; d i ¢ g (1) the nagxes olf up to 31regislered patent attorneys Eric J. ROblnSOﬂ,
ange of correspondence address (or Change of Correspondence or agents OR, alternatively, H
Address Torm PTO/SB/122) attached. ) . Robinson Intellectual
(2) the name of a single firm (having as a member a .
[ "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to Property Law Offlce, P.C.
PTQ/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registercd patent attorneys or agents. If no name is
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an aslg%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFE 3.11. Completion of this form is NOT a substitute for {iling an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Semiconductor Energy Laboratory Co., Ltd. Atsugi-shi, Kanagawa-ken, Japan

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individual & Corporation or other private group entity L] Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee (] A check is enclosed.
Publication Fee (No small entily discount permitted) a Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies 3 B The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number ___50-2280 (enclose an extra copy of this form).
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5. Change in Entity Status (from status indicated above)

J Applicant certifying micro entily status. See 37 CFR 1.29 NOTE; Absent a valid certification of Micro Enltity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will he taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publicalion Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Fatent and Trademark Office.

<L June 20, 2013
Authorized Signature - Date

Sean C. Flood 64,378

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1,311, The information is required to obtain or retain a benefit by the public which is to file (and by the USPTQ to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including pathering, preparing, and
submitting the completed application form to the USPTO. Time will v deﬁending upon the individual case. Any comments on the amount of time you require to complete
this form and/or su. gestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 0.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required (o respond to a collection of informalion unless it displays a valid OMB conlrol number.
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Electronic Patent Application Fee Transmittal

Application Number:

13008285

Filing Date:

18-Jan-2011

Title of Invention:

SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

First Named Inventor/Applicant Name:

Shunpei YAMAZAKI

Filer:

Eric J. Robinson/Doris Vasquez Soriano

Attorney Docket Number:

0756-9138

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Sub-Total in

Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee

1501 1 1780 1780

Publ. Fee- Early, Voluntary, or Normal

1504 1 300 300




Sub-Total in

Description Fee Code Quantity Amount USD($)
Extension-of-Time:
Miscellaneous:
Printed Copy of Patent - No Color 8001 3 3 9
Total in USD ($) 2089




Electronic Acknowledgement Receipt

EFSID: 16094930
Application Number: 13008285
International Application Number:
Confirmation Number: 8496

Title of Invention:

SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

First Named Inventor/Applicant Name:

Shunpei YAMAZAKI

Customer Number:

31780

Filer:

Eric J. Robinson/Doris Vasquez Soriano

Filer Authorized By:

Eric J. Robinson

Attorney Docket Number: 0756-9138
Receipt Date: 20-JUN-2013
Filing Date: 18-JAN-2011
Time Stamp: 14:54:09

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Electronic Funds Transfer

Payment was successfully received in RAM

$2089

RAM confirmation Number

1246

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/

File Name Message Digest

Multi
Part /.zip

Pages
(if appl.)




311853
1 Issue Fee Payment (PTO-85B) IF.pdf no 2

ae774d317090798e8351¢ce95214d8998a0f|
e3235

Warnings:

Information:

34160
2 Fee Worksheet (SB06) fee-info.pdf no 2
ee49d67357193b3512f68e26fe035793ec5f]
al4c
Warnings:
Information:
Total Files Size (in bytes); 346013

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New 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.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International 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/RO/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.




Receipt date: 04/04/2013 13008285 - GAU: 2814

( This IDS was originally submitted on February 14,2012 and resubmitted on April
04,2013. ‘

Please type a plus sign (+) inside this box — [+] PTO/SB/08A (08-00)
Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

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

Substitute for form 1449A/PTO Complete if Known
INFORMATION DISCLOSURE | Awplicttion Number ]gﬁgﬁffg’ =
Filing Date
STATEM APPLICAN 7
ENT ,ISY PLIC T First Named Inventor Shunpel YAMAZAKI et al.
eels 45 HeCess
(use as miaiy sheels as necessary) Graup Art Unit 2811
Examiner Name L. A Gurley
Sheet | 1 | of | 1 Attorney Docket Number 0756-9138
U.S. PATENT DOCUMENTS
. | U.S. Patent Document Date of Publication af Cited Pages, Columus, Lines, Where
Examiner Cite . Name of Patentee or Applicant of Cited Daocument Relevant Passages or Relevant
Initials No.! Number Kind Code? Document MM-DD-YYYY Figures Appear
(if known)
2011/0193080 Yamazaki et al. 08/11/2011
2011/0210326 Suzawa et al. 09/01/2011
FOREIGN PATENT DOCUMENTS
) Pages, Columns,
. . Foreign Patent Document Date of Publication of Cited ‘;‘giises, VDV::':S
}E)fa:rnllr:er Igm‘; Kind Code® Name of Patentee or Document Relevant Passages or
nitials o Office’ Number? (if known) Applicent of Cited Document MM-DD-YYYY Relevant Figures T8
Appear

Examiner [Cring / Date 05/09/2013
Signature /Shrinivas Rao/ 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.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S.R./



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

PTO/SB/08A (08-00)

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

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

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(use as miaiy sheels as necessary)

Complete if Known
Application Number 1 3/008,285
Filing Date January 18, 2011

First Named Inventor

Shunpei YAMAZAKI et al.

Group Art Unit 2811
Examiner Name L. A Gurley
Shect 1 of Attorney Docket Number 0756-9138
rney
U.S. PATENT DOCUMENTS
. | U.S. Patent Document Date of Publication af Cited Pages, Columus, Lines, Where
f¥a.’"”le' Clte‘ . 2 Name of Patentee or Applicant of Cited Daocument Relevant Passages or Relevant
nitials No. Number Kind Code’ Document MM-DD-YYYY Figures Appear
(if known)
2011/0193080 Yamazaki et al. 08/11/2011
2011/0210326 Suzawa et al. 09/01/2011
FOREIGN PATENT DOCUMENTS
. Papes, Columns,
Exami . Foreign Patent Document Date of Publication of Cited Lines, Where
I ’f:i?l's':er g:}“‘; Kind Code® Name of Patentee or Document Relevant Passages or
o ) Office’ Number? (if known) Applicent of Cited Document MM-DD-YYYY Relevant Figures T8
Appear
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.




Electronic Acknowledgement Receipt

EFSID: 15432136
Application Number: 13008285
International Application Number:
Confirmation Number: 8496

Title of Invention:

SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

First Named Inventor/Applicant Name:

Shunpei YAMAZAKI

Customer Number:

31780

Filer:

Eric J. Robinson/Jennifer Rosenfeld

Filer Authorized By:

Eric J. Robinson

Attorney Docket Number: 0756-9138
Receipt Date: 04-APR-2013
Filing Date: 18-JAN-2011
Time Stamp: 13:56:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

475270
RESUBMISSIONOFIDS_04APR20,

13.pdf

yes

328d50b318e2d55f84d66¢8033f99bad7d2|
ale57




Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 3
Information Disclosure Statement (IDS) Form (SB08) 4 4
Warnings:
Information:
Total Files Size (in bytes); 475270

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New 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.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International 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/RO/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.




Attorney Docket No. 0756-9138

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: ) Confirmation No. 8496
Shunpei YAMAZAKI et al. ) Group Art Unit: 2814
Serial No. 13/008,285 ) Examiner: Shrinivas H. Rao
Filed: January 18, 2011 )
For. SEMICONDUCTOR DEVICE HAVING )

AN  OXIDE  SEMICONDUCTOR )

LAYER )

RESUBMISSION OF INFORMATION DISCLOSURE STATEMENT

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

Dear Sir:

It has come to Applicant’s attention that the Information Disclosure Statement
previously filed on February 14, 2012 was only partially considered by the Examiner.
Specifically, it is noted that while it appears that the Examiner has considered the
references cited therein by placing the electronic signature “/Shrinivas Rao/” in the
“‘Examiner Signature” block and the date “06/12/2012” in the “Date Considered” block,
the Examiner has not included the phrase “ALL REFERENCES CONSIDERED
EXCEPT WHERE LINED THROUGH' along with the examiner’s electronic initials” as
required by the alternate electronic signature method set forth in MPEP § 609.05(b).



-2- Application Serial No. 13/008,285
Attorney Docket No. 0756-9138

Further in this regard, it is noted that while a copy of the above-referenced form
1449 can be found in PAIR (Mail Room Date: 02-14-2012; Document Code: IDS;
Document Description: Information Disclosure Statement (IDS) Form (SB08)), further to
the telephone conversation with Examiner Rao on April, 4, 2013, the Applicant
resubmits a copy of form 1449, as requested by the Examiner, which was previously
filed with the Office on February 14, 2012, for the Examiner’s convenience. The above-
referenced Information Disclosure Statement was properly and timely filed on February
14, 2012 and is merely being resubmitted as requested by the Examiner. The Applicant
respectfully requests that the Examiner provide a copy of the Form PTO-1449 in
conformance with MPEP § 609.05(b) evidencing consideration of the above-referenced
Information Disclosure Statement.

The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16,
1.17, 1.20(a), 1.20(b), 1.20(c), and 1.20(d) (except the Issue Fee) which may be
required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280.

Respectfully submitted,

A

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



Attorney Docket No. 0756-9138
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: ) Confirmation No. 8496
Shunpei YAMAZAK] et al. ) Group Art Unit: 2811
Serial No. 13/008,285 )} Examiner: L. A. Gurley
Filed: January 18, 2011 )

For: SEMICONDUCTOR DEVICE )

INFORMATION DISCLOSURE STATEMENT

Honorable Commissioner fof 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 fto
Applicant and requests that this information be made of record in the above identified
application. Copies are submitted herewith in accordance with 37 C.F.R. § 1.98(a).

This Information Disclosure Statement is being submitted before the issuance of
a first Office Action on the merits, therefore, no fee is required.

Ther Commissioner is hereby authoriied 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 Deposi’z Account No. 50-2280.

Respectfully submitted,

Eric J. Robinson
Reg. No. 38,285

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

Suite 20 North

Fairfax, Virginia 22033

(571) 434-6789



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
31780 7590 03/20/2013
Robinson Intellectual Property Law Office, P.C. RAO, SHRINIVAS H
3975 Fair Ridge Drive
Suite 20 North | ART UNIT PAPERNUMBER |
Fairfax, VA 22033 2814
DATE MAILED: 03/20/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
13/008.,285 01/18/2011 INV001Shunpei YAMAZAKI 0756-9138 8496

TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 06/20/2013

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

or Fax

Commlssmner for Patents
P.O.Box 1

Alexandria, Virginia 22313-1450
(571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

3 1_780 7590 03/20/2013 . I hereby certify that this Fee(s) Transmittal is being deposited with the United
Robinson Intellectual Property Law Office, P.C. States Postal Service with sufficient postage for first class mail in an envelope
3975 Fair Ridee Dri addressed to the Mail Stop ISSUE FEE address above, or being facsimile

! air kidge Drive transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 20 North
Fairfax, VA 22033 Oepositors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/008,285 01/18/2011 INV001Shunpei YAMAZAKI 0756-9138 8496
TITLE OF INVENTION: SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
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1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

(1) the names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) the name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

2. For printing on the patent front page, list

1

2

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be

printed on the patent) :

[ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
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5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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DATE MAILED: 03/20/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 194 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 194 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Privacy Act Statement

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

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

1.

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

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

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.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.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.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) 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
regulation.



Application No. Applicant(s)

. . 13/008,285 YAMAZAKI ET AL.
STEVEN RAO 2814

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 08/12/2012.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-23. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp/Awww. uspto.gov/patents/init_events/pph/index.isp or send an inquiry to PPHfeedback@uspto.gov .

4. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a ) Al b)[dSome* c¢)[JNone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment’Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 09-12) Notice of Allowability Part of Paper No./Mail Date 20130111




Application/Control Number: 13/008,285 Page 2
Art Unit: 2814

Response to Amendment
Applicants’ amendment filed on 08/15/2012 has been entered.
Therefore Claims 1-23 as recited in the amendment are currently pending in the
Application.
Information Disclosure Statement
No further IDS after the one filed on 06/25/2012 (previously considered) have been filed
in the Application.

Allowable Subject Matter

1. Claims 1 to 23 are allowed.
2. The following is an examiner’s statement of reasons for allowance:
3. The Applied prior art of record does not describe/suggest the combination of

elements suggested in independent claims 1, 7,14 and 22 including the fourth
conductive layer in contact with the oxide semiconductor layer and wherein the source
/drain electrode region in contact with channel formation region has higher resistance
than other regions of the source/drain electrode ( cl.22), as Applicants. Initially stated
that 2011/0210326 to Suzawa was prior art in their IDS filed on 05/25/2012 ( which was
considered and mailed to Applicants’) and have argued in their response filed on
08/15/2012 that the present Application has an earlier effective filling date and therefore
effectively removing Suzawa as an applicable reference.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably



Application/Control Number: 13/008,285 Page 3
Art Unit: 2814

accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to STEVEN RAO whose telephone number is (571)272-
1718. The examiner can normally be reached on 8.30-5.30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Wael Fahmy can be reached on 571-272-1714. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Steven H Rao/ /Howard Weiss/
Examiner, Art Unit 2814 Primary Examiner, Art Unit 2814
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Attorney Docket No. 0756-9138

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: ) Confirmation No.: 8496
Shunpei YAMAZAKI et al. ) Examiner: Shrinivas H. Rao
Serial No. 13/008,285 ) Group Art Unit: 2814
Filed: January 18, 2011 )

)

For: SEMICONDUCTOR DEVICE

AMENDMENT

Honorable Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Official Action dated June 25, 2012, 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.

Remarks begin on page 3 of this paper.
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Attorney Docket No. 0756-9138

Amendments to the Specification:

Please replace the title beginning at page 1, line 1, with the following amended
title:

SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER
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REMARKS

The Official Action mailed June 25, 2012, has been received and its contents
carefully noted. This response is filed within three months of the mailing date bf the
Official Action and therefore is believed to be timely without extension of time.
Accordingly, the Applicant respectfully submits that this response is being timely filed.

The Applicant notes with appreciation the consideration of the Information
Disclosure Statements filed on January 18, 2011; February 8, 2011; April 14, 2011; May
31, 2011; February 14, 2012 and May 18, 2012.

Claims 1-23 are pending in the present application, of which claims 1, 7, 14 and
22 are independent. For the reasons set forth in detail below, all claims are believed to
be in condition for allowance. Favorable reconsideration is requested.

The Official Action objects to the title as not descriptive and requests a new title
that is clearly indicative of the invention to which the claims are directed page 2, Paper
No. 20120612). In response, the title has been changed to “SEMICONDUCTOR
DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER,” which is consistent with the
claims and is believed to be sufficiently descriptive. If the presently amended title is not
sufficiently descriptive, the Applicant respectfully requests that the Examiner further
clarify why the title is not descriptive or, if possible, suggest a title believed to be
sufficiently descriptive. Reconsideration of the objection is requested.

Paragraph 2 of the Official Action rejects claims 1-23 as obvious based on the
combination of U.S. Publication No. 2007/0187760 to Furuta and U.S. Publication No.
2011/0210326 to Suzawa. The Applicant respectfully disagrees and traverses the
rejection. In this regard, it is noted that Suzawa is not prior art to the present

application. Specifically, because Suzawa’s filing date of February 17, 2011, is later

than the current application’s filing date of January 18, 2011, Suzawa does not qualify

as prior art under 35 U.S.C. § 102. As such, the Applicant respectfully submits that the

Office has failed to provide a proper prima facie case for obviousness. Accordingly,
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reconsideration and withdrawal of the rejections under 35 U.S.C. § 103 are in order and
respectfully requested.

Should the Examiner believe that anything further would be desirable to place
this application in better condition for allowance, the Examiner is invited to contact the
undersigned at the telephone number listed below.

The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16,
1.17, 1.20(a), 1.20(b), 1.20(¢), and 1.20(d) (except the Issue Fee) which may be
required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280.

Respectfully submitted,

Eric J. Robinson
Reg. No. 38,285

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

Suite 20 North

Fairfax, Virginia 22033

(571) 4346789
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
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Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
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earned patent term adjustment. See 37 CFR 1.704(b).
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8)[] Claim(s) ____is/are objected to.
9)[J Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers
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DETAILED ACTION
Priority
Acknowledgement is made of papers filed claiming priority from Japanese Patent
Application No. 2010-012540 filed on January 22, 2010.
Information Disclosure Statement
The IDSs filed on 01/18/2011, 02/08/2011, 04/14/2011, 05/03/2011 and 02/14/2012
and 05/18/2012 has been considered and the initialed PTO1449s made of record.
Specification
1. The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed.
Claim Rejections - 35 USC § 103
1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

2. Claims 1-23 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Furuta ( U.S. Patent Publication No. 2007/ 0187760 and suzuwa U.S. Patent
Application No. 20110210326 both cited by Applicants; in their IDs)
With respect to claim/s 1,7 Furuta describes Furuta semiconductor device
comprising:
an oxide semiconductor layer; ( Fig. 9a110) 5
a source electrode ( fig. 9A 102) in contact with the oxide semiconductor layer
comprising: ( figs. 102 in electrical contact with 110)

a first conductive layer; (fig.9a,110a )and
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a second conductive layer; ( Fig.9a,103)
a drain electrode ( Fig. (a, second 102) in contact with the oxide semiconductor layer (
fig, (a, 102 in contact with 110) comprising:

a third conductive layer; ( fig. 8C,161) and
Furuta does not specifically mention a fourth conductive layer.

However Suzawa describes in para 130 etc. a fourth wiring line ( a fourth conductive
layer) to vertically integrate the elements of the transistor and form a miniature transistor
that operates at high speed and low power consumption.

Therefore it would have been obvious to one of ordinary skill in the art at the time of the
invention to include Suzawa’s fourth conductive layer in Furuta’s device, the motivation
for the combination is to vertically integrate the elements of the transistor and form a
miniature transistor that operates at high speed and low power consumption. ( Suzawa
para 017).

The remaining limitations of claim/s 1,7 :

a gate electrode overlapping with the oxide semiconductor layer; ( Furuta fig. 9a, 106)
and a gate insulating layer provided (Furuta 104)between the oxide semiconductor layer
and the gate electrode, ( fig.9 A)

wherein the second conductive layer extends beyond an end portion of the first
conductive layer, ( Furuta fig. 9a 119 a extends beyond 103)

wherein the fourth conductive layer extends beyond an end portion of the third
conductive layer, ( Suzuwa figs,244 extends beyond 242)and

wherein the end portion of the first conductive layer and the end portion of the
third conductive layer are opposed to each other. (Furuta fig. 9A) .

second conductive layer has a higher resistance than the first conductive layer, and
wherein the fourth conductive layer is over the third conductive layer, and the

fourth conductive layer has a higher resistance than the third conductive layer. (Furuta
abstract lines 3,5 etc.)

With respect to claim/s, 2,10,18,19 Furuta describes the semiconductor device
according to claim 1, wherein the first conductive layer, the second conductive layer, the
third conductive layer and the fourth conductive layer each has a tapered shape. (
Furua figs. three tapered layers Suzawa figs. four tapered layers)
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With respect to claims 3,15 Furuta describes the semiconductor device according to
claim 1, further comprising:

a first sidewall insulating layer over the second conductive layer and in contact

with the end portion of the first conductive layer; ( Suzawa fig.2 E, 254a )

and a second side wall insulating layer over the fourth conductive layer and in
contact with the end portion of the third conductive layer. Suzawa fig.4C).

With respect to claims 4,11 Furuta describes the semiconductor device according to
claim 1, wherein a material of the second conductive layer and a material of the fourth
conductive layer are a nitride of a metal. ( Suzawa para 0024)

With respect to claims 5,12,20 Furuta describes the semiconductor device according
to claim 1, wherein a thickness of the second conductive layer and a thickness of the
fourth conductive layer are from 5 nm to 15 nm. ( Furuta para 0024)

With respect to claims 6,13,21 Furuat describes the semiconductor device according to
claim 1, further comprising:

a first insulating layer provided between the oxide semiconductor layer and the

source electrode; and a second insulating layer provided between the oxide
semiconductor layer and the drain electrode, ( Furuta figs. 4 between s/d 2 and 3)
wherein the source electrode and the drain electrode are in contact with the

oxide semiconductor layer at end portions of the source electrode and the drain
electrode. ( Furuta figs., Suzawa figs.)

With respect to claim 8 Furuta describes the semiconductor device according to claim 7,
wherein the first conductive layer and the third conductive layer are in contact with the
oxide semiconductor layer. (Furuta figs., Suzawa figs,)

With respect to claims 9. 16 Furuta he semiconductor device according to claim 7,
wherein the second conductive layer extends beyond an end portion of the first
conductive layer, wherein the fourth conductive layer extends beyond an end portion of
the third conductive layer, and wherein the end portion of the first conductive layer and
the end portion of the third conductive layer are opposed to each other.

With respect to 14 Furuata describes a semiconductor device comprising:

an oxide semiconductor layer; a source electrode comprising: a first conductive layer;
and a second conductive layer in contact with the oxide semiconductor layer; a drain
electrode comprising: a third conductive layer; and a fourth conductive layer in contact
with the oxide semiconductor layer; a gate electrode overlapping with the oxide
semiconductor layer; and a gate insulating layer provided between the oxide
semiconductor layer and the

gate electrode, wherein the first conductive layer is over the second conductive layer,
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and the second conductive layer has a higher resistance than the first conductive layer,
and wherein the third conductive layer is over the fourth conductive layer, and the fourth
conductive layer has a higher resistance than the third conductive layer. ( rejected for
reasons under claims 1,7 above)

With respect to claim 22 Futura describes a semiconductor device comprising:

an oxide semiconductor layer including a channel formation region;

a source electrode including a region in contact with the channel formation

region; a drain electrode including a region in contact with the channel formation
region; a gate electrode overlapping with the channel formation region; and

a gate insulating layer provided between the oxide semiconductor layer and the

gate electrode, wherein the region of the source electrode has a higher resistance than
other regions of the source electrode, and wherein the region of the drain electrode has
a higher resistance than other regions of the drain electrode. ( rejected for reasons
under claim 7 etc. above).

With respect to claim 23 Futura describes the semiconductor device according to claim
22, further comprising: a first insulating layer provided between the oxide semiconductor
layer and the source electrode; and a second insulating layer provided between the
oxide semiconductor layer and the drain electrode, wherein the source electrode and
the drain electrode are in contact with the oxide semiconductor layer at end portions of
the source electrode and the drain electrode. ( rejected for reasons under claims 1,7 14
etc. above).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to STEVEN RAO whose telephone number is (571)272-
1718. The examiner can normally be reached on 8.30-5.30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Wael Fahmy can be reached on 571-272-1714. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Steven H Rao/ /Howard Weiss/
Examiner, Art Unit 2814 Primary Examiner, Art Unit 2814
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DESCRIPTION
SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

[0001]

Thé present invention relates to a semiconductor device using ZnO (Zinc Oxide) and a’
manufacturmg method thereof.
BACKGROUND ART -
[0002]

* A semiconductor device used for a display panel of atliquid crystal display device or an

EL (Electroluminésccnt) display device, for example, a sem'icdnductor portion of a TFT (Thin
Film Transistor), is generally formed by using a-Si (amorphous silicon) or poly-Sl
(polycrystalline silicon).
[0003] .

Si (silicon) does not have a large band gap (for éxamplé, single-crystalline Si is 1.1 ch, '

and absorbs visible light. By irradiation with the llght electrons and holes (carriers) are formcd

inSi. Ifa Si film is used for a channel formation region of a TFT, a carrier is generated in the

channel formation regxon 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 in an OFF state is

called “OFF-leak'cuernt”. If the current'value is high, a display panel does not operate

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

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

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

To solve the problem, an attention is paid to a transparent transistor using zinc oxide
(ZnO) which is a scmiéonductor having a larger band gap of 3.4 eV than that of Si. Concermning
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 region is disclosed in
Reference 1, for example. The structure of the semiconductor device using ZnO is described
referring to FIG. 7A. |
[0006]

A semiconductor device in FIG 7A has a source electrode 1001 and a drain electrode
1002, a ZnO layer 1003 arranged 50 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.bstréte.
[0007] ' |

- For the source electrode 1001 and the drain electrode 10Q2, a conductive ZnQ is used.
The conductive ZnO is doped with one of the following: B(bo'fon), Al (aluminum), Ga (gallium),
In (indium), or Tl (thallium), which are Il group eléments; F(fluorine), Cl (chlorine),” Br
(bromine), or I (iodine), which are VII group elements; Li (lithium), Na (sodium) K (potassium),
Rb (rubidium), or Cs (caesmm) which are I group c!ements and N (nitrogen), P (phosphorus) '
As (arsenic), Sb (antimony), or B1 (bismuth), which are V group elements.

[Reference 1] Japanese Published Patent Application No. 2000-150900
DISCLOSURE OF INVENTION -
[0008]

According to the examination by the present inventor, it was revealed that the substrate

1000 is etched in some cases when the source electrode 1001 and the drain electrode 1002 of the

‘top gate semlconductor device shown in FIG. 7A is formed by etching. Even in the case of

forming a base film 1006 formed by using a’silicon oxide film or a silicon oxynitride film on the
substrate 1000, the surface of the substrate 1000 is exposed in some cases when the base film is
etched. In addition, in the case of a bottom gate semiconductor device shown in FIG. 7B, it is
revealed that a gate insulating film 1004 formed by using a silicon oxide film or a silicon
oxynitride film is etched when a source electrode 1001 and a drain electrode 1002 are formed by
etching.

[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 oxynitride film is etched, an

impurity such as sodium is diffused into a semiconductor film 1003 from the substrate 1000, so
that characteristics are deteriorated.
{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 chgqn_el foﬁnation region, and a ZnO .
film to which an ]n-typc or p-type impurity is added is used for the source electrode and the drain
electrode. : |
[0012] | |

An aspect of a semiconductor device of this invention has an Al film or an Al alloyiﬁln;

over a silicon oxide film or a silicon oxynitride film, and a ZnO fil to which an n-type or p-tybe

impurity is added over the Al film or the Al alloy film. “A silicon oxide film”, “a silicon

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

film containing silicon oxide, a film containing silion oxynitride, a film containing Al a film

contaim'ngAl alloy, a film containing ZnO, resgective;lx.
[0013] .. | |
An aspect of .z; semioonductér 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 ZnO film to which an n-type or p-type impurity is
added over the Al film or the Al alloy film, and a ZnQ semiconductor film over the ZnO film to
which an n-type or p-type impurity is added and the gate insulating film.
[0014]
An aspect of a semiconductor device of this invention has an Al film or an Al alloy film

over a silicon oxide film or a silicon oxynitride film, a ZnO film to which an n-type or p-type
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impurity is added over the Al film or the Al alloy film, a an semiconductor film over the
silicon oxide film or the silicon oxynitridé film and the ZnO film to vu;hich an n-type or p-type
impurity is added, a gate insulating film over the ZnO semiconductor fiim, and a gate electrode
over the gate insulating film.
[0015] ' ' '

' An aspect of a manufacturing method of a semiconductor device of this inventfon 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 impixrity is added O;ICI' the Al film or the Al alloy film, wherein the ZnQ film
to which aﬁ n-type or p-type impurity is added. is etched to have an i_slanﬂ-like shape by a first
etching, and the Al film or the Al élloy film is etched to have an island-like shape by a second -
etching. | ‘

[0016]

An aspect of a manufacturing mcthdﬂ of a semiconductor device of this invention,
wherein a ZnO semicon&uf:tor film is formed over the ZnO film to which an n-type or p-type
impurity is added, and the silicon oxide film ‘or' the silicon oxynitride film after the sec;)nd‘
etching. . .
[0017] ‘

| In the case of the bottom gate semiconductor device, a gate insulating film formed By
using the silicon okide film or the silicon oxynitride film is formed over the ‘gate electr(;dc after

forming a gate electrode.

(0018]

In the case of the top gate séxﬁiconductor device, a gate insulating film is formed and a
gate electrode 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 etching of this invention may be dry etching.
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[0022]

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

A second etching of this invention may be wet etching,

[0024] ' A

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

. A second etching of this im?ention may be wet etching using an organic alkaline.
solution. . | ' |
[0026] _ _

" A second etching of this invention may B_g: ~wet etching using-g TMAH
(tctramcthylammolnium hydroxide). ' '
[0027] '

An aspect of a‘selmiconductor 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 écmicoﬂduétor material and an n-type 6r :
p-type impurity over the first film, and a third film comprising the transparent semiconductor
material over the second film and the gate insulating fiim. ' A
[0028] | |

An aspéct of a semiconductor device of th'is invention has an insulating ﬁlrﬁ over a

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

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

film, a third film comprising the transparcnt‘semiconductor material over the insulating film and
the second film, a gate insulating film over the third film, and a gate electrode over the gate
insulating film.
[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'—typc or p—typé impurity over the first film, etcﬁing the second film, and etching
the first film. '
[0030]

An aspect of a manufacturing method of a semiconductor device of this invention has
the steps of: forming a g;'tte electrode over a suBstrate', 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

: i'mpurity over second film, etching the second film, and etching the first film.

[0031].

In the top gate semiconductor device, a base film formed by usving a glass substrate, a
silicon oxide film or a silicon oxyﬁitﬁde film is not etched, and an impurity such as sodium is not
diffused from a substrate into a semiconductor film so that itsicl;a\_ractéristics are not dé;eriorated.
[0032] | |

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

[0033] . ‘
Since Al is 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 ac_comp.anying‘ drawings:
FIGS. 1A and 1B show scmiﬁonductor devices of this invention;
FIGS. 2A to 2D show manufacturing steps of a semiconductor device of this invention;
FIGS. 3A to 3D show manufacturing steps of a semiconductor device of this invention;
FIGS. 4A and 4B show manufacturing steps of a semiconductor device of this
invention;
FIGS. 5A to 5D show manufacturing steps of a semiconductor device of this invention;
FIGS. 6A to 6C show manufacturing steps of a semiconductor device of this invention;

FIGS. 7A and 7B show conventional examples;
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FIGS. 8A and 8B show a manufacturing step of a liquid érystal display device;
FIGS. 9A and 9B show manufacturing steps of a liquid crystal display device;
FIGS. 10A and 10B show manufacturing steps of a light—cmitting device;
FIGS. 11A and 11B show manufacturing steps of a light—cmitting 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 illustiates an

- equivalent circuit of a light-emitting device;

, FIGS. 15A to 15E each show;y an cxainplc: of an electronic apparatus to which this
invention is applied; and |

FIG. 16 shows an examplehof electronic apparatuses té which this invention is applied.
[0035] |

The embodiments of this invention ‘will 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 hcreinldisclésedl
can, be modified in various ways without departing from the purpose and the scope of ‘tl'xe
invention.  Therefore, this invention should not be interpreted as being limited to the

description of the embodiments to be given below.

BEST MODE FOR CARRYING OUT THE INVENTION
[0036] .. |
[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 electrode, 10a denotes a first
conductive film, 10b denotes a second conductive film, 11 denotes a drain electrode, 11a denotes

a first conductive film, 11b denotes a second conductive film, and 13 denotes a semiconductor
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film. An insulat-ing film for passivation or planarization may be formed over the semiconductor
film13. '
[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 electrode 11 ére formed over
the gate insulating film 5. The source electrode 10 is formed of a layereq film having the first
conductive film 10a and the second conductive film 10b; 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 betwcén the first conductive film 10a and the second c(;nductive'
film 10b, or between the first conductivé film 11a and the second clzond‘uctive'ﬁlm 11b. The
source electrode 10 and the drain electrode. 11 may be each fohned so as to overlap partially with -
the gate electrode 3 t-hrough the gate insulating film 5. The ge‘micc;nductor film 13'\is formed
over the source ellectrode 10 and the drain electrode 11 over the gate insulating film 5.

[0039]

Hércinaftcr, u'_:ach §tructure is described.

(1) substrate A _

The following can be used for forming a substrate: a Substrate formed by using a glass .
subgtrate; an insulating material such as alumina; and a plastic substrate which can resfst a
processing temperature in post-steps; ‘and the like. " In the case of using aﬁlastic subétrate for.
the substrate 1, the following can be used: PC (polycarbonate); PES (polyethersu‘lfo‘ne); PET
(polyethyle.nc t_erephthalate); PEN (polyethylene nﬁphthalate); or the like. In the case of thé
plastic subétfate, an inprganic layer or an organic layer may be provided as a'gas bamier layer
over the surface. In the case where a prominence due to dust or the like which is generated.on
the substrate in the manufacturing process of the plastic substrate, the substrate may be used after
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 (SiOxNy) (X>Y), and silicon
nitride oxide (SiNxOy) (X>Y) may be formed over the substrate 1 for preventing an impurity or
the like from diffusing from the substrate side.

[0040] '

(2) gate electrode
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A gate electrode can be formed by using an Al (aluminﬁm) film,a W (tﬁligsten) film, a
Mo (molybcfenum) film, a Ta (tantalum) film, a Cu (copper) film, a T{ (titanivm) 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 electrode 3 may be a single layer or a layered film in which two or moré layers

are stacked.

- [0041] -

. (3) gate insulating film

The gate insulating film 5 is formed by 'using an insulating film loontaining 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 layéred film of the first conductive film 10a
and the second conductive film 10b, and the drain electrode 11 is formed with  a layered filr'n of
the first conductive film 11a and the s;econd conductive film 11b.
[0043] A _

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

nickel) film, and aﬁ AlNd (neodymium aluminum) film can be used. As the second conductive

film, ZnO (zinc oxide) to which a p-type or n-type impurity of B (boron), Al (aluminum), Ga

(gallium), P (phosphorus), or As (arsenic) is added can be used. A metal film such as a Ti film

may be provided as a third conductive film between the first conductive film and the second
conductive film.
[0044]

(5) semiconductor film

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

[0045]
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(6) insulating film

An hinsulating film such as a passivation film and a planariza'tion film may be formed
over the semiconductor film 13, although not shown. Silicon oxide' (SiOx), silicon nitride
(SiNx), silicon oxynitride (SiOxNy) (x>y), silicon nitride oxide (SiNxOy) (x>y), a SOG
(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

- n'xanufacturing‘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.

[0047]

[Embodiment 2]

" Here, a tof) gate semiconductor device is described.

[0043] | |
FIG. 1B is a cross-sectional view sﬁowing one example of an embodiment of this

invention. In FIG. 1B, 'nu_meral reference 1 denotes a substrate, 20 denotes an insulating film,
25 denotes a source electrode, 25a denotes a first oonc_luctive film, 25b denotes a sccond:
conductive film, 26 denotes a drajn eiectrode, 26a dcnotés a first conductive film, 26b denotcsl a
second conductive film, 27 denotes a semiconductor film, 28 denotes a gate insulating film, and
29 denotes a gate electrode. An insulating film for -bassivation or planarization may bg formed
over the gate elcctréde. |
[0049]

The insulating film 20 is formed on the substrate 1, and the source electrode 25 and the

drain electrode 26 are formed over the insulating film 20. The source electrode 25 is formed

with a layered film of the first conductive film 25a and the second conductive film 25b, and the
drain electrode 26 is formed with a layered film of the first conductive film 26a and the second
conductive film 26b. A third conductive film may be formed between the first conductive film
25a and the second conductive film 25b, or between the first conductive film 26a and the second
conductive film 26b. The semiconductor film 27 is formed over the source electrode 25 and the
drain electrode 26 over the insulating film 20, the gate insulating film 28 is formed over the

semiconductor film 27, and the gate electrode 29 is formed over the gate insulating film 28.
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The gate electrode 29 may be formed so as to partially overlap v,\;ith the source electrode and the
drain electrode” with the gate insulating' film 28 and the scmicondllxctor 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 électrode, the same ones described in Embodiment 1 can be used. '

. (1) insulating film over substr;;te

An silicon oxide film or a silicon oxynitride film is fqrmed as the; insulating film 20 for
preventing an impurity or the like f.rom diffusing from the substrate sidg 6vcr the substrate 1. In -
addition, it may be a single layer or a layered film. ' .
[0052) |

(2) gate insulating film

The gate insulaﬁng 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 nitridek
oxide film, and é silicon nitride film. In addition, it may be a single layer or a layered film.
[0053] | '

(3) insulating film over gate electrode

An interlayer insulating film such as a passivation film and a planarization film may be

formed over the gate electrode 29, althodgh not shown. A SiO, film, a SiNx film, a SiON film,

SiNO film, an SOG (spin-on-glass) film, and an organic resin film of acrjlic or a layered film of

those can be used.

[0054]

In the top gate semiconductor device, the substrate or the base film formed by using a
silicon oxide film or a silicon oxynitride film is not etched, so that an impurity such as sodium is
not diffused into the semiconductor film from the substrate and the characteristics afc not
deteriorated. Al is used for a part of the source electrode and the drain electrode, thereby

achieving lower resistance of a wire.

[0055)
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" [Embodiment 3]

A rﬁanufacturing method of thev 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
gate 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 to have an island-like shape by a first etching and the first
conductive film is etched to have an island-like shape by a second etching to form source and
drain electrodes, and a ZnO semiconductor film is formed. '

[0056] . | |

As shown in FIG. 2A, a gate clectrode 3 is formed. -The ‘thic'kneés of the gate clectrode
may be 10 to 200 nm over a substllate 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 tSliNy) (x>'y)? silicon nitride oxide (SiNxOy) (x>y), or the like méy be formed with
a thickness of 10 to 200 nm by CVD or sputtering so as to prevent impurity or the like f.rom‘
diffusing from the substrate side _(FIG 2B).

{0058] . ' _

Thq insulating film 2 may be formed by prbccssing the surface of the substrate 1 with

high density plasﬁa. _For example, the high density plasma can be - generated -using a

microwave of 2.45 GHz, and it is only required that electron density ranges from 1x10" to

1x10%/cm’, and electron temperature is 2'eV or less. Such high density plasma has a low ‘

kinetic energy of active species and é 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 treatment by the high density plasma, as a nitride film formed over the
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sutface of the substrate 1, the ihsulating film 2 containing sﬂicbn nitride as a main component
can be forméd. " The insulating film 2 miy be formed by using a plurélity of layers in which a
silicon oxide film or a silicon oxynitride film is formed by plasma CVD over the nitride film.
[0060] .

In addition, a nitride film can be formed by nitriding over the surface of the insulating
film 2 with high density plasma similarly. |
[0061]

. The nitride film formed by mtndmg with high density plasma can suppress diffusion of
impurity from the substrate 1.
[0062] ‘

The gate electrode 3 can Be formed by using materials shown in Embodiment 1. Here, -
an AINd (aluminixm neodymium) film is formed by spuf}eﬁpg ﬁsing an AINd iprget and
processed into an'island-like shape. A photolithography method is used for processing the film
into an island-like shape, and dry etching or wet etching is used. | |
[0063] -

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 thickaess of 10 to 200 nm using a
known CVD or sputtering over the gate electrode 3 (FIG. 2A and 2B). The surface cleaning
step and the formanon step of the gate insulating film 5 may be carried out contmuously without
being exposed to air. In the case where an Al film is used for the gate electrode 3, when the
gate insulating film 5 is formed at a high temperature, a hillock is gcncratcd 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 iﬁsulating 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



10

15

20 .

25

30

WO 2007/058329 _ PCT/IP2006/323042
14

the material shown in Embodiment 1. Here, an AINi (aluminum nickel) film or an AINd film is
used. The first conductive film 6 can be formed by sputtering using an AINi target or an AINd

target. After forming the gate insulating 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 corductive film 7 can be formed by using the material

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

added is used. - Conséquently, an oﬁmic contact can be ecasily created between the second
conductive film 7 and a ZnO film which is formed as a semiconductor layer later. The second
conductive film 7 can be formed .by sputtering. For example, the following methods can be -
used for adding Al or Ga: sputtering using a ZnO target to which l1to iO weight % of Al or Gais
added; or sputterh;g in which an Al or Ga chip is mounted on.a ZnO target at 200 to 300°C.
[0067] ' |

| After forming tlllc'first conductive film 6, the second conductive film 7 may be formed
continuously without being exposed to the air. Therefore, formation from the gate insula-ting'
film 5 to the second conductive film 7 may be continuously éarﬁcd'out without being exposed to
air. '
[0068]

A third co.nducti_v.c.film 8 may be formed with a thickness of 10 to 200 nm bcﬁeen the

first conductive film 6 and the second conductive film 7 (FIG. 2D). - A contact resistance is

occasionally increased between the first conductive film 6 and the second conductive film 7

depending on'a heat treatment temperature in a manufacturing process. However, the contact
resistance can be reduced between the first conductive film 6 and the second conductive film 7
by forming the third conductive film 8. The third conductive film 8 can be formed by using a
metal film such as a Ti film which is formed by sputtering or the like.
[0069]

A resist xﬂask 9 is formed over the second conductive film 7, and the second conductive
film 7 is etched (FIGS. 3A and 3B). In the case of using wet etching, buffered fluoric acid (in

which HF (hydrofluoric acid) and NH4F (ammonium fluoride) are mixed), for example, solution -
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with a ratio of HF:NH4F (weight ratio)=1: 100 to 1: 10 is used.
[0070]

" In the case of using dry etching, anisotropic plasma etching using CH, gas can be used.
[0071] ' |

Under the second conductive film 7, the first conductive film 6 is formed. Thus, the
first conductive film 6 serves as an etching ‘stopper when the second conductive film 7 is Ietchcd.
Consequently, source and drain electrodes can be formea without damaging the gate insulating
film 5 in ‘etching. -

[0072] .

' A part of the first conductlve film 6 may be etched when the second conductijve film 7 is
etched. However, attention is rcqun'cd to be pald so as not to totally etch the first conductive -
film 6 because the gate insulating film is damaged if the first cpndnctlvc film 6 is totally etched.
[0073] | ’ '

Next, a source electrode 10 and a dréin 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 (tetramethylammonium'
hydroxide), which is a developer for a photoresist. o
[0074] |

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

solutlon the ctchmg ratio is. approxmately 300 nm/mm at 30°C.  On the othier hand the second

conductive film 7 or the gate msulatmg film 5 to Wthh the above-mentioned material is used is

not etched with TMAH. Corisequently, 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 6 can be etched using a developer which is used when a resist mask is formed without using
a special etching solution. Consequently, cost is reduced and efficiency is increased.
[0075]

The resist mask 9 is removed after forming the source electrode 10 and the drain
electrode 11.
[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 ovf:r the source electrode 10, thé drain electrode 11, and the gate insulating 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 etched 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 CHy gas can be used. o
[0078]. o ;

Zno is commonly used in the semiconductor film 1_2 and the sécond conductive films
10b and 11b, and it is difficult to. obtain -a sufficient etching selcctivity. However, since the
second conductive film 7 is required to be formed in a portiori_ in _contéct with the semiponductor
film .12, the secc;nd conductive film 7 may be etched in'a portion out of contact with the
semiconductor film 12, for example, a wire portion. In the above-mentioned etching method,
the second conductxvc fi lms 10b and 11b may be etched, but the first conductive films 10a and
11a are not etched. Consequently, thc first conductive films 10a and 11a serve as wires, and thc
elecirical connection with the semiconductor device is ensured.

[0079] .
‘An 1nsulatmg film 14 is formed with a thlckness of 50 nm to 1 jum overa semlconductor

film 13 by CVD or spuitering (FIG 4B). An msulatmg film contammg sﬂlcon as a main

component can be formed as the msulanng film 14. An organic resin film or the hke may be

stacked over the insulating film contammg 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 occasionall}} 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.

[6080] _
Contact holes are formed in the insulating film 14, and conductive films in contact with

the gate electrode 3, the source electrode 10, and the drain electrode 11 are provided if necessary.

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

[0082]
[Embodiment 4]
Here, a manufacturing method of a tdp gate semiconductor device is described, iﬁ 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 js formed ito have an island-like
shape by a second etching to foﬁn source and drain electrodes, a ZnO semiconductor film is -
formed, a gate insﬁlating film is formed, and a gate electrode 1s fqrmed. Note that it i_s needless
to say that matc;ials and methods for manufacture described’ in meodiments 1to 3 can be
applied to those used for the present embodime:nt.‘
[0083] ' |
As shown in FIG. 5A, a silicon oxide (SiOx) film is formed as an insulating film 20 6vc1;

a substrate 1 with a thickness of 10 to 200 nm by CVD or sputtering. The insulating film 20
prevents impurity or the like from diffusing from the substrate 1 side.
[0084] '

| A first coﬁductiyé film 21 for the source and drain electrodes is formed with a t.hickness

of 10 to 200 nm by sputtering or evaporétion over the insulating film 20. An'Al alloy film such

as AlINi (aluminum nickel) film which is shown in Embodiment 1 can be used as the first

conductive film 21. - After forming the insulating film 20, the first conductive film 21 may be
formed continuously without being exposed to the air.
[0085]

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

the second conductive film 22 may be formed continuously without being exposed to the air.
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Therefore, the steps of forming the insulating film 20 to the second conductive film 22 may be
carried out cdnti'nuously ‘without being exﬁoscd 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 J over the second conductive film 22, and thé second
conductive film 22 is etched (FIG. 5C). Wet etching using buffered 'ﬂuolric acid or dry etching
using CH3 gas can be used as an eu;hing method.

[0088] ' -

The first c'onductive 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]

When the second conductive film 22 is etched, a part of the first conductive film 21 may
be eiched. Note that if all of the first conductive film 21 is etched, the insulating film 20 is
efched and the subétrate 1 is expoécd, which would cause diffusion of impurity inciud;:d in the
substrate L A - |
{0090] ‘

The first conductive film Zi is etched to form the source electrode 25 and the drain
electrode 26 (FIG. 5D). Wet etching using a developer for a photoresist, TMAH 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 because 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]
After forming the source electrode 25 and the drain electrode 26, the resist mask 24 is
removed. '
[0092]

A ZnO film is formed with a thickness of 20 to 200 nm by sputtering as the
semiconductor film 27 over the source eléctrode 25, the drain electrode 26, and the insulating

film 20 (FIG. 6A).

- [0093] -

. The semiconductor film 27 / is etched by a photolithography  method to make an
island-like shaped semiconductor film 27. Wet etching using buffere.:d fluoric acid or dry
etching using CH4 gas can be used-as an etching method.

[0094] :

Zn0 is c’ommonly used for the semiconductor film 27 and th; 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 sourcé
and drain electrode portions, which is the same as Embodiment 3.

[0095]

A gate msulatmg film 28 is formed with a thickness of 10 fo 200 nm by CVD or

sputtering over the scmlconductor film 27 (FIG. 6B). The semmonductor film 27 may be

subjected toa high density plasma treatmcnt shown in the above-mentioned Embodlment to form

a gate msulatmg film. The surface of the semiconductor film 27 can be nitrided by the high

density plasma treatment under a nitriding atmosphere such as an atmosphere containing
nitrogen and a noble gas; an atmosphere cdntaining nitrogen, hydrogen, and a noble gas; and an
atmosphere containing ammonia and a noble gas.
[0096]

The gate insulating film 28 may be formed by using an insulating film containing
silicon as a main component, for example, a silicon oxide film, a silicon oxynitride film, a silicon
nitride film, and a silicon nitride oxide film. In addition, it may be a single layer or a layered

film.
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[0097]

A gate electrode 29 is formed over the gate insulating film 28 (FIG. 6B). The gate
electrode 29 can be formed by using the material shown in the above-mentioned embodiment,
and may be a single layer or a layered film including two or more layers. A known CVD
sputtering, evaporation, or the like can be employed as a method for film formation. Dry
etching or wet ‘etching method can be used for processing the gate electrode 29 into an
jsland-like shape with a photolithography method.
[0098] - , . _ |

. An insulating film 30 is formed with a thickness of 50 nm to 1 um by CVD or
sputtering over the gate electrode 29 and the gate insulating film 28 (FIG. 6C). The insulating
film 30 can be formed by using aﬁ insulating film containing silicon. An organic resin film or -
the like may be stacked over the insulating film containing si}icoﬁ. The insulatixi_g film 30
functions as a pianarization 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, tlhe' gate electrode 29, and the insulating film 30 are formed at a high

temperature. Thus, they are preferably formed at a low temperature, at 500°C or less,

preferably 350°C or less.

[0099]

_ As described above, this invention can prévent an impurity from'diffusing due to an
éxposurc of the 'gubstrq{e,l. An Al alloy film such as an AINi film is used as'the first
conductive film, thereby achieving lowe'y resistanéc of a wire. . | |
[0100] - | '

[Embodiment 5]

Here, a description is made of a method of manufacturing a liquid crystal display device
using a bottom gate 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 ap 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
photoli;hogrz{phy method and etching. |
[0102]

A gate insulating film 42 formed by using a silicon oxide film or a silicon oxynitride
film is formed by CVD or sputtering.
[0103]

An AINi film is formed as a first conductive film by sputtering over the gate insulating
film 42. * The first conductive film forms a source electrode 45a, a drain electrode 46a and a
source wire 47 later.

[0104] | |

A ZnO (zinc oxide) film t(; which Al is added is formed as a second conductive film by -
sputtering over the first conductive film. The second condui;tivg: ﬁlrﬁ forms a source electrode
45b, a drain electré)de 46b, and a source wire; 47 later.

[0105]

A resist 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 mnduéﬁve film (not shown inithe
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 ﬂrst conductlve film is etched usmg TMAH solution to form thc source

electrode 45a the drain electrode 46a, and the source wire 47. After-that, the res;st mask is

removed. -Then, the source electrode 45, the drain electrode 46, and the source wire 47 can be

formed without damaging the gate insulating film 42. In addition, since the ZnO film is not
etched by TMAH, the size of the island-like shaped second conductive film is not reduced.
Further, since an AINi film is used for the first conductive film, the resistance of the source wire
can be reduced.
{0107]

Next, a semiconductor film 48 is formed. A ZnO film is formed by sputtering, and
then, the semiconductor film 48 is formed from the ZnO film by a photolithography method and

etching. Wet etching using buffered fluoric acid is used as etching. The portion of the second
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conductive film out of contact with the semiconductor film 48 ‘may be partially removed here,
because the first conductive film is formed in a portion to be a wire. .
[0108]

An insulating film 49 is formed by CVD, sputtering, coating, or the like over the
semiconductor film 48. The insulating film 49 can be formed by using a layered film having an
'insulating film containing silicon, an orgaric 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 photolithography lmcthod and an etching
method. - -

[0110] ‘

A transp;lrent 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 matgﬁal-
such as Ag (silver), Au (gold), Cu (copper), W (tungsten), or Al (aluminum) is formed instead of
a transparent electrode. ‘ o ' '
[0112] |

' The portion where the pixel Aelc(':trode 50 and the auxiliary capac;itor 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 éapacitor 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 corner can be realized by using a
photomask pattern manufactured using a pattern of photomask. This will have advantages
described bélow. When dry etching using plasma is performed, generation of fine particles due
to abnormal discharge can be suppressed by chamfering a projecting portion. Even though the

fine particles are generated, the fine particles can be prevented from accumulating at the corner
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at the time of cleaning, and the fine particles can be washed ‘away by chamfering a concave
portion. Tims‘, a problem of fine particies or dust in the manufacturi.ng process can be solved
and the yield can be improved. ’
[0114] :

An alignment film 51 is formed so as to cover the pixel electrode 50. The alignment
film is formed by a droplet discharge method, printing, or the like. ~After forming the alignment
film, rubbing is conducted.

. [0115] -

. A color filter 55 is formed by using a colored layer and a light-shiel(iing layer (black
matrix), .and a protective insulating film 54 is formed on an o_ppo..v»ing substrate 56. A
transparént electrode 57 is fonn;ad, and an alignment film 53 is formed on the protective’
insulating film 54 '(FIG 9A). The alignment film is subjectcd toa ruBbing process. »

[0116] | '

Next, a closed pattern 75 of a sealant is formed by a droplet discharge method (FIG. 9B).
A region surrounded by 'thg sealant is filled with liquid crystal composition 52 (FIG. 9A).

[0117] 7 . _

After dfopping the liquid crystal composition 52 in the closed pattern. 75, the opposihg
substrate 56 and a substrate 1 in which a scmiéonductor device is formed are attached to each
other. When the liquid crystal composition 52 is filled, thefollowing altematxve may bc
adopted a seal pattem having an opemng portion is provided on the substrate 1; the opposing
substrate 56 and the substrate 1 are attached to each other; then, liquid crystal is m]e,cted using

capillary action.

| [0118]

As an alignment mode of the liciuid crystal composition 52, TN mode in which the
alignment of liquid crystal molecules is twisted at 90° from the side of light incidence to the side
of light emission, FLC mode, IPS mode, or the like can be used. Note that an electrode pattern
is different from one shown in FIG. 8B and is a comb-like shape in the case of the 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 between the opposing substrate 56 and the substrate 1 on which the
semiconductor device is formed may be kept by dispersing spherical spacers or forming a
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 'ﬁcrylic':,

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

" of silicon oxide, silicon nitride and silicon oxide containing nitrogen, or a layered film thereof.

[0121]- .
Then, an FPC (Flexible Printed Circuit) is attached to the tﬁc substrate 1 with an
anisotropic conductive layer intcrp-oscd therebeMeen using a known technique.
[0122] | ' |
A pcripl;eral driver circuit may be formed over the substrate. A plane exemplary
diagram is shown in FIG. 9B. | 4
[0123] -
A gate 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

dnver circuit 63 1s constltuted from at least a shlft register 63a, a buffer'63b, and an analog-

_switch 69 which samples video signals transmitted via video lines 68. A plurahty of gate wires

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

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

circuit 63 is arranged orthogonally to the gate wires 72.  In addition, an auxiliary capacitor wire
73 is arranged in parallel with the gate wires 72. In addition, a semiconductor device 65, a
liquid crystal portion 66, and an auxiliary capacitor 67 are provided in a region surrounded by
the gate wire 72, the source wires 71, and the auxiliary capacitor wire 73.
[0124]

The gate wire driver circuit 62, the source wire driver circuit 63, and the analog switch
69 are provided with a semiconductor device manufactured by the same manufacturing method

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

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

opposing electrode.

' [0126]

. In the aforemehtioned liquid érystal display device, the gate insulating film is not-etched
and the characteristics do not become unstable, and thus, high reliability is realized. In the case
of ﬁsing'a top gate scmiconductér device, a glass substrate or a base film formed by using, a~
silicon oxide filml or a silicon oxynitride film is not etched, sov_'tha.t impurity such as sodium is not
diffused into a semiconductor film from the substratc and thé 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 achieviné
lower resistancc- of a wire.
[0128]
{Embodiment 6] '
Here, a description is made of a method for manufacturing a light-ém;'tting.device 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 parts as those of the above embodimcﬁts are denoted by the same reference
numerals.

[0130]

In the EL display device, the pixel electrode 50 functions as an anode or a cathode. As



10

15

20

25

30

WO 2007/058329 . ‘ PCT/IP2006/323042
26
the material for the pixel electrode 50, thc following can be employed: a conductive metal such
as alummum (Al), silver (Ag), gold (Au) platinum (Pt), nickel (Ni), tungsten (W), chromium |
(Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), palladxum (Pd), lithium (Li),
caesium (Cs), magnesium (Mg), calcium (Ca), strontium (Sr), or titanium (Ti); an alloy such as
aluminum-silicon (Al-Si), aluminum-titanium (Ai—Ti), or -aluminum-silicon-copper (Al-Si-Cu);
nittide of a metal material such as titanium nitride (TiN); a metal compound such as ITO, o

containing silicon, or IZO.

- [0131]

- An electrode from which light/ emitted from an EL layer is extracted is only required to
be formed by using a light-transmitting conductive film, and a very thin fiim of metal such as Al
or Ag may be used as well as a mcfa! compound such as ITO, ITO containing silicon, or IZO.
[0132] ' _ | |

When ]iéht—emission is extracted from an electrode which is opposed to the pixel
electrode 50, a highly reflective material (Al, Ag, or the like) can be used for the pixel electrode
50. In this embodimcﬁt,_ ITSO, which means ITO containing silicon, is used as the pixel
electrode 50 (FIG 10A). ‘
[0133]

~ Next, an insulating film formed by using an organic material or an inorganic material is
formed so as to cover the insulating film 49 and the pixel electrode 50. Then, the msulatmg -
film is processed to expose the pixel electrode 50 parually, thereby forming partmon walls 81.

As the material of the partition walls 81 a photosensitive organic material (such as acryhc or

polyimide) is preferable. Altematively, 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 82 including a light-emitting substance is formed. Then, a
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light-emitting element with the iayer 82 including a light-emittiﬁg substance interposed between
the pixel eléclrbdc 50 and the opposing é]cctrodc 83 can be manufaciurcd, and light-emission
can be obtained by applying a voltage between the opposing elecirode 83 and the pixel electrode
50. '
[0135]

As an electrode material used for forming the opposing electrode 83, a material éimilar
to one which can be used for the pixel electrode can be used. In this embodiment, aluminum is
used fora second electrode,

[0136]- '

The layer 82 including a light-emitting substance is formed by c»;aporation, ink-jet, spin
coating, dip coating, roll-to-roll me;thod, sputtering, or the like.
[0137] |

In the case of an organic electroluminescent display device, the layer 82 including a

light-emitting substance may be a layered film of layers having functions of hole transportation,
hole injection, electrpn‘trgnsportationv, electron injection, or light-emission, respectively, or a
single layer of a light-emitting layer. As a layer including a ljght;emitting substance, a singlé
layer or a layereﬂ film of an organic (.:ompound may be used.

[0138] ' _ '

A hole injecting layer is provided between an anode and a hole transporting layer. As.
tﬁc hole injecting iaycr, a mixed layer of an organic compound and a metal oxide can.be used.
This prevents short circuit between the 'pixcl electrode 50 and the opposing el;:ctrode 83 due to.
unevenness which is formed on the surface of the pixel electrode 50 or a foreign substance which
is left on the surface of the electrodé. 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,
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zirconium oxide, hafnium oxide, vanadium oxide, niobium oxide, tantalum oxide, chromium
oxide, molyl;deﬁum oxide, tungsten oxide, titaniuonxide, manganese o;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'-bis[N-(1-napthyl)-N-phenylamino]biphenyl (NPB),

4,4’ —bis[N—(B-methylphenyl]-N-phcnylaminb]biphenyl - (TPD),
4.4’ 4"~iris(N N-diphenylamino)triphenylamine : (TDATA),
4 4', 4 -tris|N-(3-methylphenyl)- N-phcnylammo]tnphcnylammc (MTDATA),
4.4'-bis{N-[4-(N, N-dl-m-tolylammo)phenyl]—N-phcnylannno}blphenyl (DNTPD),

1,3,5-tris[N,N-di(m-tolyl)amino] ~benzene (m-MTDAB), and 4 4;,4”-tris(N-carbazolyl)
triphenylamine (TCTA); phthalocvanmf‘ (H,Pc); copper phthalocyanme { 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 m]ectmg layer and the light-emitting layer when the hole injecting laycr is
provided. The hole transporting layer is formed by using a layer which has an exoellcnt
property of transportmg 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 substances mentioned here have the holc mobility of 1 x 10 6 10 cm /Vs mamly
Note that a substance havmg higher transporting propcny of holes than electrons may be used as

well as the materials, Note that the hole transporting layer may be formed by not only a single

layer but-also a layered film'in which two or more layers formed from the above mentioned

substances are stacked.
[0142]

The light-emitting layer is provided between the anode and the cathode, or between the
hole transporting layer and the electron transporting layer when the hole transporting layer and
the electron transporting layer are provided. There is no particular limitation on the
light-emitting layer; however, a layer serving as the light-emitting layer has two modes roughly.
One is a host-guest type layer which includes a dispersed light-emitting substance in a layer

formed of a material (host material) having a larger energy gap than an energy gap of a
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light-emitting substance (d0paﬁt material) which becomes a luﬁinescent center, while the other
is a layer in ‘wh'ich a light-emitting layer is made of a light-emitting suﬁstance only. The former
is préferablc, because concentration quenching hardly occurs. As the 'light~emitting substance
to be a lsminescent 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; periﬂahthcne;
2,5-dicyano-1, 4—bis(10-mct'hoxy—1,1,7,7-tetramcthyljulolidine—9—enyl)benzenc;

‘ N,N’—dimefhquuinacridone (DMQd); coumarin  6; coumarin 545T;  tris

(8—quinblinolatb)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; Ir(ppy)s;
Btp,Ir(acac); Flrpic; or the lch,. As the base 'material to be a host material in the case of
forming the layer in which the light-emitting substance is diffjuse_d, the following can i)_e used: an
anthracene dcriyz;tive such as 9,10-di(Z-naphtyl)—2-tcn-butyianthracene (t-BuDNA); a carbazole
derivative such as 4,4'-bis(N-carbazolyl)biphenyl (CBP); or a metal complex such as
tris(8—quinolinolato)aluxﬁipum (Alqa),. tris(4-methyl-8-quinolinolato)aluminum | (Almgs);
bis(lO-hydroxybenzo[h]—quiﬁolinato)beryllium4 ‘ - ‘ (Bquz);
bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum ' (BAIE;);‘ :
bis[2-(2—hydroxyphcnyl)pyridinato]zinc (Znpp,); or bis[2-(2-hydroxyphenyl)benzoxazolate]zinc
(ZnBOX). As the material which can constitﬁtc the light-emitting layer onlyl witﬁ a
ﬁgtnt-cmitting sub.stancc,. tris(S-quinolinolato)aluminum (Algs), 9,10-bis(2-’ngphtyl)anthraccn¢
(DNA), bis(2-methyl—8—quinoliriolato)-ti—phenylpheﬁolato-aluminum (BAlq), or the likc can be

used.

[0143]

An electron transporting layer is provided between the light-emitting layer and the
cathode, or betweén the light-emitting layer and an electron injecting layer when the electron
injecting layer is provided. The electron transporting layer is a layer having an excellent
electron transporting property, and for example, a layer formed using a metal complex having a
quinoline skeleton or a benzoquinoline skeleton such as tris(8-quinolinolato)aluminum (Alqs),
tris(5-methyl-8-quinolinolato)aluminum (Almgs), bis(10-hydroxybenzo[h]-quinolinato)beryllium
(BeBqa), and bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (BAlg). In addition,
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a metal cdmplex having "an  oxazole ligand or a thiazole ligand such as
bis[2—(2~hydfoxypheny1)-bcnzoxazolato]ziﬁc : | (Zn(BOX)z),
bis[2-(2-hydroxyphcnyl)-benzofhiaiolato]zinc (Zn(BTZ),), or the like can be used. In addition
to the metal complexes, 2—(4—biphcnylyl)-S-(4—tert-butylphcnyl)-1,3,4-oxad_iazole (PBD);

1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (OXD-7);
3—(4-tert-butylphc:nyl)-4-phenyl—5-(4-biphenyiyl)-1,2,4-triazole ' (TAZ);
3-(4-tcrt-buty1phenyl)-4-(4-ethylphcnyl)—5-(4-biphenylyl)—1 2,4-triazole (p-EtTAZ);

' bathOphcnanthrolme (BPhen); bathocuprome (BCP); or the like can be used. These substanccs

mentioned here mamly have the electron mobility of 1 x 10 to 10 cm?Vs. Note that other
substance may be used for the electron transporting layer so long as 1t} has a higher electron
transporting property than a hole tr'ansporting property. Further, the electron transporting layer -
may be formed by not only a single layer but also a layercd: film in ‘which two or nipre layers
made from the ab(!)ve mentioned substances are stacked.

[0144]

The electron m]ectmg layer is provxded between the cathode and the electron
transporting Iayer As the electron m]cctmg layer, a compound of alkah metal or alkaline earth
metal such as hthlum fluoride (LiF), cesium fluoride (CsF) or calcium fluoride (CaF,) can be
employed. In addition to that, a layer formed by using an electron transporting substance which
contams alkali metal or alkaline earth' metal, for example Algs containing magncs:um (Mg) or
the like can be uscd
[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.
[0146]
A fluorescent substance in which a donor impurity such as Cl (chlorine), I (iodine), or
Al (aluminum) is added with Cu (copper) in ZnS can be used.
[0147]
As the dispersing agent, the following can be employed: a polymer having a relatively

high dielectric constant such as cyanoethyl cellulose based resin, polyethylene based resin,
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polypropylenc based resin, pdlystyrene based resin, silicone ~rf:sin, epoxy resin, vinylidene
fluoride rcsiﬁ, or the like. The dielectric constant can be adjusted i)y mixing the resin and
minute particles having high dielectric constant such as BaTiOs (barium titanate) or SrTiOs
(strontium titanate). As a diffusing means, an ultrasonic 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 dielectric layer, a highly dielectric and insulating

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

metal oxide or nitride, for example, TiO,, BaTiOs, SrTiO3, PbTIO;, KNbO;, PbNbOs, Taz0s,
BaTa20¢, LiTaO3, Y203, Al O3, z}oz, AION, ZnS, or the like. Those may be disposed as a ~
uniforin film or a film havin g a particle structure. ‘ |

[0149] |

In the case of an inorganic electroiuminesceht display device, a double-insulating
structure in which a light-eniitting layer is interposed .between insulating layers may be
employed. ~ The light-emitting layer can be formed by- using a II-VI compound such as Mn
(manganese) or ZnO (zinc sulfide) containing a rare earth element, and the insulating layer can
be formed by using oxide or nitride such as Si3Ny, Si0;, Al 03, or TIO;.

[0150] | |
| A silicon 'oxideA Aﬁlm containing nitrogen is formed as a passivatiqn film over the
opposing c}éctrode 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 SiHs, |
N,0, and NH; by plasma CVD; a silicon oxynitride film formed by using SiHs, and N2O; or a
silicon oxynitride film formed by using a gaé in which SiH; and N,O is diluted with Ar.

[0151]

A silicon oxide nitride hydride film manufactured from SiH4, N2O, and H; may be
employed as a passivation film. Note that a passivation film is not limited to the
aforementioned substance. Another insulating film containing silicon as a main component can
be also used. In addition, a layered film structure may be employed as well as a single layer

structure, Further, a multilayer film of a carbon nitride film and a silicon nitride film or a
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multilayer film of a styrene polymer can be used. A silicon nitride film or a diamond-like
carbon film may be formed. '
[0152]

Then, a display portion is sealed to protect a light-emitting element from a material such
as water which promotes deterioration. In the case of using an opposing substrate for sealing,
the opposing substrate is attached by using an insulating sealant so as to expose an 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 sealant to the pixel portion entirely. It is preferable to use an ultraviolet curing resin
or the like as the sealant. A drying agent or particles for keeping the gap lbetwcen the substrates
constant imay be mixed in the scala;lt. Then, the light-emitting device is completed by attaching
a flexible wire board to the external connection portion. | -
[0153] |

One example of a structure of the light-emitting device manufactured as described
above is shown refeniné 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,l
and the explanations are occasionally omitted. '
[0154]

FIG. 11A shows a structure in which the bixel electrode 50 is formed using a light

transmitting conductive film, an'd‘ light generated in the layer 82 including a light-cmitting

substance is emitted toward a substrate 11. Further, reference numeral 86 denotes an bpposing
substrate. - This opposing substrate is fimﬂy attached to the substrate 1 using a sealant or the _
like after forming a light emitting eleﬁcnt. 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 element can be prevented from being
deteriorated by moisture or the like. Preferably, the resin 85 has a hygroscopic property.
More preferably, a drying agent 84 with a high light-transmitting property is dispersed in the
1esin 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 havin'g light-transmitting property.
Accordingly,mlight can be emitted toward both the substrate 1 and the 6pposing substrate 86 as
shown.by an arrow of dotted lines. In this structure, by providing polaﬁzing plates 88 outside
of the substrate 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 either a voltage or a current. |
[0157] | ' |

" When the iight—cmitting element emits light, a video s‘.ig.nal to ‘be inputted to a 'pixel may
have either a cons;ant voltage or a constant current. When a video signal has a constant voltage,
a constant voltage is applied to a light-emitting element or a constant 'currcnt flows through the
light-emitting element. ' |
[0158] | |

Also, when a video signal has a.constant cuﬁent, a constant voltage is applied to a-
light-emitting element or a constant current flows through the light-emitting element. A driving
method where a constant voltage is applied to a hght—emmmg element i§ called a constant :
voltage dnve Meanwhlle a driving method where a constant current ﬂows through a
lxght—emlttmg element is called a constant current dnvc In the constant currcnt dnve, constant |
current flows regardless of change in resistance of a light emitting element. The light emitting
display device according to this inven'tion 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-emitting element js 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 electrode and the drain electrode, thereby achieving
lower resistance of a wire.
[0161] ‘
A pixel circuit and a protective circuit included in a panel and module, and opération

thereof are shown referring 1o FIGS. 12A to 12F and 13 or the like. FIGS. 10A and 10B and

" 11A and '11B each show a cross-sectional view of a driving TFT 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 .timc of the driving TFT 1403, and may have the same structure as the
driving TFT 1403. '
fo162} ' )
A pixel sfxown 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'wigching TFT 1401, the driving 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 electrodc of the dnvmg TFT 1403 is connected to the power source line 1412 prov1dcd in
the row dlrcctlon 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 arrangmg 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,
attention 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
manufactured with different layers.
[0164]

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

current control TFT 1404 are connected serjally within the pixel, and it is preferable to set the
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channel length L (1403) and the channel width W (1403) of the driving TFT 1403, and the
channel lcng;h L (1404) and the channel width W (1404) of the current éontrol TFT 1404 so as to
satisfj L (1403)/W (1403):L (1404)/W (1404)=5 to 6000:1. A
[0165]

The driving TFT 1403 operates in a saturation region and serves to control the current
value of the current flowing into the ligh't-émitting element 1405. The current contrél TFT

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

" element 1405. Both thc IEFTs prefcrably have the same conductlwty type in the manufacturing

process; and the TFTs are n-channel type TFTs in this embodiment. The driving TFT 1403 may.
be either an enhancement mode TFT or a depletion mode TFT. Since t};e current control TFT
1404 operates in the linear region m the light emitting device having the above structure, slight
fluctuation of Vgs of the current control TFT 1404 does not affect the current value of the
light-emitting element 1405. That is to say, the current value of the hght—emlttlng element 1405
can be determined by the driving TFT 1403 opcratmg in the saturation region. With the above
structure, the variation of the luminance of the light-emitting element due to the variaﬁon 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 to control t'he

input of the v1de0 signal to the pixel, and the v;deo signal is mputted into’ the pixel when the

_switching TFT 1401 is turned on. Then the voltage of the video signal is held in the aux1hary
capacitor 1402, Although 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 auxiliaky 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 émd' OFF of the TFT 1406 is controlled by the additionally brovided scan line 1415.
When the TFT 1406 is turned on, the charge held in the auxiliary capacitor 1402 is discharged,
thereby turning off the current control TFT 1404. In other words, by the provision of the TFT
1406, a state can be produced compellingly in. which the current does not flow into the
light-emitting element 1405. For this reason, the TFT 1406 can be referred to as an eraser TFT.
Consequently, in the structures shown in FIGS. 12B and iZD, a lighting period can be started at
tﬁe 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 be increased.

[0169]

" Ina pixel shown in FIG iZE, the 'signal line 1410 and the power source line 1411 are -
arranged in the column direction, and the scan line 1414 ls ayranécd in the row direction.
Further, the pixel includes the switching TFT 1401, the driving TFT 1403, the auxiliary capacitor
1402, and the light-emitting element 1405. A pixel shown in FIG 12F has the same pixel
structure as that shown 'in'FIG. 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 pikel
dénsity increases, 'becauée. the TFTs are provided in respective pixels. Theréfofc, it is
considered that the active matrix light-eniitting devicé' is advantageous. - - . |
[0171] ' '

Although this embodiment described the active matrix light-emitting device in which
the respective TFTs are provided in respectivc pixels, a passive vmatrix light-emitting device can
also be formed. Since the TFIs are not provided in respective pixels in the passive matrix
light-emitting device, high aperture ratio can be obtained. In the case of a light-emitting device
in which light is emitted to both sides of the light emission stack, the transmissivity of the
passive matrix light-emitting device is increased.

[0172]

Subsequently, a case will be described in which a diode is provided as a protective
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circuit on the scan line and the signal line with the use of an équivalent 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 element 1405 are provided in a pixel area 1500. Diodcs' 1561 and 1562
are provided on the signal line 1410. In the similar way to the switching TFT 1401 and the
driving TFT 1403, the diodes 1561 and 1562 are manufaétured based on the above embodiments,
and have a gate electrode, a semiconductor layer, a source.electrode, a drain electrode, and the
like. The diodes 1561 and 1562 are })perated as diodes by connecting the gate electrode with
the drain electrode or the source electrode. '

[0174] )

Common potential lines 1554 and 1555 connecting to the diodes 1561 and\ 1562 are
formed by usingI the same layer as the gate electrode. ﬁerefore, in order to connect the
common potential lines 1554 and 1555 with the source electrode or the drain electrode of the
diode, it is necessary to fox:m 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 rﬁanner, 'p,rotection diodes can be simultaneously formed. in an'inbut stage
according to this invention. Fﬁﬁher, the positioné of the protection diodes are not limited to thié,

and they can be provided between a driver circuit and a pixel.

- [0177]

A top view of a pixel portion in the case of using an equivalent circuit shown in FIG
12E is described in FIG. 14A. In addition, the same equivalent circuit as that'in FIG 12E is
shown in FIG 14B. Each semiconductor device shown in FIGS. 10A, 10B, 11A, and 11B is
corresponds to 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 source electrode and the drain electrode of the driving
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TFT 1403 are formed by using the second conductive-ﬁlm.
[0178] '

The switching TFT 1401 is manufactured by the same method as the driving TFT 1403.
The drain clectrode 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.sulating film in-
the same layer as the gate insulating film 42. '
[0179]

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

[0180] | |

TA light—eniitting region 1420 is formed in an openihg poﬂibn of a partitioxiN wall 81.
The partition wall l81 is formed in the vicinity of the light-emitting region 1420, although it is not
shown. The comner portion of the light-emitting region 1420 may be founded. By making the
corner portion of the opénipg portion of the partition wall 81 rounded, the comer portion of the
light-emitting region 1420 -can be rounded. -When dry etching using plasma .is performed to
process the partition wall 81, generation of fine particles due to abnormal discharge can be
suppressed by making the comer portion rounded. |
[0181]

- This embddimenf can be combined with a suitable structure of the above embodiments
as appropriate. | .

[0182]

[Embodiment 7}

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

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

[0183]

FIG. 15A shows a monitor for a television receiver or a personal compﬁter, or the like,
including a housing 3001, a display area 3003, speakers 3004, and the like. An active matrix
display device is provided in the display area 3003. Each pixel of thé display area 3003
includes a semiconductor device manufactured in accordance with this invention. By using the
semiconductor device of this inventioﬁAwit_h this structure, a television with less characteristic‘
deterioration can be obtained.

[0184] :

* FIG. 15B shows a cellular phone, including a main body 3101; a housing 3102’1 a display
area 3103, an audio input portion 3104, an audio output pOl"t.iO;l 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 Flisplay area 3103 includes a semiconductor device manufactured in
accordance with this invention. By using the semiconductor d;vicé of thi; invention with this’
structure, a cellular phone with less charact_eristié deterjoration can be obtained.

[0185]
FIG. 15C shows a computer, including a main body 3201, a housing 3202 a dlsplay area

‘3203 a keyboard 3204 an external connection port 3205, a pointing mouse 3206, and ‘the like.

An active matrix display device is provided in the dlsplay area 3203. Each plxcl 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 matrix display
device is provided in the display area 3302. Each pixel of the display area 3302 includes a
semiconductor device manufactured in accordance with this invention. By using the

semiconductor device of this invention with this structure, a mobile computer with less



10

15

20

WO 2007/058329 PCT/IP2006/323042
‘ 40

characteristic deterioration can be obtained.
[0187]

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 wi.th this invention. By

using the semiconductor device of this invention with this structure, a portable game machine

- with less characteristic deterioration can be obtained.

[0188]. ' '

FIG. 16 shows.a flexible display, including a main body 3110, a p'ixel area 3111, a driver
IC 3112, a receiving device 3113;'3. film buttery 3114, and the like. The recejving device can -
receive a signal from an infrared communication port 3107 of the abo(ze described celli_xlar phone.
An active matrix ‘display device is provided in the pixel area 3111.  Each pixel of the pixel area
3111 includes a semiconductor device manufactured in accordance with this 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] R

Tﬁe present application is based on Japancsé 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
irhpurjty over the first film; and .
. a third film comprising the traﬁsparcnt semiconductor material over the second Afilm and

the gate insulating film..

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

i
comprises silicon oxide or silicon oxynitride.

3. A semiconductor device according to claim 1, wherein the metal material is aluminum

or aluminum alloy.

4. A semiconductor device according to claim 1, wherein the transparent semiconductor

material is zinc oxide.

5. A semiconductor device comprising:

an insulating film over a substrate;

a first film comprising a metal material over the insulating film;

a second film comprising a transparent semiconductor material and an n-type or p-type
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 film; and

a gate electrode over the gate insulating film.
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6. A semiconductor device according to claim 5, wherein the insulating film comprises

silicon oxide or silicon oxynitride:.

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

or aluminum alloy.

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

- material is zinc oxide.

9, A-manufacturing method of a semiconductor device, mmprising:
forming an insulating film over a substrate;
- forming a first film comprising a metal material over thc msulatmg film;
forming a ‘second film comprising a transparent semlconductor material and an n-type or
p-type impurity over the first film,
etching the second film, and

etching the first film.
10. A manufacturing method of a semiconductor device according to Claim 9, further
comprising forming a third film comprising the transparent semiconductor material over the .

second film and thc-insulat'in_g film after the step of etching the first film.

11. 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 aluminum or aluminum alloy.

13. A manufacturing method of a semiconductor device according to claim 9, wherein

the transparent semiconductor material is zinc oxide.
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14. A manufacturing method of the semiconductor device according to claim 9, wherein

the substrate is a glass substrate.

15. A manufacturing method of the semiconductor device according to claim 10,

wherein the transparent semiconductor material is zinc oxide.

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

- the etching of the second film is wet etching.

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

the etching of the second film is wet etching using a buffered fluoric 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 according to Claim 9, wherein

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

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

the etching of the first fil;ﬁ is performed by wet etching.

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

the etching of the first film is performéd by wet etching using a developer for a photoresist.

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

the etching of the first film is performed by wet etching using an organic alkali solution.

23. A manufacturing method of the semiconductor device according to Claim 9, wherein
the etching of the first film is performed by wet etching using TMAH (tetramethylammonium
hydroxide).
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24. A manufacturing method of a éemiconduc’tor device, oomprfsing:
forming a gate electrode over a substrate;
forming a gate insulating film over the gate electrode;
forming a first film comprising a metal material'over the gate insulating ﬁlm;
forming a second film mmpﬁsing a transparent semiconductor material and an n-type or
p-type impurity over second film,
' etching the second film, and

,etching the first film.

25. A manufacturing method of the semiconductor device according to Claim 24, further .
comprising 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 aluminum or aluminum alloy:

28. A manufacturing method of the semiconductor device accordihg 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 substrate.

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:
fom;ing a gate insulating film over the third film, and

* forming a gate electrode over the gate insulating film.

32. A manufacturing method of the semiconductor device according to Claim 24,

wherein the etching of the second film is performed by wet etching.

33. A manufacturing method of the semiconductor device 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 using CH, gas.

35. A manufacturing method of thc. 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 sehliéonductor device according to Claim 24,

wherein the étching 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 etching using 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 film, 8: third conductive film, 9: ‘resist mask, 10: source electrode, 10a:
source electrode, first conductive film, 10b:' SOurce electrode, second conductive film, 11: drain
electrode, 1la: dr‘ain electrode, 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: rcsiét mask, 25: source electrode, 25a: source electrode, first qonductive film, 25b: source
electrode, jsecond 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&tc insulating film, 45: source electrode, 45a: source electrode, 45b: source electrode, 46:
drain electrode, 46a: drain electrode, 46b: drain electrode, 47: source wire, 48: scmicohdudor

film, 49: insulating film, 50: pixel electrode, 51: alignment wire, 52: liquid crystal composition, ,

" 53: alignment film, 54: protective insulating film, 55: color filter, 56: opposing substrate, 61:

subs;tratc, 62: gate wire driver circuit, 62a: shift register, 62b: buffer, 63: source wire driver .
circuit, 63a: shift register, 63b: buffer, 64: active matrix portion, 65: semiconductor device, 66:
liquid crystal portion, 67: auxiliary capacitor, 68: video liné, 69: analog 'swit(‘:h, 71: source wire,
72: gate wire, 73: auxiliary éapacitor wire, 75: sealant, 81: partition wall, 815: -end surface, 82£

layer including light-emitting substance, 83: opposing electrode, 84: aryi:lg agent, 85: resin, 86:

-opposing sﬁbstrale, 87: protective film, 88: polarizing plate, 100: auxiliary 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: power source line, 1414: scan line, 1415:
scan line, 1420: light-emitting region, 1500: pixel portion, 1554: common potential line, 1555:
common potential line, 1561: diode, 1562: diode, 1563: diode, 1564: diode, 1565: common
potential line, 1566: common potential line, 3001: housing, 3003: diéplay area, 3004: speaker,
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3101: main body, 3102: housing, 3102: housing, 3103: display area, 3104: audio input portion,
3105: audio output portion, 3106: operation keys, 3107: infrared communication port, 3108:
antenna, 3110: main body, 3111: pixel portion, 3112: driver IC, 3113: receiving device, 3114:
film buttery, 3201: main body, 3202: housing, 3203: display area, 3204: keyboard, 3205: extemal_
connection port, 3206: pointing mouse, 3301: maiﬁ body, 3302: display area, 3303: switch, 3304:
operation kcys, 1;9365: infrared port, 3401: housing, 3402: display area, 3403: speakers, 3404:

operation keys, 3405: recording medium insert portion

’
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DESCRIPTION

THIN FILM TRANSISTOR AND MANUFACTURING METHOD
. THEREOF '

CROSS-REFERENCE TO RELATED APPLICATIONS

~ This applicatioq 1s based upon and claims the benefit of priority
from the prior Japanese Patent Application No. 2006-26320, filed on
February 2, 20086, tﬁe entire contents of which are i.ncdrporated herein by

reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a thin film transistor and the
manufacturing method thereof, and particularly to a thin film transistor
including an oxide semiconductor thin film layer and a manufacturing

method thereof,

Description of the Background Art

It has been known for many years that oxides such as zinc oxide or
magnesium zinc oxide have excellent characteristics as a semiconductor (an
active layer). In recent years, active research and development of a
semiconductor thin film layer using these compounds have been made.in
order to apply such a semiconductor thin film layer to electronic devices
such as a thin film transistor (hereinafter abbreviated as TFT), a light
emitting device, and a transparent conductive film.

An oxide TFT including a semiconductor thin film layer made of zinc

oxide or magnesium zinc oxide has greater electron mobility and better TRT
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characteristics than an amorphous silicon TFT including a semiconductor
thin film layer of amorphous silicon (a-Si: H), which has been mainly used
for liquid crystal displays. Another advantage of the oxide TFTs is that
high electron mobility can be expected because a crystalline thin film is
formed even at a temperature as low as a room temperature. These
advantages have been encouraging the development of the oxide THFTs.

TFTs using an oxide semiconductor thin film layer, such as a bottom
gate type TFT (See, for example, Japanese Patent Publication No.
2005-033172 and No. 2004-349583) and a top gate type TFT, have been
reported.

The bottom gate type TFTs include, for example, a lamination of a
gate electrode disposed over a substrate, a gate insulating film, source/drain
electrodes, and an oxide semiconductor thin film layer, which are laminated
in this order. _

On the other hand, the top gate type TFTs, for examplé, include a’
lamination of source/drain electrodes disposed over a substrate, an oxide
semiconductor thin film layer, a gate insulating film, and a gate electrode,
which are laminated in this order. ' '

In both of the bottom and top gate type TFTs, sufficient contact is
required between each of the source/drain electrodes and the oxide
semiconductor thin film layer primarily comprising zinc oxide in order to
ensure high current drive power.

In a conventional method, a source/drain region having lower
resistance than the oxide semiconductor thin film layer is provided to
improve the contact property between the source/drain electrodes and the

oxide semiconductor thin film layer.
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Fig. 9A shows a TFT (500) as one example of the TFTs provided
according to the conventional method. The TFT (500) has a pair of low
resistance conductive thin films (110) sandwiched between the oxide
semiconductor thin film layer (103) and a pair of source/drain electrodes
(102) placed on a substrgte (101). Since the low resistance conductive thin
films (110) have a lower resistance than the oxide semiconductor thin film
layer (103), they improve the contact between each of the source/drain
electrodes (102) and the oxide semiconductor thin film layer (103). The
oxide semiconductor thin film layer (103) is disposed on the low resistance
conductive thin films (110) and on an area of the substrate (101) exposed
between the pair of the low resistance conductive thin films (110), while the
outer periphery (110a) (See Fig. 9B (described below) for a plan view) of the
low resistance conductive thin films (110) remains uncovered. All the
exposed surfaces of the oxide semiconductor thin film layer (103) are ’
covered with a gate insulating film (104). A gate electrode (106) is disposed
over the gate insulating film (104). Fig. 9B is a plan view of an array of the
TFTs (500) shown in Fig. 9A. In Fig. 9B, two of the TFTs (500) are aligned
in parallel. Fig. 9Ais a cross sectional view along line IXA-TXA of Fig. 9B. -
For clarity, Fig. 9B omits gate insulating film 104 shown in Fig. 9A.

In manufacturing the TFT (500), first a pair of source/drain
electrodes (102) is patterned and then the low resistance conductive thin
film (110) is formed. The low resistance conductive thin film (110) is
separated into a plurality of low resistance conductive thin films (110) that
are spaced apart from each other, using a photo-lithography technique.
Accordingly, an outer periphery (110a) (cross-hatched in Fig. 9B) of the low
resistance conductive thin films (110) protrudes from the outer profile of the
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oxide semiconductor thin film layer (108). As shown in Fig. 9B, at least a
distance D (distance D = width A + gap B + width A) is needed between the
oxide semiconductor thin film layers of the TFTs. Narrower distance D is
preferable in order to achieve higher integration of TFTs. The width A is
defined by the mask-alignment accuracy of an aligner, in other words, by
the alignment accuracy in the photo-lithography of the low resistance
conductive thin film (110) and the oxide semiconductor thin film layer (103).
The higher the alignment accuracy is, the smaller the width A becomes.

On the other hand, the gap B is defined by the minimum resolution during
the patterning of the low resistance conductive thin film (110). The higher _
the minimum resolution is, the smaller the gap B becomes. When a
conventional aligner for an LCD is used, the width A determined by the
alignment accuracy, is about 1.5 pm, and the gap B determined by the
minimum resolution is about 4.0 nm. Therefore in the conventional TFT
500, the distance D between the oxide semiconductor thin film layer 103 1’.s
approximately 7.0 pm (1.5 pm + 4.0 pm +1.5 pm) (see Fig. 9B).

On the 6ther hand, in manufacturing a TFT that includes no low
resistance conductive thin film, an oxide semiconductor thin filth layer is
laid over the source/drain electrodes of a plurality of TFTs, and then the
oxide semiconductor thin film laye;' is patterned. Therefore, the width A
required in TFT (500) according to the mask-alignment accuracy is not
necessary. Thus the width A is eliminated from the distance D so that the
distance D includes only the gap B.

As mentioned above, for TFTs including no low resistance conductive
thin film, the minimum distance D between the adjacent oxide

semiconductor thin film layers is equal to the gap B, whereas, for TFTs (e.g.



10

15

20

25

WO 2007/089048 PCT/IP2007/052310

TFT (500)) including the low resistance conductive thin film, the minimum
distance D between the oxide semiconductor thin film layers is equal to the
sum of width A, gap B, and width A (width A + gap B + width A). In other
words, in the TFTs (e.g. TFT (500)) including the low resistance conductive
thin film for improving the contact properties, the low resistance conductive
thin film (110) forces the gap between the oxide semiconductor thin film
layers to be wider, which results in difficulty in achieving a high integration
of the TFTs.

SUMMARY OF THE INVENTION

Considering the above-mentioned problems, one object of the presént
invention is to decrease the distance D between oxide semiconductor thin
film layers by eliminating the width A so as to increase a degree of
integration of the thin film transistors.

According to one aspect of the presnet invention, a thiﬁ film
transistor includes a substrate, and a pair of source/drain electrodes Gi.e., a
source electrodé and a drain electrode) formed on the substrate and defining
a gap therebetween. A pair of low resistance conductive thin films are
provided such that each coats at least a part of one of the source/drain
electrodes. The low resistance conductive thin films define a gap
therebetween. An oxide semiconductor thin film layer is continuously
formed on upper surfaces of the par of low resistance conductive thin films
and extends along the gap defined between the low resistnace conductive
thin films so as to function as a channel. Side surfaces of the oxide
semiconductor thin film layer and corresponding side surfaces of the low

resistance conductive thin films coincide with each other in a channel width



10

15

20

25

WO 2007/089048 PCT/JP2007/052310

direction of the channel.

- The manufacturing niethod of the thin film transistor according to
one aspect of the present invention includes forming a pair of source/drain
electrodes on a substrate; forming low resistance conductive thin films,
which are made of an oxjde, on the source/drain electrodes; and forming an
oxide semiconductor thin film layer, which functions as a channel, along the
gap defined between the low resistance conductive thin films and on the
upper surfaces of the low resistance conductive thin films. The low
resistance conductive thin films and the oxide semiconductor thin film layer
are etched so that side surfaces of the oxide semiconductor thin film layer
and corresponding side surfaces of the low resistance conductive thin films

coincide with each other in a channel width direction of the channel.

BRIEF DESCRIPTION OF THE DRAWINGS _

Further features and advantages of the present invention will
become apparent from the following detailed description, taken in
combination with the accompanying drawings.

Figs. 1A to 1C show the thin film transistor of the first embodiment -
of the present invention. Fig. 1Aisa cross-sect;ional view of the thin film
transistor of the present invention along line IA-IAin Fig. 1C; Fig. I1Bis a
plan view of the layout of the thin film transistor according to the first
embodiment after forming source/dfain electrodes and low resistance
conductive thin films; and Fig. 1C is a plan view of the layout of the thin
film transistor according to the first embodiment. ‘

Figs. 2A to 2D are cross-sectional views showing steps of the

manufacturing method of the thin film transistor according to the first
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embodiment of the present invention. Fig. 2A is a cross-sectional view of the
thin film transistor according to the first embodiment after forming the
source/drain electrodes and the low resistance conductive thin films on the
substrate; Fig. 2B is a cross-sectional view of the thin film transistor
according to the first embodiment after coating the oxide semiconductor
thin film layer; Fig. 2C is a cross-sectional view of the thin film transistor
according to the first embodiment after performing etching; Fig. 2D is a
cross-sectional view of the thin film transistor according to the first
embodiment after laminating the gate insulating film and a gate electrode;
and Fig. 2E is a cross-sectional view after laminating contact parts, external
source/drain electrodes, and a display electrode.

Fig. 8 is a cross-sectional view of the thin film transistor according to
the second embodiment of the present invention.

Figs. 4A to 4D are cross-sectional views showing steps of the .
manufacturing method of the thin film transistor according to- the second'
embodiment of the present invention. Fig. 4A is a cross-sectional view of the
thin film transistor according to the second embodiment after forming the
source/drain electrodes, the low resistance conductive thin films' and thé
oxide semiconductor thin film layer on the substrate; Fig. 4B is a
cross-sectional view of the thin film transistor according to the second
embodiment after forming the first insulating film; Fig. 4C is a
cross-sectional view of the thin film transistor according to the second
embodiment after performing etching; and Fig. 4D is a cross-sectional view
of the thin film transistor according to the second embodiment after
laminating the second gate insulating film and the gate electrode. Fig. 5 is

a cross-sectional view of the thin film transistor according to the third
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embodiment of the present invention.

- Figs. 6A to 6D are cross-sectional views showing steps of the

manufacturing method of the thin film transistor according to the third

embodiment of the present invention. Fig. 6A is a cross-sectional view of the
thin film transistor acco:yding to the third embodiment after forming the
gate electrode and the gate insulating film on the substrate; Fig. 6B is a
cross-sectional view of the thin film transistor according to the third
embodiment after forming the source/drain electrodes, the low resistance
conductive thin films, and the oxide semiconductor thin film layer; Fig. 6C
is a cross-sectional view of the thin film transistor according to the third
embodiment after performing etching; and Fig. 6D is a cross-sectional view
after forming an overcoat insulating film.

Fig. 7is a cross-sectional view of the thin film transistor according to
the fourth embodiment of the present invention.

Figs. 8A to 8D are cross-sectional views showing steps .of the
manufacturing method of the thin film transistor according to the fourth
embodiment of ;:he present invention. Fig. 8A is a cross-sectional view of the
thin film transistor according to the fourth embodiment after forming the
gate electrode and the gate insulating film on the substrate; Fig. 8B is a
cross-sectional view of the thin film transistor according to the fourth
embodiment after forming the source/drain electrodes, the low resistance
conductive thin films, the oxide semiconductor thin film layer, and the first
overcoat insulating film; Fig. 8C is a cross-sectional view of the thin film
transistor according to the fourth embodiment after performing etching; and
Fig. 8D is a cross-sectional view of the thin film transistor according to the

fourth embodiment after forming the second overcoat insulating film.
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Fig. 9 shows one example of a conventional thin-film transistor.
Fig. A is a cross-sectional Viewalohg line IXA-TXA in Fig. 9B; and Fig. 9B is

a plan view of the layout of the conventional thin film transistor of Fig. 9A.

DETAILED DESCRIPTION

Figs. 1A-1C are views of the TFT (100) according to the first
embodiment of the present invention. Fig. 1A is a cross-sectional view
along line TA-TA of Fig. 1C. Fig. 1B Vshows the TFTs (100) at a stage of
manufacturing after formation of the source/drain electrodes and low
resistance conductive thin films and before coating the TFTs (100) with an
oxide semiconductor thin film layer. In Fig. 1B a plurality (two in the
figure) of the TFTs (100) are aligned in parallel for integration. Fig. 1Cis a
plan view for describing the subsequent processes. Hereinafter, the first
embodiment of the present invenﬁon will be described referring mainly to
Fig. 1A, as well as Fig. 1B and Fig. 1C. '

”Channel length direction” as used herein refers to the direction
perpendicular to the channel width. The channel length direction is the
right-to-left direction in Fig. .1A. “Channel width direction” as 'used he»rein :
refers to the up-and-down direction in Fig. 1C.

A thin film transistor (100) according to the first embodiment of the
present invention includes a substrate (1), a pair of source/drain electrodes
(2), a pair of low resistance conductive thin films (10), an oxide
semiconductor thin film layer (3), a gate insulating film (4), a gate electrode
(6), contact parts (7a), a pair of external source/drain electrodes (2a), and a
display electrode (8), which are laminated in the order shown in Fig. 1A.

The thin film transistor (100), as shown in Fig. 14, is formed on a
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substrate (1) made of glass (non-alkali glass primarily comprising SiOz and
Al03). The material for the substrate (1) is not limited to glass, and other
insulating materials, such as plastics covered with an insulator and metal
foils covered with an insulator, are applicable to form the substrate 1
according to the present invention.

The pair of the s;)urce/drain electrodes (2) is laminated on the upper
surface of the substrate (1). The source/drain electrodes (2) include a
source electrode and a drain electrode that are spaced apart from each
other.

The source/drain electrodes (2) are made of metal. Conductive
oxides, such as indium tin oxide (ITO) and n+ZnO, which are generally used
as source/drain electrodes, are preferably not used in the source/drain
electrode (2) of the present invention because a conductive oxide such as
ITO or n+ZnO would be etched when the oxide semiconductor thin film
layer and low resistance conductiv-e thin films are etched. -

The length in the channel width direction (the up-and-down
direction in Fig'. 1C) of the source/drain electrodes (2) is preferably equal to
or smaller than the length of the oxide semiconductor thin film layer (3) in
the channel width direction. If the length of the source/drain electrodes (2)
in the channel width direction is larger than the length of the oxide
semiconductor thin film layer (3) in the channel width direction, it prevents
high integration of the thin film transistors when a plurality of TF'Ts are
integrated as shown in Fig. 1C.

The source/drain electrodes (2) may be formed as a monolayer of Ti,
Cr, Ta, Mo, W, Al, Cu, and Ni or as a lamination of two or more of these

materials, or as an alloy containing one or more of Ti, Cr, Ta, Mo, W, Al, Cu,
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Siand Ni. Specific examples of the alloy include, for example, TiW, TaW,
MoW, MoSi, AlCu, AlSi, and NiSi. |

The thickness of the source/drain elegtrodes (2) may be, for example,
though not limited to, 30 to 150 nm (in the hight direction of the layer of the
source/drain electrodes 2 corresponding to the up-and-down direction of Fig.
1.

The low resistance conductive thin films (10) are formed on the pair
of source/drain electrodes (2) in the manner shown in Fig. 1B. The low
resistance conductive thin films (10) may be, for example, a thin film
primarily comprising indium tin oxide (ITO); or zinc oxide doped with
gallium (Ga) or aluminum (Al); or the like. Ifthe oxide semiconductor thin
film layer 3 primarily comprises zinc oxide the low resistance conductive
thin films 10 may be made of intrinsic zinc oxide (ZnO) with no impurity
introduced. When the low resistance conductive thin films 10 are made of
intrinsic zinc oxide with no impurities intro&uced, the zinc oxide in the low
resistance conductive thin films (10) must have larger crystal grain size
than the zinc oxide in the oxide semiconductor thin film layer (3). The
crystal grain size of the zinc oxide may be adjusted by applying i]_igh
frequency bias during film formation or by changing film forming conditions
during the film formation.

The resistance of the low resistance conductive thin films (10) is
higher than the resistance of the source/drain electrodes (2) and lower than
that of the oxide semiconductor thin film layer (3). Therefore, the contact
properties between the source/drain electrodes (2) and the oxide
semiconductor thin film layer (3) are improved by using the low resistance

conductive thin films (10).

11
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The oxide semiconductor thin film layer (3), which is formed by an
oxide semiconductor, is arranged so that a channel is formed on each of the
low resistance conductive thin films (10) and between the pair of the
source/drain electrodes (2). The oxide semiconductor thin film layer 3 may
be an oxide semiconductpr primarily comprising zinc oxide. As used herein,
an oxide semiconductor primarily comprising zinc oxide includes intrinsic
zinc oxide; zinc oxide doped with a p-type dopant such as Li, Na, N, C; zinc
oxide doped with an n-type dopant such as B, Al, Ga, In; and zinc oxide
doped with Mg, Be. The oxideé semiconductor thin film layer 3 may be an
amorphous oxide semiconductor, such as an IGZ0 (In-Ga-Zn-0).

The oxide semiconductor thin film layer (8) covers the entire upper
surfaces of each of the low resistance conductive thin films (10). At least
side surfaces (10a) (see Fig. 1C) of the low resistance conductive thin films
(10), extending in the channel length direction, are positioned coincident
with the side surfaces of the oxide semiconductor thin film layer (3).

The thickness of the oxide semiconductor thin film layer (3) may be,
for example, though not limited to, about 25 to 200 nm, and preferably
about 50 to 100 nm (in the height direction of the layer of the source/drain
electrodes 2, corresponding to the up-and-down direction of Fig. 1).

In the present invention, the low resistance conductive thin films
(10) and the oxide semiconductor thin film layer (3) are formed in a
self-aligning manner in the channel width direction, as shown in Fig. 1C, so
that the low resistance conductive thin films (10) below the oxide
semiconductor thin film layer (3) are not seen when viewed from above. In
other words, the entire upper surfaces of the low resistance conductive thin

films (10) are coated with the oxide semiconductor thin film layer (3).
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Consequently, the space provided between the adjacent oxide semiconductor
thin films (8) according to the accuracy of mask alignment between the low
resistance conductive thin films (10) and the oxide semiconductor thin film
layer (3) (width A described above with respect to Fig. 9B) is not necessary.
Therefore, it is possible to shorten the distance (spacing) between the low
resistance conductive thin films (10) to the minimum line width of the
aligner (gap B described above with respect to Fig. 9B) and this enables
high integration of the thin film transistors (100).

A specific comparison between the conventional TFT (500) (see Fig.
9) and the TET (100) according to the first embodiment of the present
invention is set forth below.

As mentioned above, the TFT (500) is fabricated by patterning the
low resistance conductive thin films (110) on each TFT and then forming the
oxide semiconductor thin film laygrs (103). Consequently, the distance
(spacing) between the oxide semiconductor thin film layers (163) is defined
as gap B + 2 X width A (here the gap B is the width of an area determined by
the minimum résolutioni and the width A is the width of an area determined
by the alignment accuracy of the photolithography of the low resistance
conductive thin film (110) and the oxide semiconductor thin film layer (103)).
As explained above with respect to Fig. 9B, when a conventional aligner for
an LCD is used, the width A determined by the alignment accuracy, is about
1.5 pm, and the gap B determined by the minimum resolution is about 4.0
pm. Therefore, in the conventional TFT (500), the distance D between the
oxide semiconductor thin film layers (103) is approximately 7.0 pm (1.5 pm
+ 4.0 um +1.5 pm) (see Fig. 9B).

On the other hand, in manufacturing the TFT (100) according to the

13
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present invention, the low resistance conductive thin films (10) are formed
on multiple pairs of the source/drain electrodes (2) (two pairs in the example
shown in Fig. 1B) of the TFTs (100) as shown in Fig. 1B. Then the oxide
semiconductor thin film layer (8) is coated on the low resistance conductive
thin films (10). The oxide semiconductor thin film layer (3) and the low
resistance conductive thin films (10) are subsequently etched together in a
self-aligning manner so that the side surfaces (10a) of the low resistance
conductive thin films (10) have an identical shape to the side surfaces of the
oxide semiconductor thin film layer (3) so that the side surfaces of the low
resistance conductive thin films (10) and the oxide semiconductor thin film
layer (8) are positioned coincident with each other. Therefore, although the
width A, which is determined by the alignment accuracy, is necessary in the
conventional TFT (500), the width A is not necessary in the TFT (100) of the
present invention. The distance between the adjacent oxide semiconductor
thin film layers (3) of the TFT (100) may be reduced to be equ;ell to the gaI-) B
(4.0 pm), which is determined by the minimum resolution. Consequently,
the TFT (100) according to the present invention enables nearly twice as
high integration as the conventional TFT (500). '

The gate insulating film (4) is formed so as to cover the upper
surface and the side surfaces of the oxide semiconductor thin film layer (8).

The gate insulating film (4) may be a silicon oxide (SiOy film, a
silicon oxide nitride (SiON) film, a silicon nitride (SiNy film, or a silicon
nitride (SiNy film that is doped with oxygen using oxygen or a compound
containing oxygen. Preferably, the gate insulating film (4) is formed by a
silicon nitride (SiNy film that is doped with oxygen using oxXygen or

compound (e.g. N2O) containing oxygen. Such a doped silicon nitride film
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has a higher dielectric constant than silicon oxide compound (SiOx) or
silicon oxide nitride (SiON). Therefore, if the TFT (100) has a the gate
ingulating film (4) made of a SiNy film doped with oxygen, the gate
insulating film has a high dielectric constant and an excellent protecting
effect on the oxide semiconductor thin film layer 3.

The gate electrode (6) is formed on the gate insulating film (4). The
gate electrode (6) is configured to control electron density in the oxide
semiconductor thin film layer (3) according to the gate voltages applied to
the thin film transistor. The gate electrode (6) is made of a metal film such
as films comprising Cr or Ti.

Along the channel length direction, the outer ends (6b) of the gate
electrode (6) are positioned outside the inner ends 10c of the low resistance
conductive thin films (10).

Each of the external source/drain electrodes (2a) is connected to the
corresponding source/drain electrodes (2) via the contact part‘ (7a). |

The display electrode (8) is configured to apply a voltage to a liquid
crystalin a liqﬁid crystal display via the thin film transistor. The display
electrode (8) is formed by a conductive oxide thin film such as an indium tin.
oxide (ITO) thin film and the like because it must have high transmittance
with respect to visible light.

Referring to Figs. 2A-2E, a manufacturing method of a thin film
transistor (TFT) according to the first embodiment of the present invention
will be described.

First, as shown in Fig. 24, the source/drain electrodes (2) are formed
on the substrate (1). In the case a plurality of TFTs are arranged in

parallel on the substrate (1), the corresponding number of pairs of the
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source/drain electrodes (2) are patterned, as shown in Fig. 1B (which shows
two pairs of source/drain electrodes 2 corresponding to two TFTs). Next,
the low resistance conductive thin film (10) having, for example, a 10 to 100
nm thickness is coated on the source/drain electrodes (2) and the substrate
(1) by means of magnetrpn sputtering. The low resistance conductive thin
film (10) is then patterned as shown in Fig. 1B. In the patterning, the low
resistance conductive thin film (10) is etched in an area
(channel-corresponding area) that corresponds to the gap extending
between the source electrodes and the drain electrodes. The resultant low
resistance conductive thin film (10) is separated into a first low resistance
conductive thin film piece and a second low resistance conductive thin film
piece. The first low resistance conductive thin film piece bridges one of the
source electrodes and the drain electrodes of the plurality of the TFTs (e.g.,
the source electrodes), while the second low resistance conductive thin ﬁlm
piece bridges the other of the source electrodes and the drain electrodes of
the plurality of the TFTs (e.g., the drain electrodes).

At this stage, the low resistance conductive thin films (10) are '
shaped to extend longer in the channel length direction than the final shape -
of the low resistance conductive thin films (10). The outer ends of the low
resistance conductive thin films (10) are then etched together with the oxide
semiconductor thin film layer (3) that is formed thereon so that the outer
ends of the low resistance conductive thin films (10) and the oxide
semiconductor thin film layer (3) have an identical shape, as described
below.

As shown in Fig. 2B, the oxide semiconductor thin film layer (3) is

coated on all the exposed surfaces of the substrate (1), the source/drain

16



10

16

20

25

WO 2007/089048 PCT/IP2007/052310

electrodes (2), and the low resistance conductive thin films (10), with a
thickness, for example, of about 50 to 100 nm.

After being coated with the oxide semiconductor thin film layer (3),
the low resistance conductive thin films (10) are etched togethér with the
oxide semiconductor thin film layer (3).

It is preferable to perform the etching treatment by means of dry
etching. Wet etching is also applicable but not preferable because the
wet-etched edges form a nonplanar surface, which results in insufficient
step coverage of the gate insulating film (4) to be formed on these layers and
in increasing leak current.

If the low resistance conductive thin film (10) is made of zinc oxide
doped with gallium (Ga) or aluminum (Al); or intrinsic zinc oxide (ZnO) with
no impurity introduced, gases such as CH4, CF4, CHF, Cls, or gas
containing one of these gases and oxygen may be used in the dry etching.
On the other hand, if the low resistance conductive thin film (10) is made of
indium tin oxide (ITO), gases such as CHy or mixture of CH4 and oxygen
may be used.

For example, conventional reactive ion etching (RIE method) or
inductively coupled plasma (ICP) etching may be used in the dry etching
process of the present invention. The low resistance conductive thin films
(10) and the oxide semiconductor thin film layer (3) are etched together. As
a result, the outer ends (10b) of each of the low resistance conductive thin
films (10) and the outer ends (3b) of the oxide semiconductor thin film layer
(3) are positioned coincident with each other along the channel length
direction, as shown in Fig. 2C. Also, the low resistance conductive thin

films (10) and the oxide semiconductor thin film layer (3) are formed to have
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an identical shape in the channel width direction. The low resistance
conductive thin films 10 and the oxide semiconductor thin film layer 3 are
slightly longer than the source/drain electrodes 2 along the channel width
direction, as shown in Fig. 1C. '

Fig.2Cisa sectipnal view llustrating the lamination of the
substrate (1), the source/drain electrodes (2), the low resistance conductive
thin films (10), and the oxide semiconductor thin film layer (8) after
performing dry etching as described above. In the manufacturing
stage shown in Fig. 2C, etched surfaces (3b and 10b in Fig. 2C) must be
formed outside the respective inner ends (2¢) of the source/drain electrodes
(2), along the channel length direction. The source/drain electrodes (2)
subsequently serve as etching stoppers (since the source/drain electrodes 2
are made of metal, as described above) so that only the low resistance
conductive thin films (10) and the oxide semiconductor thin film layers (3)
are etched. |

Next, a gate insulating film (4) is formed on the oxide semiconductor
thin film layer (8) using a technique and under a condition(s) that do not
reduce the resistance of the semiconductor thin film layer (3).

The gate insulating film (4) may be a silicon-based-insulating film
such as a silicon oxide (SiOy) film; a silicon oxide nitride (SiON) film; a
silicon nitride (SiNy) film; or a silicon nitride (SiNy) film doped with oxygen
using oxygen or a compound containing oxygen as a constituent element.
Among these, a film of SiNy doped with oxygen using oxygen or a compound
(e.g. N20) including oxygen or the like is desirable because the constituents
of such a film have a high dielectric.constant as well as an excellent effect of

preventing reduction and removal of oxygen and zinc from the oxide
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semiconductor thin film layer (3).

. The gate insulating film (4) may be a 100 to 300 nm thick SiNy film
created by means of a plasma-enhanced chemical vapor deposition (PCVD)
under a condition, for example, where a substrate temperature is 250 °C and
mixgd gas containing NHs and SiH, is used at a flow rate ratio of 4 to 1.

As shown in Fig. 2D, a gate electrode (6) is disposed over the gate
insulating film (4) so that both of the outer ends (6b) of the gate electrode (6)
are positioned outside the respective inner ends (10c) of the low resistance
conductive thin films (10).

As shown in Fig. 2R, contact holes are'opened in the gate insulating
film 4 to expose portions of the source/drain electrodes (2) by means of
photolithography. The external source/drain electrodes (2a) are
respectively connected to the source/drain electrodes 2 through the contact
holes via contact parts (7a), respectively. In the final step to form a TFT
array, a display electrode (8) made of indium tin oxide (ITO) énd the like is
formed.

Fig. 3 ié a cross-sectional view showing the structure of the thin film
transistor (200) according to the second embodiment of the present
invention. The TFT (200) according to the second embodiment has some
similar structures to the TFT (100)_ according to the first embodiment.
These structures are denoted by the same reference numerals. However, in
place of the gate insulating film (4) of the TFT 100 according to the first
embodiment, the TFT (200) according to the second embodiment includes a
first gate insulating film and a second gate insulating film, which are
denoted as the first gate insulating film (41) and the second gate insulating
film (5).
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The first gate insulating film (41) is formed to cover only the upper
surface of the oxide semiconductor thin film layer (3). The first gate
insulating film (41) is provided as a part of the gate insulating film. The
first gate insulating film (41) serves as a protective film configured to
protect the oxide semiconductor thin film layer (3) from the resist stripper
used in the manufacturing process.

The second gate insulating film (5)-is laminated to cover the side
surfaces of the source/drain electrodes (2) and the oxide semiconductor thin
film layer (8) as well as the entire upper surfaces of the first gate insulating
film (41). Since the upper surface of the oxide semiconductor thin film
layer (3) is covered with the first gate insulating film (41), the coverage on
all the exposed surfaces of the oxide semiconductor thin film layer 3 is
then completed.

The first gate insulating film (41) and the second gate insulating
film (5) may be a silicon oxide (SiOy) film; a silicon oxide nitride (SiON) film;
a silicon nitride (SiNy film; or a silicon nitride (SiNy) film doped with
oxygen usil_lg oxygen or a compound containing oxygen as a constituent
element. Preferably, the first gate insulating film (41) and the second gate -
insulating film (5) are formed by a SiNk film doped with oxygen using
oxygen or a compound (e.g. N20) containing oxygen. Such a doped SilNx
film has a higher dielectric constant than silicon oxide compounds (SiOy) or
silicon oxide nitride (SiON).

The first gate insulating film (41) and the second gate insulating
film (5) are formed by means of a plasma-enhanced chemical vapor
deposition (PCVD) process. It is desirable to perform the film formation by

the plasma-enhanced chemical vapor deposition (PCVD) process at a
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substrate temperature of 250 °C or below. In this temperature range, the
reduction of the oxide semiconductor thin film layer or removal of oxygen
and zinc does not occur.

Hereinafter, a manufacturing method of a thin film transistor (TFT)
according to the second embodiment of the present invention will be
explained referring to Figs. 4A-4D.

First, as shown in Fig. 4A, source/drain electrodes (2) and low
resistance conductive thin films (10) are formed on a substrate (1) and as in
the first embodiment of the présent invention. The low resistance
conductive thin films (10) are formed over the source/drain electrodes (2) of
a plurality of TFTs (200). An oxide semiconductor thin film layer (8) is
formed on all the exposed surfaces of the substrate (1), the source/drain
electrodes (2), and the low resistance conductive thin films (10).

Next, as shown in Fig. 4B, a first gate insulating film (41) is formed
on the oxide semiconductor thin film layer (3) with an approac;h and a
condition that do not reduce the resistance of the oxide semiconductor thin
film layer (3). ‘Then, a photo-resist is coated on the first gate insulating
film (41) and patterned. Using the patterned photo-resist as a mask, the
first gate insulating film (41), the low resistance conductive thin film (10),
and the oxide semiconductor thin film laygr (8) are simultaneously etched.
Preferably, dry etching is used in the etching process because the dry-etched
edges are positioned coincident with each other. Thus leakage current
resulting from insufficient step coverage is suppressed after the first gate
insulating film (41) is formed.

As in the first embodiment of the present invention, if the low

resistance conductive thin film (20) is made of zinc oxide doped with gallium
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(Ga) or aluminum (Al); or intrinsic zinc oxide (ZnO) with no impurity
introduced, gases such as CHy, CFy, CHFS3, Clg, or gas containing one of
these and oxigen may be used in the dry etching. On the other hand, if the
low resistance conductive thin films (10) are made of indium tin oxide (ITO),
gases such as CH4 or a mixture of CHy and oxygen may be used. For
example, common reactive ion etching (RIE method) or inductively couj)led
plasma (ICP) etching may be used in the dry etching process.

Fig. 4C shows a cross-section of a lamination comprising the oxide

semiconductor thin film layer (8), the low resistance conductive thin films

(10), and the first gate insulating film (41) after etching and removing the

photo-resist. Etched surfaces (8b), etched surfaces (10b), and etched
surfaces (41b) of the layers are positioned coincident with each other.
Consequently, sufficient step coverage is maintained and leakage current is
suppressed, after a second gate insulating film (5) is formed.

The etched surfaces must be formed outside the respective inner
ends (2c) of the source/drain electrodes (2) in the channel length direction.
Thus, only the first gate insulating film (41), the low resistance conductive
thin films (10) and the oxide semiconductor thin film layer (3) are etched.

The first gate insulating film (41) not only forms an interface with
the oxide semiconductor thin film layer (3) but also protects the oxide
semiconductor thin film layer (3) while an active region of the TFT is .
patterned. If the first gate insulating film 41 is not present, while the
resist stripper is used to remove photo-resist after the patterning of the
active layer, the resist stripper contacts with the surface of the oxide
semiconductor thin film layer (3). The resist stripper generally etches and

roughens the surface and crystal grain boundary of the oxide semiconductor
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thin film layer (3). However, if the first gate insulating film (41) is present
on the surface of the oxide semiconductor thin film layer (3), the first gate
insulating film (41) functions as a protective film against various kinds of
liquid chemicals such as a resist stripper used in a photo-chography
process. The first gate insulating film (41) therefore prevents the surface
of the oxide semiconductor thin film layer (8) from roughening. Thus,
sufficient interface properties between the oxide semiconductor thin film
layer (3) and the gate insulating film are maintained.

Referring to Fig. 4D, after a TFT active layer region is patterned, a
second gate insulating film (5) is formed on all the exposed surfaces of
substrate (1), the source/drain electrodes (2), the oxide semiconductor thin
film layer (3), the low resistance conductive thin films (10), and the first
gate insulating film (41). Then contact holes are opened in the gate
insulating film 5 to expose portiops of the source/drain electrodes (2). In
this emhodiment, it is desirable to form the second gate insuléting film (5)
under similar conditions to the first gate insulating film (41). |

A gate electrode (6) made of a metal film is formed on the second
gate insulating film (5). After that, external source/drain electrodes (2a)
are formed with the same material as the gate electrode (6). The external
source/drain electrodes are connected to the source/drain electrodes (2) via
contact parts (7a). A display electrode (8) is formed in the final step to form
a TFT array of the second embodiment of the present invention (see the TFT
shown in Fig. 3).

Hereinafter, the thin film transistor according to the third
embodiment of the present invention will be described with reference to Fig.

5.
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Fig. 5 is a cross-sectional view showing the structure of a thin filn
transistor (300) according to the third embodiment of the present invention.
The thin film transistor (300) includes a substrate (11), a gate electrode (12),
a gate insulating film (13), source/drain electrodes (14), low resistance
conductive thin films (20), an oxide semiconductor thin film layer (15), an
overcoat insulating film (16), external source/drain electrodes (14a), contact
parts (18a), and a display electrode (19). The TFET (300) is a bottom gate
type TFT in which these layers are laminated in the order shown in Fig. 5.

As shown in Fig. 5, the thin film transistor (300) is formed on the
substrate (11). The gate electrode (12) is formed on the substrate (11). In
this step, the gate electrode (12) is disposed over the substrate (11) so that
the outer ends of the gate electrode (12) will be positioned outside the inner
ends of the low resistance conductive thin films (20) (described below), along
the channel length direction. ‘

The gate insulating film (13) is laminated on the entiré upper
surface of the substrate (11) so as to cover the gate electrode (12).

The soufce/drain electrodes (14) are laminated on the gate
insulating film (13). The source/drain electrodes (14) are made of metal.
In general, source/drain electrodes are formed with conductive oxides such
as indium tin oxide (ITO) and ntZn0. In the present invention, however,
the conductive oxides are not preferable because the source/ drain electrodes
made of the conductive oxides are etched when the oxide semiconductor thin
film layer and low resistance conductive thin films are etched.

The length in the channel width direction of the source/drain
electrodes (14) is preferably equal to or smaller than the length of the oxide
semiconductor thin film layer (15) in the channel width direction. If the
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length of the source/drain electrodes (14) is larger than the length of the
source drain electrodes in the channel width direction, it prevents high
integration of the thin film transistors when a plurality of TFTs are
integrated. .

The low resistance conductive thin films (20) are formed on the
source/drain electrodes (14). The low resistance conductive thin films (20)
may be, for example, a thin film primarily comprising indium tin oxide
(ITO); or the zinc oxide doped with gallium (Ga) or aluminum (Al); or the
like. If the oxide semiconductor thin film layer 15 primarily comprises zinc
oxide, the low resistance conductive thin films 20 may be made of intrinsic
zinc oxide (ZnO) with no impurity introduced. When the low resistance
conductive thin films 10 are made of intrinsic zinc oxide with no impurities
introduced, the zinc oxide in the low resistance conductive thin films (20)
must have larger crystal grain size than the zinc oxide in the oxide
semiconductor thin film layer (15).

The resistance of the low resistance conductive thin films (20) is
higher than thé resistance of the source/drain electrodes (14) and lower than
the resistanée of the oxide semiconductor thin film layer (15). Therefore,
the contact properties between each of the source/drain electrodes (14) and
the oxide semiconductor thin film layer (15) are improved by using the low
resistance conductive thin films (20).

The oxide semiconductor thin film layer (15), is arranged so that a
channel is formed on each of the low resistance conductive thin films (20)
and between the electrodes of the low resistance conductive thin films (20).
The oxide semiconductor thin film layer 15 may be made of, for example, an

oxide semiconductor primarily comprising zinc oxide or an IGZO as the
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oxide semiconductor thin film layer 3 described above.

- The oxide semiconductor thin film layer (15) covers the entire upper
surfaces of the low resistance conductive thin films (20). At least side
surfaces of the low resistance conductive thin films (20) have an identical
shape to the side surfacgs of the oxide semiconductor thin film layer (15) so
that they form a planar surface.

Consequently, the space provided between the adjacent oxide
semiconductor thin films (15) according to the accuracy of mask alignment
of the low resistance conductive thin films (20) and the oxide semiconductor
thin film layer (15) (i.e., a space corresponding to width A described above
with respect to Fig. 9B) is not necessary. Therefore, it is possible to shorten
the distance (spacing) between the low resistance conductive thin films (20)
to the minimum line width of the aligner (i.e., the gap B described above
with respect to Fig. 9B), which enables high integration of the thin film
transistors (300). |

The overcoat insulating film (16) is formed so as to cover the upper
surface and side surfaces of the oxide semiconductor thin film layer (15).
The external source/drain electrodes (14a) are formed so as to bé connected -
to the source/drain electrodes (14) via the contact parts (18a) in the contact
holes opened in the overcoat insulating film (16).

The display electrode (19) is configured to apply a voltage to a liquid
crystal in a liquid crystal display via the thin film transistor. The display
electrode (19) is formed by a conductive oxide thin film such as an indium
tin oxide (ITO) thin film and the like because it must have high
transmittance with respect to visible light.

Referring to Figs. 6A-6D, a manufacturing method of the bottom
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gate type TFT according to the third embodiment of the present invention
will be described below.

As shown in Fig. 6A, a gate electrode (12) is formed on a substrate
(11) made of, for example, glass. Then, a gate insulating film (13) is formed
on the entire upper surface of the substrate (11) so as to cover the gate
electrode (12). Although the method for forming the gate insulating film
(11) is not limited especially, it is preferable to use a plasma-enhanced
chemical vapor deposition (PCVD) process that enables film formation on a
substrate having a large area.’

Referring to Fig. 6B, after the gate insulating film (13) is formed, a
metal film is formed on the entire upper surfaces of the gate insulating film
(13). The metal film is then subjected to photolithography to form the
source/drain electrodes (14). After that, low resistance conductive thin film
20 having a thickness of, for example, about 10 to 100 nm, are formed on the
source/drain electrodes (14) by means of a magnetron sputteﬁng process.‘
The low resistance conductive thin film (20) is then patterned to bridge the
source/drain electrodes (14) of a plurality of TFTs. More specifically, in the
patterning, the low resistance conductive thin film (20) is etched in an érea :
(channel-corresponding area) that corresponds to the gap extending
between the source electrodes and the drain electrodes. The resultant low
resistance conductive thin films (20) are separated into a first low resistance
conductive thin film piece and a second low resistance conductive thin film
piece. The first low resistance conductive thin film piece bridges, for
example, the source electrodes of the plurality of the TFTs, while the second
low resistance conductive thin film piece Bridges, for example, the drain

electrodes of the plurality of the TFTs. At this stage, the low resistance
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conductive thin films (20) are shaped to extend longer in the channel length
direction than the final shﬁpe of the low resistance conductive thin films
(20). The oxide semiconductor thin film layer (15) is then coated on the low
resistance conductive thin films (20), as shown iﬁ Fig. 6B. '

A photo-resist is coated on the upper surface of the oxide
semiconductor thin film layer (15) and patterned. Using the patterned
photo-resist as a mask, the low resistance conductive thin films (20) and the
oxide semiconductor thin film layer (15) are simultaneously etched.
Preferably, dry etching is used in the etching process because the dry-etched
edges form a planer surface. Thus, leakage current resulting from
insufficient step coverage is suppressed after an overcoat insulating film
(16} is formed.

If the low resistance conductive thin film (20) is made of zinc oxide
doped with gallium (Ga) or aluminum (Al); or intrinsic zinc oxide (ZnO) with
no impurity introduced, gases such as CHs, CF4, CHF, Clg, or gas
containing one of these gases and oxygen may be used in the dry etching.
On the other hand, if the low resistance conductive thin film (10) is made of
indium tin oxide (ITO), gases such as CH, or a mixture of CH, and oxygen
may be used. For example, common reactive ion etching (RIE method) or
inductively coupled plasma (ICP) etching may be used in the dry etching
process of the present invention.

Fig. 6C is a cross-sectional view of the TFT (300) after performing
dry etching. At this stage, etched surfaces (15b) of the oxide semiconductor
thin film layer (15) and etched surfaces (20b) of the low resistance
conductive thin films (20) must be located outside respective inner ends

(14¢) of the source/drain electrodes (14) in the channel length direction.
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The source/drain electrodes (14) subsequently serve as etching stoppers so
that only the low resistance conductive thin films (20) and the oxide
semiconductor thin film layer (15) are etched.

After the patterning of the oxide semiconductor thin film layer (15),
the overcoat insulating ﬁhn (16) is formed to cover all the exposed surfaces
of the oxide semiconductor thin film layer (15), as shown in Fig. 6D.

The overcoat insulating film (16) may be a silicon oxide (SiOy) film; a
silicon oxide nitride (SiON) film; a silicon nitride (SiNy) film; or a silicon
nitride (SiNy film doped with 6xygen using oxygen or a compound
containing oxygen as a constituent element. Preferably, the overcoat
insulating film (16) is formed with a SiNy film that is doped with oxygen
using oxygen or a compound {e.g. N2O) containing oxygen. Such a doped
SiNx film has a higher dielectric constant than silicon oxide compounds
(Si0x) or silicon oxide nitride (SiON).

The overcoat insulating film (16) is formed by means of a
plasma-enhanced chemical vapor deposition (PCVD) process.

After forming the overcoat insulating film (16), external
source/drain electrodes (14a) are formed. The external source/drain
electrodes (14a) are connected to the source/drain electrodes (14) via contact
parts (18a). A display electrode (19) is formed in the final step to form a
TFT array of the third embodiment of the present invention (see the TFT
shown in Fig. 5).

~ Finally, the fourth embodiment of the present invention will be
described.

Fig. 7 is a cross-sectional view showing the structure of the thin film

transistor 400 according to the fourth embodiment of the present invention.
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The TFT (400) according to the fourth embodiment has some similar
structures to the TFT (300) according to the third embodiment. These
structures are denoted by the same reference numerals. However, in place
of the overcoat insulating film (16) of the TFT 300 according to the third
embodiment, TFT (400) according to the fourth embodiment includes a first
overcoat insulating film and a second overcoat insulating film, which are
denoted as the first overcoat insulating film (161) and the second overcoat
insulating film (17). .

The first overcoat insulating film (161) is formed so as to cover only
the upper surface of the oxide semiconductor thin film layer (15). The first
overcoat insulating film (161) is provided as a part of the gate insulating
film. The first overcoat insulating film (161) serves as a protective film
configured to protect the oxide semiconductor thin film layer (15) from resist
stripper used in the manufacturin_g process.

The second overcoat insulating film (17) is provided folr protectiné
the TFT (400). The second overcoat insulating film (17) is laminated to
cover all the exposed surfaces of the first overcoat insulating film (161) and
side surfaces of the oxide semiconductor thin film layer (15). '

The second overcoat insulating film (17) ensures that the entire side
surfaces of the oxide semiconductor thin film layer (15) get covered even if
some parts of them are not covered with the first overcoat insulating film
(161).

The first overcoat insulating film (161) and the second overcoat
insulating film (17) may be a silicon oxide (SiOy) film; a silicon oxide nitride
(SiON) film; a silicon nitride (SiNy film; or a silicon nitride (SiNy film

doped with oxygen using oxygen or a compound containing oxygen.
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Preferably, the first overcoat insulating film (161) and the second overcoat
insulating film (17) are formed with the SiNx film that is doped with oxygen
using oxygen or a compound (e.g. N20) containing oxygen. Such a doped
SiNx film has a higher dielectric constant than silicon oxide compounds
(8104 or silicon oxide nitride (SiON).

The first overcoat insulating film (161) and the second overcoat
insulating film (17) are formed by, for example, a plasma-enhanced chemical
vapor deposition (PCVD) process.

Referring to Figs. 8A-8D, a manufacturing method of the thin film
transistor (TFT) according to the fourth embodiment of the present
invention will be described below.

First, as shown in Fig. 8A, a gate electrode (12) and a gate insulating
film (13) are formed on a substrate (11) as in the third embodiment of the
present invention. .

Next, as shown in Fig. 8B, source/drain electrodes (14); low
resistance conductive thin films (20), an oxide semiconductor thin film layer
(15), and a ﬁrstl overcoat insulating film (16) are laminated in this order on
the gate insulating film (13). Then, the low resistance conductive thin‘
films (20), the oxide semiconductor thin film layer (15) and the first overcoat
insulating film (161) are simultaneously etched. Preferably, dry etching is
used in the etching process because the dry-etched edges are positioned
coincident with each other. Thus leakage current resulting from
insufficient step coverage is suppressed, after the first overcoat insulating
film (161) is formed.

As in the third embodiment of the present invention, if the low

resistance conductive thin film (20) is made of zinc oxide doped with gallium
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(Ga) or aluminum (A1); or intrinsic zine oxide (ZnO) with no impurity
introduced, gases such as CHy, CFy, CHF3, Cly, or gaécontaining one of
these gases and oxygen may be used in the dry etching. On the other hand,
if the low resistance conductive thin film (20) is made of indium tin oxide
(ITO), gases such as CH, or a mixture of CHy and oxygen may be used. In
the fourth embodiment of the present invention, for example, common
reactive ion etching (RIE method) or inductively coupled plasma (ICP)
etching may be used in the dry etching process, as in the first embodiment
of the present invention.

Fig. 8C shows a cross-section of a lamination comprising the oxide
semiconductor thin film layer (15), the low resistance conductive thin films
(20), and the first overcoat insulating film (161) after etching and removing
the photo-resist. Etched surfaces (15b), etched surfaces (20b), and etched
surfaces (161b) of the above-mentioned layers are positioned coincident with
each other. Consequently, sufﬁcient step coverage is maintained after a
second overcoat insulating film (17) is formed.

The first overcoat insulating film (161) also protects the oxide
semiconductor thin film layer (15) while an active region of the TFT is
patterned. If the first overcoat insulating film 161 is not present when the
resist stripper is used to remove photo-resist after the patterning of an
active layer, the resist stripper contacts with the surface of the oxide |
semiconductor thin film layer 15. The resist stripper generally etches and
roughens the surface and crystal grain boundary of the oxide semiconductor
thin film layer 15. However, if the first overcoat insulating film 161 is
present on the surface of the oxide semiconductor thin film layer 15, the

first overcoat insulating film 161 functions as a-protective film against
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various kinds of liquid chemicals such as a resist stripper used in a
photo-lithography process. The first overcoat insulating film (161)
therefore prevents the surface of the oxide semiconductor thin film layer
(15) from roughening. Thus, sufficient interface properties befween the
oxide semiconductor thin film layer (15) and the first overcoat insulating
film (161) are maintained.

Referring to Fig. 8D, after the active layer region'of the TFT is
patterned, a second overcoat insulating film (17) is formed on all the
exposed surfaces of the gate insulating film (13), the source/drain electrodes
(14), the oxide semiconductor thin film layer (15), the low resistance
conductive thin films (20), and the first overcoat insulating film (161).

Then contact holes are opened in the first overcoat layer 17 to expose
portions of the source/drain electrodes (14).

External source/drain electrodes (14a), which are connected to the
source/ drain electrodes (14) via contact parts (18a), are formed. Then a
display electrode (19) is formed in the final step to form a TFT array of the
fourth embodiment of the present invention (see the FTF shown in Fig. 7).

As described above, the thin film transistor according to the present -
invention has excellent performance so that it is preferably used as an

active element of a liquid crystal display device and the like.
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CLAIMS

1. A thin film transistor comprising:

a substrate (1, 11);

a pair of source/drain electrodes (2, 14) formed on the substrate and
defining a gap therebetween;

a pair of low resistance conductive thin films (10, 20), each coating
at least a part of one of the source/drain electrodes, the low resistance

conductive thin films defining a gap therebetween; and

an oxide semiconductor thin film layer (3, 15), which is continuously _ '

formed on upper surfaces of the pair of low resistance conductive thin films,
and which extends along the gap defined between the low resistance
conductive thin films so as to function as a channel;

wherein side surfaces of the oxide semiconductor thin ﬁlm layer and
corresponding side surfaces of the low resistance conductive tiu'n films

coincide with each other in a channel width direction of the channel.

2. The thin film transistor according to claim 1, wherein a
length of the oxide semiconductor thin film layer (3, 15) in a channel width
direction of the channel is equal to or larger than a length of the

source/drain electrodes (2, 14) in the channel width direction.

3. The thin film transistor according to claim 1, wherein the

oxide semiconductor thin film layer primarily comprises Zinc oxide.

4. The thin film transistor according to claim 1, wherein the
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source/drain electrodes (2, 14) are made of metal.

5. The thin film transistor according to claim 1, wherein each of
the low resistance conductive thin films (10, 20) primarily comprises any
one selected from a group consisting of indium tin oxide (ITO), zinc oxide

doped with gallium (Ga), and zinc oxide doped with aluminum (Al).

6. The thin film transistor according to claim 1, wherein the
low resistance conductive thin films (10, 20) are made of intrinsic zinc oxide
and the zinc oxide forming the low resistance conductive thin films has a
crystal grain size that is larger than a crystal grain size of the zinc oxide

forming the oxide semiconductor thin film layer (3, 15).

7. The thin film transistor according to claim 1, further
comprising: |

a gate insulating film disposed over the oxide semiconductor thin
film layer (3), the gate insulating film (41, 5) having a dual-layer structure
comprising a lamination of a first gate insulating film (41) that covers only -
an upper surface of the oxide semiconductor thin film layer and a second
gate insulating film (5) that covers an upper surface and side surfaces of the
first gate insulating film and side surfaces of the oxide semiconductor thin
film layer; and

a gate electrode (6) disposed over the gate insulating film.

8. The thin film transistor acéording to claim 1, further

comprising:
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a gate electrode (12) disposed below the oxide semiconductor thin
film layer (15); and -

an overcoat insulating film (161, 17) disposed over the oxide
semiconductor thin film layer, the overcoat insulating film havihg a
dual-layer structure comprising a lamination of a first overcoat insulating
film (161) that covers only the upper surface of the oxide semiconductor thin
film layer and a second overcoat insulating film (17) that covers an upper
surface and side surfaces of the first overcoat insulating film and side

surfaces of the oxide semiconductor thin film layer.

9. A thin film transistor comprising:

an oxide semiconductor thin film layer (3, 15) having a pair of side
surfaces;

a pair of low resistance conductive thin films (10, 20) defining a gap
therebetween along an area corresponding to a channel of the thin film
transistor, each of the low resistance conductive thin films having a pair of
side surfaces, e;ach of the side surfaces being positioned so as to coincide
with a corresponding one of the side surfaces of the oxide semiconductor
thin film layer; and

a pair of source/drain electrodes (2, 14), each having a pair of side
surfaces, each of the side surfaces being one of positioned so as to coincide
with and positioned inside of a corresponding one of the side surfaces of the

low resistance conductive thin films.

10. A manufacturing method of a thin film transistor

comprising:
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forming a pair of source/drain electrodes (2) on a substrate (1), such
that the source/drain electrodes define a gap therebetween;

forming low resistance conductive thin films (10), which define a
gap therebetween, on the source/drain electrodes; '

forming an oxide semiconductor thin film layer (8) on upper surface
of the low resistance conductive thin films and in the gap defined between
the low resistance conductive thin films so that the oxide semiconductor
thin film layer functions as a channel;

etching the low resistance conductive thin films and the oxide
semiconductor thin film layer so that side surfaces of the low resistance
conductive thin films and corresponding side surfaces of the oxide
semiconductor thin film layer coincide with each other in a channel width
direction of the channel; and

mounting a gate electrode'(G) over the oxide semiconductor thin film
layer.

11.  The method according to claim 10, wherein the oxide
semiconductor thin film layer primarily comprises zinc oxide.

)

12.  The method according to claim' 1, further comprising:

forming.a first gate insulating film (41) on the oxide semiconductor
thin film layer (3);

etching the first gate insulating film together with the low
resistance conductive thin films (10), and the oxide semiconductor thin film
layer such that the side surfaces of the low resistance conductive thin films,
the corresponding side surfaces of the oxide semiconductor thin film, and

corresponding side surfaces of the first gate insulating film coincide with
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each other at least in the channel width direction, and such that respective
outer ends of the low resistance conductive thin films, the oxide
semicpnductor thin film, and the first gate insulating film, are positioned
outside the inner ends of the source/drain electrodes (2) in the channéel
length direction; and '

forming a second gate insulating film (5) on the first gate insulating

film (6) and mounting a gate electrode over the second gate insulating film.

13.  The method according to claim 10, wherein the etching is dry

etching.

14. A manufacturing method of a thin film transistor
comprising:

mounting a gate electrode (12) over a substrate (11);

placing a gate insulating film (13) on the gate electrodé and forming
a pair of source/drain electrodes (14) on the gate insulating film, such that
the source/drain electrodes define a gap therebetween; .

forming a pair of low resistance conductive thin films (20), whicix
define a gap therebetween, each of the low resistance conductive thin films
covering at least a part of the one of source/drain electrodes and having an
inner end that is positioned inside outer ends of the gate electrode in the
channel length direction of a channel of the thin film transistor;

forming an oxide semiconductor thin film layer (15) on upper
surface of the low resistance conductive thin films and in the gap so that the
oxide semiconductor thin film layer functions as the channel; and

etching the low resistance conductive thin films and the oxide
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semiconductor thin film layer such that side surfaces of the low resistance
conductive thin films and corrésponding side surfaces of the oxide
semiconductor thin film layer coincide with each other in a channel width

direction of the channel.

15.  The method according to claim 14, herein the oxide

semiconductor thin film layer primarily comprises zinc oxide.

16.  The method according to claim 14, further comprising:

forming a first overcoat insulating film (161) on the oxide
semiconductor thin film layer (15);

etching the first overcoat insulating film, together with the low
resistance conductive thin films (20), and the oxide semiconductor thin film
layer, such that the side surfaces of the low resistance conductive thin films,
the corresponding side surface of the oxide semiconductor thiﬁ fim, and
corresponding side surfaces of the first gate insulating film coincide with
each other at least in the channel width direction; and

forming a second overcoat insulating film (17) on the first overcoat -

insulating film.

17.  The method according to claim 14, wherein the etching is dry

etching.
i "?,‘\ A manufacturing method of a thin film transistor

comprising:

forming a predetermined number of pairs of source/drain electrodes
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(2, 14), each pair comprising a source electrode and a drain electrode
defining a gap therebetween along a channel-corresponding area and spaced
apart from adjacent pair by a spacing;

forming a pair of low resistance conductive thin films (iO, 20)
defining a gap therebetween along the channel-corresponding area, one of

the low resistance conductive thin films covering the source electrodes and

_the other of the low resistance conductive thin films covering the drain

electrodes;

forming an oxide semiconductor thin film layer (8, 15) on the pair of
low resistance conductive thin films, on the channel-corresponding area,
and on the spacing; and

etching the oxide semiconductor thin film layer and the low
resistance conductive thin films to separate each of them into the
predetermined number of oxide semiconductor thin film layer pieces and
low resistance conductive thin film pieces along the spacing defined between
the pairs of source/drain electrodes so that side surfaces of the respective
oxide semiconductor thin film layer pieces are positioned coincident with
the side surfaces of the corresponding oxide semiconductor thin flm layer

pieces.

19.  The method of according to claim 18, wherein the forming of
the pair of low resistance conductive thin films (10, 20) comprises etching a
low resistance conductive thin film to form the pair of low resistance
conductive thin films to have outer ends that are positioned outside outer

ends of a final shape of the low resistance conductive thin films.
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DESCRIPTION

SEMICONDUCTOR DEVICE INCLUDING AN OXIDE SEMICONDUCTOR THIN FILM LAYER OF ZINC

OXIDE AND MANUFACTURING METHOD THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is based upon and claims the benefit of priority
from the prior Japanese Patent Applications No. 2006-155188 (filed on June
2, 2006), No. 2006-155189 (filed on June 2, 2006), and No. 2007-37176 (filed
on February 16, 2007), the entire contents of which are incorporated herein

by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a semiconductor device including an

active layer of zinc oxide and a manufacturing method thereof.

Deseription of the Background Art

It has been known for many years that zinc oxide has excellent
characteristics as a semiconductor (an active layer). In recent years, active
research and development of a semiconductor thin film layer of zinc oxide
have been made in order to apply such a semiconductor thin film layer to a
semiconductor device which includes a thin film transistor (hereinafter
abbreviated as TFT), a light emitting device, a transparent conductive film,
or the like.
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An oxide TFT including a semiconductor thin film layer of zinc oxide
has a greater electron mobility and better TFT performance than an
amorphous silicon TFT having a semiconductor thin film layer of
amorphous silicon (a-Si: H), which has been mainly used for liquid crystal
displays. Another advantage of the oxide TFT is that high electron
mobility can be expected because a crystalline thin film is formed even at a
temperature as low as a room temperature. These advantages have been
encouraging the development of the oxide TFTs.

TFTs using an oxide semiconductor thin film layer, such as a bottom
gate TFT and a top gate TFT, have been reported. For example, the bottom
gate structure includes, in order: a substrate, a gate electrode, a gate
insulator, source/drain electrodes, an oxide semiconductor thin film layer,
and a protective insulator. The top gate structure includes, for example, in
order: a substrate, a pair of source/drain electrodes, an oxide senricornductor -
thin film layer, a gate insulator, and a gate electrode.

If an oxide semiconductor thin film layer of zinc oxide is formed on
an amorphous material (e.g., glass or plastic as used in a substrate of a
display), it is known that physical constants (e.g., orientation and lattice
constant) of the zinc oxide vary according to the conditions employed in the
film formation. For example, “Microstructural evolution and preferred
orientation change of radio-frequency-magnetron sputtered ZnO thin films.”,
Journal of Vacuum and Science of Technology Part. A Vol. 14, p. 1943 (1996)
shows that the orientation and lattice constant of a zinc oxide film vary
according to the ratio between argon (Ar) and oxygen (O2) used as source
gases in a sputtering process to form the zinc oxide film. However, this

publication does not disclose how the physical properties (e.g., orientation
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and lattice constant) of zinc oxide affect the heat resistance of the zinc oxide
or the performance of semiconductor devices which include a TFT or the
like.

The effect of the orientation and the lattice constant of zinc oxide on
the performance of a semiconductor device is described in Japanese Patent
Publication No. 2005-150635. Japanese Patent Publication No.
2005-150635 discloses that a thin film transistor exhibits preferable
performance when the lattice spacing dooz of lattice planes along (002)
direction ranges from 2.613A to 2.618A. In Japanese Patent Publication
No. 2005-150685, TFT performance of a bottom gate TFT was measured.
As shown in Fig. 16, the bottom gate TFT includes a substrate 51, a gate
electrode 52, a gate insulator 53, oxide semiconductor thin film layer 54 of
zinc oxide, and a pair of source/drain electrodes 55. These layers are
combiﬁed in this order.

Japanese Patent Publication No. 2005-150635 defines a preferable
range of lattice spacing dooz of oxide semiconductor thin film layer 54 as
2.613A to 2.618A based on X-ray diffraction values, which are mean values
throughout oxide semiconductor thin film layer 54. Thus, the preferable
range 9.613A to 2.618A defined by Japanese Patent Publication No.
2005-150635 for the lattice spacing dooz is calculated from mean values
throughout oxide semiconductor thin film layer 54.

In bottom gate TFTs, a portion of oxide semiconductor thin film
layer 54 that forms an interface between gate insulator 53 and oxide
semiconductor thin film layer 54, having a thickness of 10 nm or less,
functions as a channel region. The channel region has a poorer

crystallinity than the other part of oxide semiconductor thin film layer 54
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since the channel region is formed at an early stage in formation of oxide
semiconductor thin film layer 54.

This means that the channel area formed in oxide semiconductor
thin film layer 54 at an early stage of the film formation does not always
have a lattice spacing dgoz that is in the range calculated from the mean
value of entire oxide semiconductor thin film layer 54 as disclosed in
Japanese Patent Publication No. 2005-150635.

In a practical use of a bottom gate TFT in a liquid crystal display or
the like, a protective insulator is formed on the oxide semiconductor thin
film layer using a heating process. Since zinc oxide has a poor heat
resistance, the heat history during the protective insulator formation
results in desorption of zinc or oxygen from the oxide semiconductor thin
film layer as well as defects in the oxide semiconductor thin film layer. The
defects form .ashallow impurity level and reduce-the resistance of the oxide
semiconductor thin film layer.

In a bottom gate TFT, the defects caused by the formation of the
protective insulator form defects in the surface of the oxide semiconductor
thin film layer, which is at a back channel side of the bottom gate TFT. As
described above, the bottom part of the oxide semiconductor thin film layer
functions as a channel in the bottom gate TFT. The defects formed on the
back channel side greatly affect the performance of the bottom gate TFT.

In producing the bottom gate TFT disclosed in Japanese Patent
Publication No. 2005-150635, only vacuum deposition of source/drain
electrodes 55 is performed after oxide semiconductor thin film layer 54 is
formed. Thus, oxide 'semiconductor thin film layer 54 as described in

Japanese Patent Publication No. 2005-150635 is not affected by the heat
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history caused during the formation of a protective insulator. In other
words, the effects of heat on zinc oxide are not taken into account in defining
the lattice constant range disclosed in Japanese Patent Publication No.
2005-150635. Therefore, it is not clear whether oxide semiconductor thin
film layer 54 has a lattice spacing that is within the above-mentioned range
during the actual use of the TFT in a liquid crystal display or the like after a

protective insulator is formed in the TET.

SUMMARY OF INVENTION

One object of the present invention is to provide a semiconductor
device that includes an oxide semiconductor thin film layer of zinc oxide and
that exhibits excellent performance even after being subjected to a heat
treatment process during formation of an insulating film or the like.

According to one-aspect of the present fnverition, a semiecnduetor
device includes an oxide semiconductor thin film layer of zinc oxide. The
(002) lattice plaﬁes of at least a part of the oxide semiconductor thin film
layer have a preferred orientation along a direction perpendicular o a
substrate and a lattice spacing dooz of at least 2.619A.

According to one aspect of a manufacturing method of a
semiconductor device according to the present invention, a substrate is
provided and an oxide semiconductor thin film layer of zinc oxide is
deposited on the substrate. In the as-deposited state, the (002) lattice planes
of at least a part of the oxide semiconductor thin film layer have a preferred
orientation along a direction perpendicular to the substrate and a lattice

spacing dooz of at least 2.619A.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will
become apparent from the following detailed description, taken in
combination with the accompanying drawings.

Fig. 1is a cross sectional view of the thin film transistor according to
the first embodiment of the present invention;

Figs. 2A to 2F are cross sectional views of the thin film transistor
(TFT) sequentially showing a manufacturing method of the thin film-
transistor of the first embodiment. Fig. 2A is a cross sectional view of the
thin film transistor after formation of the pair of source/drain electrodes on
the substrate; Fig. 2B is a cross sectional view of the thin film transistor
after-formation of the oxide semiconductor thin film:layer and the first-gate
insulator; Fig. 2C is a cross sectional view of the thin film transistor after
formation of the photoresist; Fig. 2D is a cross sectional view of the thin film
transistor after patterning of the oxide semiconductor thin film layer and
the first gate insulator; Fig. 2B 1s a cross sectional view of the thin film
transistor after formation of the second gate insulator and the contact holes;
and Fig. 2F is a cross sectional view of the thin film transistor after
formation of the gate electrode, the contact parts, the external source/drain
electrodes, and the display electrode;

Fig. 3 is a cross sectional view of the thin film transistor according to
the second embodiment of the present invention;

Figs. 4A to 4E are cross sectional views of the thin film transistor

sequentially showing a manufacturing method of the thin film transistor of
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the second embodiment. Fig. 4A is a cross sectional view of the thin film
transistor after formation of the pair of source/drain electrodes and the
contact layers on the substrate; Fig. 4B is a cross sectional view of the thin
film transistor after formation of the oxide semiconductor thin film layer;
Fig. 4C is a cross sectional view of the thin film transistor after formation of
the first gate insulator; Fig. 4D is a cross sectional view of the thin film

transistor after patterning of the first gate insulator, the oxide

* semiconductor thin film layer, and the contact layers; and Fig. 4E is a cross

sectional view of the thin film transistor after formation of the second gate
insulator and the contact holes;

Fig. 5 is a cross-sectional view of the thin film transistor according to
the third embodiment of the present invention;

Figs. 6A to 6F are cross sectional views of the thin film transistor
(TFT) sequentially showing a manufacturing method of the thin . film
transistor of the third embodiment. Fig. 6A is a cross sectional view of the
thin film transistor after formation of the pair of source/drain electrodes and
the oxide semiconductor thin film layer on the substrate; Fig. 6B is a cross
sectional view of the thin film transistor after formation of the first gate
insulator; Fig. 6C is a cross sectional view of the thin ﬁlm transistor after
patterning of the oxide semiconductor thin film layer and the gate insulator;

Fig. 6D is a cross sectional view of the thin film transistor after formation of

. the second gate insulator; Fig. 6E is a cross sectional view of the thin film

transistor after formation of the gate electrode and patterning of the first
gate insulator and the second gate insulator; and Fig. 6F is a cross sectional

view of the thin film transistor after formation of the interlayer insulator;
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Fig. 7 is a cross-sectional view of the thin film transistor according to
the fourth embodiment of the present invention;

Fig. 8 is a cross-sectional view of the thin film transistor according to
the fifth embodiment of the present invention;

Fig. 9 is a cross-sectional view of the thin film transistor according to
the sixth embodiment of the present invention;

Figs. 10A to 10E are cross sectional views of the thin film transistor
sequentially showing a manufacturing method of the thin film transistor of
the sixth embodiment. Fig. 10A is a cross sectional view of the thin film
transistor after formation of the gate electrode and the gate insulator; Fig.
10B is a cross sectional view of the thin film transistor after formation of the
oxide semiconductor thin film layer and the first overcoat insulator; Fig.
10C is a cross sectional view of the thin film transistor after patterning of
the oxide semicenductor-thin film liyer and the first overcoat insulator; Fig:
10D is a cross sectional view of the thin film transistor after formation of the
second overcoat insulator and the contact holes; and Fig. 10E is a cross
sectional view of the thin film transistor after formation of the pair of
source/drain electrodes;

Fig. 11 is a graph showing (002) diffraction peak locations in zinc
oxide thin films formed under different film-formation pressures;

Fig. 12 is a graph showing the dependency of the lattice spacing dooz,
which is calculated from X-ray diffraction results, on the film-formation
pressure under different gas flow rates;

Fig. 13 is a graph showing the dependency of the sheet resistance of

zine oxide thin films on the heat treatment temperatures;
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Fig. 14 is a graph showing the drain current versus applied gate
voltage;

Fig. 15 is a graph showing the dependency of the sheet resistance of
ion-doped zinc oxide thin films on the heating treatment temperature,
comparing the zinc oxide thin films of different lattice spacings; and

Fig. 16 is a graph showing the structure of a conventional bottom
gate thin film transistor.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of a semiconductor device according to the piesent
invention will be described below using a thin film transistor, which is
formed on a substrate, as an example of the semiconductor device. The
term “semiconductor device” as used herein refers to a structure including a
substrate, and specifically to ‘a device in which at least one semiconductor
element (e.g., thin film transistor), which does not include a substrate, is
formed on a substrate. It should be understood that the semiconductor
device according to the present invention is not limited by the embodiments
described below. For example, the semiconductor elements are not limited
to thin film transistors but may be other semiconductor elements such as
diodes or photoelectric conversion elements. The structure of thin film
transistors is not limited by the embodiments shown below.

In the following description, orientations of zinc oxide are
represented by the Miller indices, such as (002) preferred orientation. The
Miller index (002) corresponds to (0002) preferred orientation represented

by an index for the hexagonal crystal system.
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The term “intrinsic zinc oxide” as used herein refers to zinc oxide
that contains substantially no impurities. The term “dope” as used herein
refers to a process of introducing ions and includes an ion-implantation

process.

First Embodiment

Fig. 1 shows the structure of a thin film transistor 100 according to
the first embodiment of the present invention. Thin film transistor 100,
which has a top-gate structure, is supported on substrate 1, and includes: a
pair of source/drain electrodes 2, an oxide semiconductor thin film layer 3, a
first gate insulator 4, contact parts 5a, a pair of external source/drain
electrodes 2a, a second gate insulator 6, a gate electrode 7, and a display
electrode 8.

The ' pair -of-source/drain electrodes 2 are formed on -substrate 1.
Source/drain electrodes 2 are spaced apart from each other on the upper
surface of substrate 1.

Oxide semiconductor thin film layer 3 is formed on substrate 1 and
the pair of source/drain electrodes 2. Oxide semiconductor thin film layer 3
is arranged such that a channel is formed between a source electrode and a
drain electrode of source/drain electrodes 2. Ozxide semiconductor thin film
layer 3 is formed by an oxide semiconductor mainly comprising zinc oxide.

In Fig. 1, oxide semiconductor thin film layer 3 is shown as having a
thinner portion on the pair of source/drain electrodes 2 and a thicker portion
between the pair of source/drain electrodes 2, for convenience of illustration.
However, the thinner portion and the thicker portion of oxide semiconductor

thin film layer 3 actually have a substantially identical thickness. In other
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words, oxide semiconductor thin film layer 3 has a substantially constant
thickness on the pair of source/drain electrodes 2 and between the pair of
source/drain electrodes 2. This is also true in other drawings described
below.

The (002) lattice planes of the zinc oxide used in oxide semiconductor
thin film layer 3 according to the present invention have a preferred
orientation along a direction perpendicular to substrate 1 and a lattice
spacing dooz of at least 2.619A. Accordingly, oxide semiconductor thin film
layer 3 has a high heat resistance.

The (002) lattice planes of single crystal zinc oxide have a lattice -
spacing dooz that is in a range from 2.602A to 2.604A. Single crystal zinc
oxide therefore exhibits an insufficient heat resistance. If such single
crystal zinc oxide having an insufficient heat resistance is used in a top gate
thin- filor transistor: having the structure—described akiove, the heat history-
during formation of gate insulator 4 would cause desorption of zinc and
oxygen from the zinc oxide near the surface of oxide semiconductor thin film
layer 3 (channel region). The desorption of zinc and oxygen from oxide
semiconductor thin film layer 3 causes defects which worsen the film quality
of oxide semiconductor thin film layer 3. Such defects form electrically
shallow impurity levels and reduce the resistance of oxide semiconductor
thin film layer 3. In this situation, thin film transistor 100 operates in a
normally-on mode or a depletion mode. Such operation results in increased
defect levels, a smaller threshold voltage, and an increased leak current.

The lattice spacing dooz of oxide semiconductor thin film layer 3
according to the present invention is at least 2.619A. The oxide

semiconductor thin film layer 3 having such a lattice spacing dooz exhibits
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an excellent heat resistance. In other words, it is possible to suppress
desorption of oxygen and zinc and to prevent a decrease in the resistance of
oxide semiconductor thin film layer 3. Therefore, leak current in thin film
transistor 100 is suppressed.

More preferably, the lattice spacing dooz of oxide semiconductor thin
film layer 3 is at least 2.625A. Since such oxide semiconductor thin film
layer 3 has an improved heat resistance, leak current in thin film transistor
100 is suppressed. The effect of the lattice spacing and the heat resistance
on TFT performance will be described in the EXAMPLES section below.

- First gate insulator 4 is formed to coat only the upper surface of
oxide semiconductor thin film layer 3. First gate insulator 4 constitutes a
part of a gate insulator. First gate insulator 4 functions not only as a gate
insulator but also as a protective film that protects oxide semiconductor
thin film-layer 3 from etching by a resist stripper that is used to remove a
photoresist mask employed in etching oxide semiconductor thin film layer 3.

Second gate insulator 6 is formed to coat the entire exposed surfaces
of source/drain electrodes 2, oxide semiconductor thin film layer 3, and first
gate insulator 4. By forming such second gate insulator 6, the upper
surface of semiconductor thin film layer 38 is thoroughly coated with first
gate insulator 4 while the side surfaces of semiconductor thin film layer 3
are thoroughly coated with second gate insulator 6.

First gate insulator 4 and second gate insulator 6 may be a silicon
oxide (SiOy) film, a silicon oxide nitride (SiON) film, a silicon nitride (SiN)
film, or a silicon nitride (SiN) film doped with oxygen using oxygen or a
compound containing oxygen. Preferably, first gate insulator 4 and second

gate insulator 8 are formed by a silicon nitride (SiN) film doped with oxygen
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using oxygen or compound (e.g. N2O) containing oxygen. Such a doped
silicon nitride film has a higher dielectric constant than silicon oxide
compound (SiOx) or silicon oxide nitride (SiON).

First gate insulator 4 and second gate insulator 6 are formed, for
example, by means of plasma-enhanced chemical vapor deposition (PCVD).

External source/drain electrodes 2a are respectively connected to
source/drain electrodes 2 through contact holes 5 via contact parts ba.

Gate electrode 7 is formed on second insulator 6. Gate electrode 7
is configured to control electron density in oxide semiconductor thin film
layer 3 according to the gate voltage applied to thin film transistor 100.

Display electrode 8 is configured to apply a voltage to liquid crystal
used in a liquid crystal display. Since display electrode 8 is required to

have a high transmittance with respect to visible light, display electrode 8 is

formed by a conductive oxide thin film containing indiumn-tin oxide (FTO}or

the like. It should be understood that the display electrode 8 may be
formed by a low resistance zinc oxide thin film of zinc oxide that is doped
with dopants such as Al and Ga.

Referring to Figs. 2A to 2G, a manufacturing method of the thin film
transistor 100 according to the first embodiment of the present invention
will be described below.

Referring to Fig. 2A, a thin metal film is formed on substrate 1, and
is then patterned by means of photolithography to form the pair of
source/drain electrodes 2.

Referring to Fig. 2B, an intﬁnsic 7n0 semiconductor thin film as
oxide semiconductor thin film layer 3 is formed by means of magnetron

sputtering on all of the exposed surfaces of substrate 1 and the pair of the

13 PCT/IP2007/061242
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source/drain electrodes 2 to have a thickness of 50 to 100 nm. First gate
insulator 4 is formed on oxide semiconductor thin film layer 3 using a
technique and condition(s) that do not reduce the resistance of oxide
semiconductor thin film layer 3. It is preferable to form first gate insulator
4 at a temperature of 250°C or below.

According to one example of the film formation conditions of
semiconductor thin film layer 38 of the present embodiment, semiconductor
thin film layer 3 may be formed by way of radio-frequency magnetron
sputtering using a mixed gas of argon and oxygen as a source gas.

The film formation conditions of oxide semiconductor thin film layer
3 according to the present invention are controlled such that the (002)
lattice planes of oxide semiconductor thin film layer 3, in the as-deposited
state, have a lattice spacing dooz of at least 2.619A, while the lattice spacing
dooz of single crystal zinc oxide is in a range from about 2.6024 to £.6044.

Specifically, a lower film-formation pressure results in a larger
lattice spacing doe2. In addition, if Ar and Oz are used as source gases in
forming a zinc oxide film, a lower Ar/Oz flow ratio (flow ratio of Ar to 03)
results in a larger lattice spacing dop2. Control of the lattice spacing dooz
will be described in detail in the EXAMPLES section below.

Oxide semiconductor thin film layer 3 experiences a heat history
during formation of first gate insulator 4. However, the high heat
resistance of oxide semiconductor thin film layer 3 having a lattice spacing
of at least 2.619A according to the present invention suppresses desorption
of oxygen and zinc from oxide semiconductor thin film layer 3 during

formation of first gate insulator 4, whereby a decrease in the resistance of
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oxide semiconductor thin film layer 3 is prevented. Accordingly, leak
current in thin film transistor 100 is suppressed.

Referring to Fig. 2C, a photoresist is coated and patterned on first
gate insulator 4 so as to form a photoresist 4a. Using photoresist 4a as a
mask, first gate insulator 4 is dry-etched. Then oxide semiconductor thin
film layer 3 is wet-etched.

Fig. 2D shows a cross section of thin film transistor 100 after
removal of photoresist 4a, subsequent to wet-etching of oxide semiconductor
thin film layer 3. In thin film transistor 100, a TFT active layer region
including first gate insulator 4 is formed in a self-aligning manner with -
respect to oxide semiconductor thin film layer 3. First gate insulator 4 is
configured not only to form an interface with oxide semiconductor thin film
layer 3 but also to protect oxide semiconductor thin film layer 3 during
patterning of the active region. Specifically, gate -insulatorzi protects oxide -
semiconductor thin film layer 3 from various agents (e.g., resist stripper)
used in a photolithography process. Without first gate insulator 4, the
resist stripper, which is used for removal of photoresist 4a after the
patterning of the active layer, contacts and roughens the surface and the
grain boundaries of oxide semiconductor thin film layer 3. The presence of
first gate insulator 4 on oxide semiconductor thin film layer 3 prevents
roughening of the surface and the grain boundaries of oxide semiconductor
thin film layer 3.

First gate insulator 4 and oxide semiconductor thin film layer 3 may
be processed using other methods than the above-mentioned methods. For
example, both the first gate insulator and the oxide semiconductor thin film

layer may be dry-etched or wet-etched.



10

15

20

25

WO 2007/142167 16 PCT/JP2007/061242

As shown in FIG. 2E, after patterning of the TFT active region,
second gate insulator 6 is formed on the entire exposed surfaces of substrate
1, source/drain electrodes 2, oxide semiconductor thin film layer 3, and first
gate insulator 4 such that second gate insulator 6 coats first gate insulator 4
and source/drain electrodes 2. Then contact holes 5 are opened in second
gate insulator 6 to expose portions of source/drain electrodes 2. Itis
preferable to form second gate insulator 6 under the same conditions as
those employed in forming first gate insulator 4.

Lastly, referring to Fig. 2F, gate electrode 7 is formed by a metal film
on second gate insulator 6. Then external source/drain electrodes 2a are
formed by the same material as gate electrode 7. External source/drain
electrodes 2a are respectively connected to source/drain electrodes 2
through contact holes 5 via contact parts 5a. Display electrode 8 is formed
in the final step to-form TFT-100 according to the first-embodiment’ of the
present invention. _

Although it has been described above that the (002) lattice planes of
the entire oxide semiconductor thin film layer 3 have a preferred orientation
along a direction perpendicular to substrate 1 and a lattice spacing dooz of at
least 2.619A, the orientation and the lattice spacing of zinc oxide vary
depending on the material on which the zinc oxide is formed into a film. In
thin film transistor 100, a portion of oxide semiconductor thin film layer 3
that is in contact with substrate 1 (a portion that is positioned between the
pair of source/drain electrodes 2) may have a different orientation and a
different lattice spacing from the other portion of oxide semiconductor thin
film layer 3 that is in contact with the pair of source/drain electrodes 2. In

this case, at least the portion that is in contact with substrate 1 should have
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a lattice spacing dooz of at least 2.619A and maintain a high resistance.
Since a channel is formed above the portion that is in contact with substrate
1, the leak current in thin film transistor 100 is suppressed by maintaining

the high resistance of the portion that is in contact with substrate 1.

Second Embodiment

Next, a thin film transistor 200 according to the gsecond embodiment

of the present invention will be described. In the following description,

parts that are similar to or the same as parts described above with respect
to the thin film transistor 100 of the first embodiment will be identified with
the same reference numerals as used above with respect to the thin film
transistor 100 according to the first embodiment, and description of these
parts:will be omitted.

Fig. 3 shows a cross section of thin film transistor 200 according to
the second embodiment of the present invention. Thin film transistor 200
is formed on a substrate 1, and includes: a pair of source/drain electrodes 2,
a pair of contact layers 10, an oxide semiconductor thin film layer 3, a first
gate insulator 4, contact parts ba, a pair of external source/drain electrodes
2a, a second gate insulator 6, a gate electrode 7, and a display electrode 8.
These layers are combined in this order as shown in Fig. 3. As compared to
thin film transistor 100, thin film transistor 200 additionally includes a pair
of contact layers 10 between the pair of source/drain electrodes 2 and oxide
semiconductor thin film layer 3.

The pair of contact layers 10 are mainly formed of zinc oxide and are

formed to be in contact with oxide semiconductor thin film layer 3.
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Specifically, the pair of contact layers 10 are respectively formed on
source/drain electrodes 2. Oxide semiconductor thin film layer 3 is formed
on contact layers 10 and between contact layers 10 between source/drain
electrodes 2 so as to provide a channel between a source electrode and a
drain electrode of source/drain electrodes 2. In this way, contact layers 10
are formed between oxide semiconductor thin film layer 3 and the pair of
source/drain electrodes 2 to connect oxide semiconductor thin film layer 3
and the pair of source/drain electrodes 2.

In thin film transistor 200, the (002) lattice planes of the zinc oxide
used in oxide semiconductor thin film layer 3 and the pair of contact layers
10 have a preferred orientation along a direction perpendicular to substrate
1. Since both oxide semiconductor thin film layer 3 and the pair of contact |
layers 10 are zinc oxide having (002) planes with a preferred orientation, it
ispossibleto form these layers using-an identieal target. Therefore, it is
possible to form oxide semiconductor thin film layer 3 and contact layers 10
using an identical apparatus. This eliminates the need to provide another
apparatus to form the pair of contact layers 10.

The lattice spacing dooz of oxide semiconductor thin film layer 3 is at
least 2.619A. The high heat resistance of oxide semiconductor thin film
layer 3 having such a lattice spacing dooz reduces effects of the heat
treatment during, for example, formation of first gate insulator 4.
Therefore it is possible to suppress the occurrence of defects that form
shallow impurity levels in oxide semiconductor thin film layer 3 so as to
prevent a decrease in the resistance of oxide semiconductor thin film layer 3.

Thus, leak current in thin film transistor 200 is suppressed.
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The lattice spacing dooz of the pair of contact layers 10 is controlled
to be smaller than the lattice spacing dooz of oxide semiconductor thin film
layer 3. Therefore, the heat resistance of the pair of contact layers 10 is
lower than the heat resistance of oxide semiconductor thin film layer 3.
Accordingly, the heat treatment during, for example, formation of first gate
insulator 4 causes more defects in the pair of contact layers 10 than in oxide
semiconductor thin film layer 3. The presence of more defects in the pair of
contact layers 10 reduces the resistance of the pair of contact layers 10
below the resistance of oxide semiconductor thin film layer 3. This
improves the contact between the pair of source/drain électrodes 2 and oxide -
semiconductor thin film layer 3 as well as the current driving capability of
thin film transistor 200.

Specifically, it is preferable that the lattice spacing dooz of the pair of
contact layers 10 is 2. 605A or below. Contéct layers 10 having x lattice
spacing dooz of 2.605A or below have a sufficiently lower heat resistance
than oxide semiconductor thin film layer 3, which as described above has a
lattice spacing dooz of at least 9.619A. Accordingly, after the heat
treatment the resistance of the pair of contact layers 10 is lower than the
resistance of oxide semiconductor thin film layer 3. This improves the
contact between the pair of source/drain electrodes 2 and oxide
semiconductor thin film layer 3 as well as the current driving capability of
thin film transistor 200.

More preferably, the lattice spacing dooz of oxide semiconductor thin
film layer 8 is at least 2.625A. Oxide semiconductor thin film layer 3
having a lattice spacing dooz of at least 2.625A has a further improved heat

resistance. Therefore, even if oxide semiconductor thin film layer 3is



10

15

20

25

WO 2007/142167 20 PCT/IP2007/061242

subjected to a more intensive heat history, the resistance of oxide
semiconductor thin film layer 3 is not significantly reduced (see the more
detailed discussion in the EXAMPLES section below). Thus, leak current
in thin film transistor 200 is suppressed.

If the lattice spacing dooz of oxide semiconductor thin film layer 3 is
at least 2.6254, it is preferable that the lattice spacing dooz of contact layers
101is 2.619A or below. In this case, the heat resistance of contact layers 10
is lower than the heat resistance of oxide semiconductor thin film layer 3.
Accordingly, after the heat treatment the resistance of the pair of contact
layers 10 is lower than the resistance of oxide semiconductor thin film layer
3. This provides better contact between the pair of source/drain electrodes
9 and oxide semiconductor thin film layer 3. Therefore, thin film transistor
200 has a high current driving capability.

If the lattice spacing-doos of oxide semiconducter thim filmy layer-3 is
at least 2.6254, it is more preferable that the lattice spacing dooz of contact
layers 10 is 2.605A or below. In this case, the heat resistance of the pair of
contact layers 10 is further reduced, and therefore the resistance of the pair
of contact layers 10 having such a lattice spacing is more significantly
reduced by a heat treatment. As a result, better contact between the pair
of source/drain electrodes 2 and oxide semiconductor thin film layer 3 is
provided.

The effect of the lattice spacing dooz of zine oxide used as a main
component of the pair of contact layers 10 and oxide semiconductor thin film
layer 3 on the resistance of these layers will be described in detail in the

EXAMPLES section below.
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Next, the manufacturing method of thin film transistor 200
according to the second embodiment of the present invention will be
described with reference to Figs. 4A to 4E.

The pair of source/drain electrodes 9 are formed on substrate 1.
Then, a contact layer of zinc oxide is formed to have a 10 to 100 nm
thickness on all of the exposed surfaces of respective source/drain electrodes
9 and substrate 1. The contact layer of zinc oxide is then patterned so as to
form the pair of contact layers 10 on the respective source/drain electrodes 2
with a gap therebetween in the region between the pair of source/drain
electrodes 2, as shown in FIG. 4A.

Referring to Fig. 4B, oxide semiconductor thin film layer 3 of zine
oxide is formed on all of the exposed surfaces of substrate 1 and the pair of
contact layers 10 to have a thickness of 50 to 100 nm.

~The-pair of contact layers 10 and the oxide'semiconduetor thin film
layer 3 are formed by means of, for example, magnetron sputtering. The
conditions used in these film formations are controlled such that (002)
planes of oxide semiconductor thin film layer 8 and the pair of contact layers
10, in the as-deposited state, have a preferred orientation along a direction
perpendicular to substrate 1. The film formation conditions are further
controlled such that oxide semiconductor thin film layer 3, in the
as-deposited state, has a lattice spacing dooz of at least 2.619A and such that
the pair of contact layers 10, in the as-deposited state, have a lattice spacing
dooz that is smaller than the lattice spacing dooz of oxide semiconductor thin
film layer 3, in the as-deposited state. (See the disclosure of the preferred
relationship between the respective lattice spacings dooz of the pair of

contact layers 10 and the oxide semiconductor thin film layer 3 above.)
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The lattice spacing dooz may be controlled by varying the
film-formation pressure or the gas flow ratio as mentioned above with
respect to the first embodiment.

Specifically, a lower film-formation pressure results in a larger
lattice spacing dooz. Thus, if the oxide semiconductor thin film layer 3 is
formed with a film-formation pressure that is lower than the film-formation
pressure used when forming the pair of contact layers 10, the oxide
semiconductor thin film layer 3 will have a larger lattice spacing dooz than
the lattice spacing of the pair of contact layers 10. In addition, if Ar and O2
are used as source gases in forming a zinc oxide film, a lower Ax/Oq flow
ratio (flow ratio of Ar to O2) results in a larger lattice spacing dooz. Control
of the lattice spacing dopz will be described in detail in the EXAMPLES
section below.

The oxide semiconductor thin film layer 3 and the-pair of contact:
layers 10 are both of zinc oxide. The lattice spacing dooz of oxide
semiconductor thin film layer 3 and contact layers 10 is controlled by
modifying film formation conditions. In other words, it is possible to form
oxide semiconductor thin film layer 3 and the pair of contact layers 10 by
using an identical apparatus under different conditions. Therefore, no
additional apparatus is needed to form the pair of contact layers 10 when
forming thin film transistor 200 having the pair of contact layers 10.

Referring to Fig. 4C, first gate insulator 4 is formed on oxide
semiconductor thin film layer 8. During formation of first gate insulator 4,
oxide semiconductor thin film layer 3 and contact layers 10 experience a
heat history. As described above, the lattice spacing deoz of oxide

semiconductor thin film layer 3, in the as-deposited state, is larger than the
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lattice spacing dooz of contact layers 10, in the as-deposited state.

Therefore, oxide semiconductor thin film layer 3 has a higher heat
resistance than contact layers 10. Accordingly, the resistance of the pair of
contact layers 10 is reduced by the heat history during the formation of first
gate insulator 4, while oxide semiconductor thin film layer 3 maintains a
high resistance.

Contact layers 10 have a lower resistance than oxide semiconductor
thin film layer 3. Providing contact layers 10 having the lower resistance
helps to provide better contact between the pair of source/drain electrodes 2
and oxide semiconductor thin film layer 3.

Further, oxide semiconductor thin film layer 3 maintains a high
resistance through the heat history to suppress the leak current in thin film
transistor 200.

After formation of first gate insulator-4, a photeresist is formed on
first gate insulator 4. Using the photoresist as a mask, first gate insulator
4, oxide semiconductor thin film layer 3, and the pair of contact layers 10
are etched.

Fig. 4D shows a cross section of thin film transistor 200 after
removal of the photoresist subsequent to the etching. Thin film transistor
200 as shown in Fig. 4D has a TFT active layer region that includes first
gate insulator 4 formed in a self-aligning manner with respect to
semiconductor thin film layer 3. First gate insulator 4 is configured not
only to form an interface with oxide semiconductor thin film layer 3 but also
to protect oxide semiconductor thin film layer 3 during patterning of the
active region. Specifically, gate insulator 4 protects oxide semiconductor

thin film layer 3 from various agents (e.g., resist stripper) used in a
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photolithography process. Without first gate insulator 4, the resist
stripper, which is used for removal of photoresist 4a after the patterning of
the active layer, contacts and roughens the surface and the grain boundaries
of oxide semiconductor thin film layer 3. The presence of first gate
insulator 4 on oxide semiconductor thin film layer 3 prevents the surface
and the grain boundaries of oxide semiconductor thin film layer 3 from
roughening.

Referring to Fig. 4E, second gate insulator 6 is then formed on all of
the exposed surfaces of substr;te 1, the pair of source/drain electrodes 2, the
pair of contact layers 10, oxide semiconductor thin film layer 3, and first
gate insulator 4, such that second gate insulator 6 coats first gate insulator
4 and source/drain electrodes 2. Then contact holes 5 are opened in second
gate insulator 6 to exposé portions of source/drain electrodes 2. Itis
preferable to form second gate insulator 6 under the same conditions used. to-
form first gate insulator 4.

Lastly, gate electrode 7 is formed by a metal film on second gate
insulator 6. Then external source/drain electrodes 2a are formed by the
same material as gate electrode 7. External source/drain electrodes 2a are
respectively connected to source/drain electrodes 2 through contact holes 5
via contact parts 5a. Display electrode 8 is formed (see Fig. 3) in the final
step to form a TFT 200 according to second embodiment of the present
invention.

In a similar manner to the first embodiment described ébove, the
orientation and the lattice spacing of the oxide semiconductor thin film
layer 3 and contact layers 10 of TFT 200 vary depending on the underlying

layer. The (002) planes of at least a portion of oxide semiconductor thin
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film layer 3 that is in contact with substrate 1 (a portion that is positioned
between the pair of source/drain electrodes 2) and at least a portion of
contact layers 10 that is in contact with substrate 1 (a portion that is
positioned between the pair of source/drain electrodes 2) should have a
preferred orientation along a direction perpendicular to substrate 1 and a
lattice spacing dooz of at least 92.619A in order to maintain a high resistance
in an area in which a channel is formed. This further provides better
contact between the pair of source/drain electrodes 2 and oxide
semiconductor thin film layer 3.

Although the thin film transistor 200 of the second embodiment has
been described as being a top gate thin film transistor, the thin film
transistor 200 having contact layers 10 according to the second embodiment
of the present invention may be a top gate thin film transistor of a different

structure or a-bottom gate thin film transistor.’

Third to Sixth Embodiments

Next, thin film transistors according to the third to sixth
embodiments of the present invention will be described.

Oxide semiconductor thin film layer 3 of the thin film transistors
according to the third to sixth embodiments includes a first region of
intrinsic zinc oxide and second regions doped with donor ions. The first
region is a channel region of the oxide semiconductor thin film layer 3 and
the second regions are included in a pair of source/drain regions that define
the channel region therebetween. The term “intrinsic zinc oxide” as used

herein refers to zine oxide that contains substantially no impurities. The
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term “dope” as used herein refers to a process of introducing ions and

includes an ion-implantation process.

Third Embodiment

Fig.5 shows thin film transistor 300 according to the third
embodiment of the present invention. Thin film transistor 300 is a
so-called staggered thin film transistor, which is supported on a substrate 1,
and includes: a pair of source/drain electrodes 2 formed on substrate 1 and
spaced apart from each other, oxide semiconductor thin film layer 3, a first
gate insulator 4, a second gate insulator 6, a gate electrode 7, an interlayer
insulator 9, contact parts 5a, a pair of external source/drain electrodes 2a,
and a display electrode 8. First gate insulator 4 and second gate insulator

6 are indicated by different numerals because they are formed by separate

‘steps in a manufacturing process of thin film transistor360.

Oxide semiconductor thin film layer 3 of zinc oxide is arranged to
form a channel between a source electrode and a drain electrode of the pair
of source/drain electrodes 2.

The (002) planes of the zinc oxide used in oxide semiconductor thin
film layer 3 have a preferred orientation and a lattice spacing dooz of at least
2.619A. Accordingly, oxide semiconductor thin film layer 3 has a high heat
resistance.

The high heat resistance of oxide semiconductor thin film layer 3
suppresses desorption of oxygen and zinc and also prevents a decrease in
the resistance of oxide semiconductor thin film layer 3. Therefore, leak

current in thin film transistor 300 is suppressed.
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More preferably, the lattice spacing dooz of oxide semiconductor thin
film layer 3 is at least 2.625A. Since semiconductor thin film layer 3
having such a lattice spacing dooz has a further improved heat resistance,
Jeak current in thin film transistor 300 is further suppressed.

Oxide semiconductor thin film layer 3 has a channel region 31 (the
first region) and a pair of source/drain regions 32 (regions including the
second regions). Channel region 31 is located directly below gate electrode
7 (as shown in Fig. 5) and functions as a channel.

The pair of source/drain regions 32 are the regions of oxide
semiconductor thin film layer 3 other than channel region 31. -
Source/drain regions 32 include the second regions, which are doped with
donor ions and exhibit a low resistance. In the thin film transistor 300
according to the third embodiment, the entire areas of source/drain regions
39 are the-second regions having a decreased-resistance: -

By providing source/drain regions 32, it is possible to suppress a
parasitic resistance from the pair of source/drain electrodes 2 to the channel
as well as current rate degradation. After being ion-doped, the pair of
source/drain regions 32 are subjected to an activation treatment in order to
reduce the resistance of the pair of source/drain regions 32. The method of
reducing the resistance of the pair of source/drain regions 32 will be
described in detail later.

First gate insulator 4 is formed to coat only the upper surface of
channel region 31 of oxide semiconductor thin film layer 3 whereas second
gate insulator 6 is formed to coat only the upper surface of first gate
insulator 4. First gate insulator 4 and second gate insulator 6 may be a

silicon oxide (SiOx) film, a silicon oxide nitride (SiON) film, a silicon nitride
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(SiN,) film, or a silicon nitride (SiNy) film doped with oxygen using oxygen

or a compound containing oxygen. Also, first gate insulator 4 and second

" gate insulator 6 may be an aluminum oxide (A10y) film.

Gate electrode 7 is formed on second gate insulator 6. Preferably,
each end of gate electrode 7 is coincident with one of the inner ends of the
pair of source/drain regions 32 along the film thickness direction. This
reduces a parasitic capacitance between source/drain regions 32 and gate
electrode 7 so as to improve the circuit speed of thin film transistor 300.

Preferably, gate electrode 7 is narrower than the spacing between the inner

.ends of the pair of source/drain electrodes 2: This reduces a parasitic

capacitance between source/drain regions 32 and gate electrode 7 so as to
suppress a decrease in the circuit speed of thin film transistor 300.

Interlayer insulator 9 is formed to coat all of the exposed surfaces of
the-pair of source/drain electrodes 2, the pair-of source/drain-regions 82; and
gate electrode 7. Interlayer insulator 9 is configured not only to protect
thin film transistor 300 but also to heat the pair of source/drain regions 32.
This reduces the resistance of the pair of source/drain regions 32.

External source/drain electrodes 2a are respectively connected to
source/drain electrodes 2 through contact holes 5 via contact parts 5a.

Display electrode 8 is configured to apply a voltage to liquid erystal
used in a liquid crystal display.

Referring to Fig. 6, a manufacturing method of thin film transistor
300 according to the third embodiment will be described.

As shown in Fig. 6A, a semiconductor thin film of zinc oxide is
formed on all of the exposed surfaces of substrate 1 and the pair of

source/drain electrodes 2 to have a thickness of, for example, 50 to 100 nm.
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According to one example of the film formation conditions of
semiconductor thin film layer 3 of the third embodiment, semiconductor
thin film layer 3 may be formed by way of radio-frequency magnetron
sputtering using a mixed gas of argon and oxygen as a source gas.

The film formation conditions of oxide semiconductor thin film layer
3 according to the present invention are controlled such that the lattice
spacing dooz of oxide semiconductor thin film layer 3, in the as-deposited
state, 1s at least 2.619A. Specifically, the lattice spacing dooz may be
increased by reducing a film-formation pressure or Ar/O2 flow ratio.

| Next, as shown in Fig. 6B, first gate insulator 4 is formed on oxide
semiconductor thin film layer 3. During formation of first gate insulator 4,
oxide semiconductor thin film layer 3 experiences a heat history. Oxide
semiconductor thin film layer 3 according to this embodiment has a lattice
spacing deos-of at-least 9.619A and exhibits a high heat resistance: The-
high heat resistance of oxide semiconductor thin film layer 3 prevents the
heat history during the formation of first gate insulator 4 from causing
desorption of oxygen and zinc from oxide semiconductor thin film layer 3, so
as to suppress leak current in thin film transistor 300. Specifically, the
high heat resistance of oxide semiconductor thin film layer 3 reduces
limitations on the temperature and the time for treating first gate insulator
4. TFor example, even if thin film transistor 300 is formed at a
comparatively high temperature, thin film transistor 300 becomes excellent
in suppression of leak current.

Preferably, the film formation temperature of first gate insulator
film 4 is 250°C or below. The film formation temperature may be

determined according to the lattice spacing dooz and other conditions of
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oxide semiconductor thin film layer 3 as well as the desired TFT properties
in order to prevent a decrease in the resistance of oxide semiconductor thin
film layer 3.

Oxide semiconductor thin film layer 8 and first gate insulator 4 are
patterned collectively. The collective patterning of oxide semiconductor
thin film layer 3 and first gate insulator 4 makes it possible to protect the
surface of oxide semiconductor thin film 3 from a resist stripper or the like.
The resist stripper is used in, for example, removing a resist for patterning.
Fig. 6C shows thin film transistor 300 after the patterning of oxide
semiconductor thin film layer 8 and first gate insulator 4.

As shown in Fig. 6D, after the patterning of oxide semiconductor
thin film layer 3 and first gate insulator 4, second gate insulator 6 is formed.

Gate electrode 7 is then formed on second gate insulator 6. Using
gate-electrode 7 as a mask, first gate insulator 4 and second gate-insulator 8-
are dry-etched using gas such as SFs.

Fig. 6B shows a cross section of thin film transistor 300 after
dry-etching of first gate insulator 4 and second gate insulator 6. As shown
in Fig. 6E, first gate insulator 4, second gate insulator 6, and gate electrode
7 are formed in a self-aligning manner. Since oxide semiconductor thin
film layer 3 is not etched in the dry-etching, each end of oxide semiconductor
thin film layer 3 is not coated by first gate insulator 4, such that the ends of
the oxide semiconductor thin film layer 3 are in an uncovered state.

After the patterning of first gate insulator 4 and second gate
insulator 6, source/drain regions 32 are doped with ions that function as

donors for zinc oxide through the full thickness of semiconductor thin film
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layer 3. Source/drain regions 82 are unmasked regions that are adjacent to
the channel region 31 masked with gate electrode 7.

The donor ions include, for example, ions obtained by ionizing group
III elements. The group 11 elements may be at least one of indium,
gallium, aluminum, and the like.

Preferably, the ion-implantation technique is used in the doping.

In the ion-implantation technique, accelerated ions with energies of several
keV to several MeV are irradiated and doped to a target object. Using the
ion-implantation technique, it is possible td dope source/drain regions 32
with the ions after oxide semiconductor thin film layer 3 is formed: In
addition, the ion-doping results in interfaces between the doped region and
the undoped region being coincident with the edges of first gate insulator 4,
respectively as shown in Fig. 6F.

The donorionsmay be, for example, ions obtained-by ionizing at:
least one of hydrogen (H), helium (He), neon (Ne), argon (Ar), krypton (K,
fluorine (F), xenon (Xe), and oxygen (0). Since it is easy to obtain these
ions by way of plasma decomposition or the like, mass segregation is not
required to dope the ions to a large area.

The pair of source/drain regions 32 according to this embodiment are
in an uncovered state. The ions are doped directly to the pair of
source/drain regions 32 and not through first gate insulator 4 or second gate
insulator 6. This reduces an acceleration voltage used in the doping so as
to reduce damages caused by the ion-doping to other regions than the pair of
source/drain regions 32.

Now the mechanism of the decrease in resistance of the pair of

source/drain regions 32 will be explained.
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The decrease in the resistance of the pair of source/drain electrodes
32 is caused by replacing oxygen and zinc (i.e., components of zinc oxide)
with the doped ions, which are caused to enter lattice locations of zinc oxide.
The entry of the doped ions to lattice locations of zinc oxide is referred to as
activation of ions, and is caused by an activation treatment. If oxide
semiconductor thin film layer 3 has a lattice spacing dooz2 of 2.6024A to
2.604A, which is similar to the lattice spacing of so-called single crystal zinc
oxide, the activation of the ions doped in oxide semiconductor thin film layer
3 is easily caused by an activation treatment such as a heat treatment at a
relatively low temperature. However, in zinc oxide with a larger lattice
spacing dooz (as in the structure of the present invention), the doped ions are
less likely to enter lattice locations of the zinc oxide. In other words, ion

activation is less likely to occur. In this case, the pair of source/drain

- vegions 32 of oxide semiconductor thin film layer 3-are:subjected to-a heat

treatment (activation treatment) at a higher temperature to cause the
activation of the ions doped in these regions. In other words, a heat
treatment at a higher temperature allows the doped ions occupying
interstitial sites to enter lattice sites to be electrically activated. Therefore,
it is possible to selectively reduce the resistance of the pair of source/drain
regions 32 so as to suppress a parasitic resistance from the pair of
source/drain electrodes 2 to the channel as well as current rate degradation.
The required temperature in the heat treatment applied to the pair
of source/drain regions 32 to activate the ions depends on the lattice spacing
dooz of oxide semiconductor thin film layer 3 (the lattice spacing dooz of the
pair of source/drain regions 32) and the doping amount of the ions. If the

lattice spacing dooz of oxide semiconductor thin film layer 3 is at least
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2.625A, the temperature of the heat treatment is preferably at least 250°C,
and more preferably, at least 300°C. A heat treatment at such
temperatures securely reduces the resistance of source/drain regions 32.
The heat treatment as an activation treatment of the pair of source/drain
regions 32 adds a heat history also to channel region 31. However, channel
region 31 has a lattice spacing dooz of at least 2.619A (in this example, at
least 2.625A) and exhibits a high heat resistance. Therefore, channel
region 31 maintains a high resistance through the heat history.

Although the activation treatment has been explained using heat
treatment as an example, the activation treatment may be laser irradiation
or the like. If a laser irradiation is performed as the activation treatment,
only the pair of source/drain regions 32 are irradiated with a laser beam and
the pair of source/drain regions 32 are thus selectively activated. The laser
used in the-laserirradiation may be, for example, ultraviclet,infrared;
visible light, and the like. Particularly, ultraviolet light with at least 3.3eV
energy is effectively used because it exhibits a high absorption rate to zine
oxide. Since the pair of source/drain regions 32 are in an uncovered state,
it is possible for a laser to directly irradiate the pair of source/drain regions
32. Thus it is easy to activate the pair of source/drain regions 32.

In thin film transistor 300 according to the third embodiment of the
present invention, first gate insulator 4 and second gate insulator 6 are
temporarily formed on the pair of source/drain regions 32 before the
jon-doping to the pair of source/drain regions 32 (see Figs. 6B to 6D). The
resistance of the pair of source/drain‘regions 32 that have experienced such
processes is easily reduced by the jon-doping. This is because the heat A

history during the formation of first gate insulator 4 and second gate
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insulator 6 makes the pair of source/drain regions 32 more likely to be
activated.

An insulator may be formed on the pair of source/drain regions 32,
which are in an uncovered state according to the third embodiment. In
this case, the heat history during the formation of the insulator activates
the pair of source/drain regions 32 and reduces their resistance.

Specifically, as shown in Fig. 6F, formation of interlayer insulator 9
adds a heat history to the pair of source/drain regions 32. If the resistance

of the pair of source/drain regions 32 is sufficiently reduced in the formation

- of interlayer insulator 9, the above-described activation treatment may not

be required, so as to simplify the manufacturing process.
A reduction process may be performed as the activation treatment of

the pair of source/drain regions 32. Specifically, interlayer insulator 9is

formedy means-of plasma CVD to subject-the pair of source/drain regions

392 to a reduction atmosphere of hydrogen or the like. In this treatment,
only the pair of source/drain regions 32 are subjected to the reduction
a;cmosphere without subjecting channel region 31 to the reduction
atmosphere. This is possible because first gate insulator 4, second gate
insulator 6, and gate electrode 7 overlie channel region 31. Therefore, it is
possible to selectively reduce the resistance of only the pair of source/drain
regions 32.

Then contact holes are opened by means of photolithography in
interlayer insulator 9 to expose portions of the pair of the source/drain
electrodes 2. External source/drain electrodes 2a are respectively

connected to source/drain electrodes 2 through contact holes 5 via contact
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parts 5a. In the final step to form the TFT 300, display electrode 8 18
formed using, for example, indium tin oxide (ITO).

Although thin film transistor 300 as described above includes first
gate insulator 4 and second gate insulator 6, thin film transistor 300 may
have a single-layered gate insulator to protect the surface of oxide
semiconductor thin film layer 3 from etching. In this case, oxide
semiconductor thin film layer 3 is patterned before formation of the gate
insulator. Then gate electrode 7 is placed on the gate insulator to use the
gate electrode 7 as a mask in etching the gate insulator.

Similarly to thin film transistors 100 and 200, it is required in thin
film transistor 300 that (002) planes of at least a portion of oxide
semiconductor thin film layer 3 that is in contact with substrate 1 (a portion
that is positioned between the pair of source/drain electrodes 2) have a
preferred orientation along a direction perpendicular to'substrate 1 and a-
lattice spacing dooz of at least 9.619A. However, it is not necessary for
entire oxide semiconductor thin film layer 3 to have these properties.
Although thin film transistor 800 as described above is a top gate thin film
transistor where gate electrode 7 is positioned above oxide semiconductor
thin film layer 3, it may be a bottom gate thin film transistors where gate

electrode 7 is positioned below oxide semiconductor thin film layer 3.

Fourth embodiment

Fig. 7 shows thin film transistor 400 according to the fourth
embodiment. According to the fourth embodiment, thin film transistor 400
has gate insulators 4 and 6 which are configured to coat the entire upper

surface of oxide semiconductor thin film layer 3. Thus, in contrast to the
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structure of the third embodiment, in thin film transistor 400 according to
the fourth embodiment, etching surfaces E defining all of the ends of gate
insulators 4 and 6 are not coincident with the ends of gate electrode 7 along
a film thickness direction.

If etching surfaces E defining every end of gate insulator 4 and 6 are
coincident with corresponding ends of gate electrode 7, as in thin film
transistor 300 according to the third embodiment, an electric current flows
near rough surfaces E, resulting from the etching. This causes a problem
of an increased leak current. With the structure of thin film transistor 400
according to the fourth embodiment, by contrast, etching surfaces E of gate
insulator 4 and 6 are not coincident with the ends of gate electrode 7 along
the film thickness direction such that no electric current flows through
etching surfaces E. Therefore it is possible to prevent an increase in leak
current due to the roughness-of etching surfaces-E.

The pair of source/drain regions 32 of thin film transistor 400 are not
in an uncovered state during ion-doping of the pair of source/drain regions
32. In addition, surfaces of the pair of source/drain regions 32 are
protected by first gate insulator 4 and second gate insulator 6 during
formation of interlayer insulator 9. Although etching surfaces E of first
and-second gate insulator 4 and 6 are formed in a self-aligning manner in
the present embodiment with respect to the etching surfaces E of
source/drain regions 32, the etching surfaces E may have a different shape.
For example, etching surfaces E of gate insulator 6 and gate electrode 7 and
etching surfaces of gate insulator 4 and source/drain regions 32 may be
formed in a self-aligning manner to obtain a similar effect as well as to

reduce acceleration voltage during ion implantation.
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Similarly to thin film transistors 100, 200 and 300, it is required in
thin film transistor 400 that (002) planes of at least a portion of oxide
semiconductor thin film layer 3 that is in contact with substrate 1 (a portion
that is positioned between the pair of source/drain electrodes 2) have a
preferred orientation along a direction perpendicular to substrate 1 and a
lattice spacing dooz of at least 2.619A. However, it is not necessary for
entire oxide semiconductor thin film layer 3 to have these properties.

Although thin film transistor 400 as described above is a top gate
thin film transistor where gate electrode 7 is positioned above oxide
semiconductor thin film layer 3, it may be a bottom gate thin film
transistors where gate electrode 7 is positioned below oxide semiconductor

thin film layer 3.

Fifth Embodiment -

In the staggered TFTs according to the above-described third and
fourth embodiments, the full thickness of the pair of source/drain regions 32
must be doped with ions. However, sometimes it is impossible to dope the
full thickness of the source/drain regions 32. For example, it is impossible
to dope ions through the full thickness of a film using hydrogen (H), helium
(He), neon (Ne), argon (Ar), krypton (Kr), fluorine (F), xenon (Xe), oxygen
(0), or the like, even if the ion implantation technique is applied, although
the ion implantation technique generally dopes ions to a deeper area of the
film than other techniques. In addition, if the film has an excessive
thickness, it is impossible to dope ions through the full thickness of a film.

In this case, a coplanar thin film transistor 500 as shown in Fig. 8 is

used. The characteristic configurations of the staggered thin film
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transistors may be applied to coplanar thin film transistor 500. In
coplanar thin film transistor 500 according to the fifth embodiment of the
present invention, a pair of source/drain electrodes 2 are formed
respectively on a pair of source/drain regions 32. With this structure, even
a low resistance of only an upper surface of the pair of source/drain regions
32 helps to suppress current rate degradation between the pair of
source/drain electrodes 2 and a channel region 31.

In a coplanar thin film transistor, the doping of hydrogen (1),
helium (He), neon (Ne), argon (Ar), krypton (Kr), fluorine (F), xenon (Xe),
oxygen (0), or the like may be performed by ionizing these ions using
plasma decomposition and then subjecting the pair of source/drain regions
32 to the plasma.

Although thin film transistor 500 as described above is a top gate
thin film transistor where gate-electrode 7 is positioned: above oxidée .
semiconductor thin film layer 3, it may be a bottom gate thin film transistor
where gate electrode 7 is positioned below oxide semiconductor thin film

layer 3.

Sixth Embodiment

Fig. 9 shows bottom gate thin film transistor 600 according to the
sixth embodiment of the present invention. |

Thin film transistor 600 includes a gate electrode 7 formed on a
substrate 1, a gate insulator 4 formed after the gate electrode 7 to coat gate
electrode 7, an oxide semiconductor thin film layer 3 formed on gate
insulator 4, a first overcoat insulator 11 formed to coat an upper surface of

oxide semiconductor thin film layer 3, a second overcoat insulator 12 formed
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to coat side surfaces of oxide semiconductor thin film layer 3 (as well as first
overcoat insulator 11), and a pair of source/drain electrodes 2. Gate
insulator 4 of thin film transistor 600 has a single-layered structure.
Similarly to thin film transistors 100 to 500, it is required in thin film
transistor 600 that (002) planes of the zinc oxide used in oxide
semiconductor thin film layer 3 have a preferred orientation along a
direction perpendicular to the substrate and a lattice spacing dooz of at least
2.619A.

In thin film transistor 600, oxide semiconductor thin film layer 3 is
configured to have a connection area connected with the pair of source/drain
electrodes 2. A portion of oxide semiconductor thin film layer 3 positioned
inside the connection area functions as channel region 31. Outside
portions of oxide semiconductor thin film layer 3 function'as the pair of
sourcefdraim regions 32, which include an-area ‘having a-lower resistance
than channel region 31. More specifically, each of the pair of source/drain
regions 32 has a connection area (an area connected with one of the
source/drain electrodes 2) that has a resistance that is lower than the
resistance of the other areas of the pair of source/drain regions 32. This
sui)presses a parasitic resistance from the pair of source/drain electrodes 2
to a channel as well as current rate degradation.

Next, a manufacturing method of thin film transistor 600 will be
described with reference to Figs. 10A to 10K.

As shown in Fig. 10A, gate electrode 7 and gate insulator 4 are
formed on substrate 1. As shown in Fig. 10B, oxide semiconductor thin
film layer 3 and first overcoat insulator 11 are then sequentially formed on

gate insulator 4.
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After formation of first overcoat insulator 11, oxide semiconductor
thin film layer 3 and first overcoat insulator 11 are etched. Fig. 10C shows
a cross section of thin film transistor 600 after the etching. Oxide
semiconductor thin film layer 8 and first overcoat insulator 11, as shown in
Fig. 10C, are formed in a self-aligning manner. First overcoat insulator 11
is configured to protect oxide semiconductor thin film layer 3 during the
etching. Specifically, first overcoat insulator 11 functions as a protective
film that protects oxide semiconductor thin film layer 3 from various agents
such as a resist stripper used in the etching of oxide semiconductor thin film
layer 3. This avoids the surface roughening of semiconductor thin film
layer 3. A

As seen in Fig. 10D, after formation of first overcoat insulator 11,
second overcoat insulator 12 is formed. Then contact holes b are opened
through first-and second overcoat insulators 11 ard-12to oxide -
semiconductor thin film layer 3 by way of photolithography.

Oxide semiconductor thin film layer 3 is subjecfed to an activation
treatment by ion-doping through contact holes 5 (see Fig. 10D) to reduce the
resistance of portions of oxide semiconductor thin film layer 3 under contact
holes 5.

Since the portions of oxide semiconductor thin film layer 3 under
contact holes 5 are in an uncovered state, it is easy to subject these portions
to an ion-doping and an activation treatment.

In the final step to form thin film transistor 600, contact holes 5 are
filled with metallic materials or the like (see Fig. 10E). The metallic
materials in contact holes 5 form the pair of source/drain electrodes 2. As

described above, the portion of oxide semiconductor thin film layer 3
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positioned inside the connection area (area connected with the pair of
source/drain electrodes) functions as channel region 31, while the outside
portions of oxide semiconductor thin film layer 3 function as the pair of
source/drain regions 32. Since the exposed portions with the reduced
resistance are located in the pair of source/drain regions 32 as the second
regions, a parasitic resistance between the pair of source/drain electrodes 2
and the channel is suppressed.

It has been described that a treatment for reducing the resistance of
oxide semiconductor thin film layer 3 of thin film transistor 600 is
performed through contact holes 5, which are formed in second overcoat
insulator 12 by means of photolithography (see Fig. 10D). To use such a
treatment, at least a part of contact holes 5 and gate electrode 7 should
overlap each other in an overlap area. If such an overlap area is not
formed; an offset structure, in which an area: of a-high resistance is formed-
between the channel and source/drain regions 32, of the thin film transistor
600 results. This may increase parasitic capacitance of thin film transistor
600 and cause current rate degradation.

If the thin film transistor 600 has this structure in which the overlap
area of the contact holes 5 with the gate electrode 7 is not present, one
solution to prevent the high resistance area betwéen the channel and
source/drain regions 32 and to reduce the parasitic capacitance of thin film
transistor 600 is patterning a resist on first overcoat insulator 11 without
using a photomask to reduce the resistance of oxide semiconductor thin film
layer 3. Specifically, after the patterning of first overcoat insulator 11 and
oxide semiconductor thin film layer 3 (see Fig. 10C), a resist is formed on

first overcoat insulator 11. The resist is exposed to light from a substrate
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side and patterned. The resist is used as a mask in the ion-doping and
activation treatment performed subsequently to reduce the resistance of the
pair of source/drain regions 32, which are located outside the area that
loverlies gate electrode 7.

In this case, gate electrode 7 should be shorter in a channel length
direction and longer in a channel width direction than oxide semiconductor
thin film layer 8. A portion of semiconductor thin film layer 3 directly
above gate electrode 7 functions as channel region 31 whereas the other
portions of oxide semiconductor thin film layer 3 defining the channel region
31 therebetween function as the pair of source/drain regions 32.

This method enables the resistance of the entire area of the pair of
source/drain regions 32, which are defined as regions in oxide

semiconductor thin film layer 3 other than channel region 81, to be reduced.

EXAMPLES

Hereinafter, the effect of the film formation conditions of a zinc oxide
thin film on the preferred orientation and the lattice spacing of the zinc
oxide film will be explained.

A zinc oxide thin film was formed on a glass substrate by means of
radio-frequency magnetron sputtering, using nine film formation conditions
resulting from combinations between three film-formation pressures and
three Ar/Ozgas flow ratios in a mixed gas of argon and oxygen as a source
gas. The three film-formation pressures were 7Pa, 1Pa, and 0.5Pa. The
three Ar/O3 gas ﬂéw ratios were 10/5, 10/15, and 10/30cem (cc/min).

The following conditions are used in this example. Sintered and

pressed zinc oxide having a purity of 99.999% was used as a target. The
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substrate temperature was kept at 150°C. The distance between the
substrate and the target was fixed at 88mm. The diameter of the zinc
oxide target was 4 inches @. The applied electric power was 180W, i.e., the
radio-frequency power density was 2.2W/cm?2.

X-ray diffraction was used to estimate the preferred orientation and
the lattice spacing of the zinc oxide films prepared under the
above-mentioned nine film formation conditions. CuKal (wave length:
1.540564) was used in the X-ray diffraction measurement.

It was confirmed that all of the zinc oxide thin films had an X-ray
diffraction peak only in (002) direction. It was also confirmed that the -
(002) planes of all the zinc oxide thin films had a preferred orientation.

The X-ray enters samples and produces diffraction peaks in an angle
that meets the following Bragg’s condition,
2xdxsin@=nx4,
where d is a lattice spacing along the film thickness direction; A is a wave
length of the X-ray used in the measurement; n is a diffraction order; and 6
is a diffraction angle (rad) of the X-ray.

For thin films in which (002) planes have a preferred orientation, d
corresponds to lattice spacing doos of (002) lattice planes. For CuKal ray
used in this measurement, A=1.54056A. In this example, n=1.

Therefore, this example meets the following equation.

d =(1x1.54056) /(2 x sin 6).

This means that lattice spacing d depends on the diffraction angle 0
at which the X-ray produces diffraction peaks. The increase in lattice

spacing d resultsin a smaller diffraction angle 6.
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Since all of the zinc oxide thin films formed under the nine film
formation conditions have a preferred c-axis orientation, d obtained for the
zinc oxide thin films of this example is lattice spacing deoz. Lattice spacing
deoz is calculated from X-ray diffraction peak locations.

It has been reported that the lattice spacing constant 2dooz of
single-crystal zinc oxide along (002) direction ranges from 5.204A to 5.208A.
Considering that there are two of Zn planes or O planes in a unit lattice, the
(002) lattice planes have a lattice spacing dooz of single-crystal zinc oxide
that is in the range from 2.602A to 2.604A.

_Fig. 11 shows a change in (002) diffraction peak locations of the zinc
oxide thin films with respect to different film-formation pressures. Ar/O2
flow ratio is fixed to 10/15cem.

In Fig. 11, curves 111, 112, and 113 respectively indicate results
when the film-formation pressure is 7Pa, 1Pa; and 0:5Pa. The vertical
scale plots X-ray diffraction intensity (arb. unit) whereas the horizontal
scale plots diffraction peak location 20.

As shown in Fig. 11, the decrease in film-formation pressure from
7Pa to 0.5Pa results in a decreasing shift of X-ray peak location, which
indicates increase in lattice spacing dooz of (002) lattice planes.

Fig. 12 shows the dependency of lattice spacing doz on
film-formation pressures according to the X-ray diffraction results obtained
for different gas flow ratios.

In Fig. 12, curves 121, 122, and 128 respectively indicate the results
when the gas flow ratio Ar/Os is 10/5, 10/15, and 10/30ccm. The vertical
scale plots lattice spacing dooz whereas the horizontal scale plots

film-formation pressure during formation of the zinc oxide films.
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The lattice spacing of single crystal zinc oxide is distributed within
range A shown in Fig. 12.

As shown in Fig. 12, the lower the film-formation pressure is or the
Ar/Os flow ratio is, the larger the lattice spacing dooz becomes.

It is noted that it is possible to control the lattice spacing (i.e., lattice
constant) of the zinc oxide by changing film formation conditions.

The nine kinds of data plotted in Fig. 11 and Fig. 12 are shown in

Table 1 below. The characters A-I respectively indicate the nine zinc oxide

thin films.

PCT/JP2007/061242

Table 1 :
Ar/Os Pressure 20 ‘| dooz

A 10/5 0.5 34.02 2.63280
B 10/5 1 34.20 2.61964
C 10/5 7 34.45 2.60138
D 10/15 0.5 33.93 2.63955
E 10/15 11 84.12. .2.62583
B 10/156 7 34.42 2.60327
G 10/30 0.5 34.06 2.63009
H 10/30 1 33.97 2.63685
I 10/30 7 34.39 2.60560

Next, the relation between the heat resistance and the lattice
spacing of zinc oxide thin films will be described.

Fig. 13 shows the dependency of thé sheet resistance of zinc oxide
thin films on heat-treatment temperature.

In Fig. 13, curves 131, 132, 133, and 134 respectively indicate the
sheet resistivity of zinc oxide thin films in which the (002) lattice planes
have a lattice spacing dooz of 2.605A (thin film D), 2.619A (thin film B),
2.625A (thin film E), and 2.636A (thin film H). The sheet resistivity was
measured after a heat treatment for 2 hours in a vacuum. The vertical

scale plots sheet resistivity whereas the horizontal scale plots anneal
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temperature. Since the sheet resistivity of the zinc oxide films exhibits an
identical behavior below 200°C, curves 132, 133, and 134 overlap each other
in this range.

For a zinc oxide thin film in which the (002) lattice planes have a
lattice spacing dooz of 2.605A (thin film I, curve 131 in Fig. 13), which is
similar to the lattice spacing dooz of single crystal zinc oxide, a heat
treatment at200°C results in a reduction in resistivity by at least 3 orders of
magnitude from the high resistance (1014Q/o sheet resistance) of the .zinc
oxide thin film, in the as-deposited state (immediately after the film
formation). A heat treatment at 250°C applied to the zinc oxide thin film
having a lattice spacing dooz of 2.605A results in a reduction in resistivity by
approximately 10 orders of magnitude from the high resistance (1014Q/n
sheet resistance) of the zinc oxide thin film in the as-deposited state.

‘For the zinc oxide thin film. in whiclr the (002) lattice planes have a
lattice spacing dooz of 2.619A (thin film B, curve 132 in Fig. 13), a heat
treatment at 200°C does not significantly reduce the resistvity of the zinc
oxide thin film from the resistance of the oxide semiconductor thin film in
the as-deposited sta;:e. A heat treatment at 250°C applied to the same zinc
oxide thin film results in a reduction in the resistivity by approximately 5
orders of magnitude, which is smaller than the reduction by approximately
9 orders of magnitude found when the heat treatment at 250°C is applied to
the zinc oxide thin film having a lattice spacing dooz of 2.605A.

For the zinc oxide thin film in which (002) lattice planes have a
lattice spacing dooz of 2.625A (thin film E, curve 133 in Fig. 13), a heat
treatment at 250°C results in a reduction in resistivity by approximately 2

orders of magnitude. For the zinc oxide thin film having a lattice spacing
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dooz of 2.636A (thin film H, curve 134 in Fig. 13), the same heat treatment
results in a still smaller reduction in the resistivity by approximately 1
order of magnitude. (As described above the sheet resistivity of the zinc
oxide films E and H exhibits a behavior identical to the behavior of the sheet
resistivity of the zinc oxide film B below 200°C.)

Thus, an increase in the lattice spacing dooz re duces the temperature
at which the decrease in resistivity starts and thereby improves heat
resistance.

Considering the above results, an oxide semiconductor thin film
layer having a lattice spacing dooz of at least 2.619A that exhibits a high
heat resistance is preferably used as an oxide semiconductor thin film layer
baving a high heat resistance, in the present invention. More preferably,
an oxide semiconductor thin film layer having a lattice spacing dooz of at
least 2:625A is used.

Tt is found from the above results that the thin film transistor 200
according to the second embodiment of the present invention exhibits an
excellent TFT performance. For example, if a zinc oxide thin film having a
lattice spacing dooz of 92 625A is used as oxide semiconductor thin film layer
3 and if a heat treatment at 250°C is used in formation of first gate
insulator 4, a zine oxide thin film having a lattice spacing doos of 2.619A or
below is preferably used as contact layers 10 so as to control the resistance
of the pair of contact layers 10 to be smaller than the resistance of oxide
semiconductor thin film layer 3 by at least 2 orders of magnitude. This
difference between the resistance of contact layers 10 and the resistance of
oxide semiconductor thin film layer 3 is sufficient to provide a better contact

between the pair of source/drain electrodes 2 and oxide semiconductor thin
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film layer 3. More preferably, a zinc oxide thin film having a lattice
spacing deoz of 2.605A or below is used as contact layers 10 so as to control
the resistance of the pair of contact layers 10 to be smaller than the
resistance of oxide semiconductor thin film layer 3 by at least 8 orders of
magnitude.

Alternatively, if a zinc oxide thin film having a lattice spacing dooz of
2.619A is used as oxide semiconductor thin film layer 3 and if a heat
treatment at 250°C is used in formation of first gate insulator 4, a zinc oxide
thin film having a lattice spacing dooz of 2.605A or below is preferably used
as the pair of contact layers 10 so as to control the resistance of the pair of
contact layers 10 to be smaller, by at least 2 orders of magnitude, than the
resistance of the oxide semiconductor thin film layer 3.

Next, the TFT performance of a thin film transistor is tested to
clarify the effects of the present invention.

Thin film transistor 100 (see Fig. 1) is prepared according to the
following method (see Fig. 2).

A substrate 1 of no alkali glass mainly comprising SiO2 and Alz0O3 is
provided. A pair of source/drain electrodes 2 of indium tin oxide are formed
on the substrate 1 to be 40nm in thickness.

A zinc oxide thin film is deposited by radio-frequency magnetron
sputtering on all of the exposed surfaces of substrate 1 and the pair of
source/drain electrodes 2 to form an oxide semiconductor thin film layer 3 of
60nm thickness.

After formation of axide semiconductor thin film layer 3, first gate
insulator 4 of SiN having a 50nm thickness is formed on the entire upper

surface of oxide semiconductor thin film layer 3. Formation of first gate
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insulator 4 is performed at 250°C by means of plasma enhanced chemical
vapor deposition (PCVD) using SiHs+NHz+Na gas.

Then a photoresist is coated and patterned on first gate insulator 4.
Using the patterned photoresist as a mask, first gate insulator 4 is
dry-etched using CF4+O2 gas.

After the etching of first gate insulator 4, oxide semiconductor thin
film layer 3 is wet-etched using 0.2% HNO;3 solution to remove the
photoresist. Then second gate insulator 6 of SiNx having a 300nm
thickness is formed on all of the exposed surfaces of substrate 1,
source/drain electrodes 2, oxide semiconductor thin film layer 3, and first
gate insulator 4.

Formation of second gate insulator 6 is performed at 250°C by
means of plasma enhanced chemical vapor deposition (PCVD) using
SiHs+NHs+Nz gas.-

After formation of second gate insulator 6, contact holes are opened
in an upper part of the pair of source/drain electrodes 2.

Lastly, gate electrode 7 of Cr having a 100nm thickness is formed on
second gate insulator 6, and then external source/drain electrodes 2a are
formed, using the same material. The external source/drain electrodes 2a
are respectively connected to source/drain electrodes 2 through contact
holes 5 via contact parts 5a in the final step of forming thin film transistor
100 used in the TFT performance test.

Three sample thin film transistors were prepared by the
manufacturing process described above using respective zinc oxide thin
films having different lattice spacings. A control thin film transistor,

referred to below as thin film transistor 101, was formed using a zinc oxide
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thin film (thin film I) having a lattice spacing dooz of 2.605A as oxide
semiconductor thin film layer 3. A thin film transistor referred to below as
thin film transistor 102 was formed using a zinc oxide thin film (thin film E)
having a lattice spacing dooz of 9 625A as oxide semiconductor thin film
layer 3. And a thin film transistor referred to below as thin film transistor
108 was formed using a zinc oxide thin film (thin film G) having a lattice
spacing dooz of 2 630A as oxide semiconductor thin film layer 3.

Thin film transistor 100 and the control thin film transistor have a
top gate structure. In the top gate structure, an upper part of oxide
semiconductor thin film layer 3 is used as a channel region. The oxide
semiconductor thin film layer 3 in a top gate thin film transistor is more
directly affected by the heat produced in forming the gate insulator on the
oxide semiconductor thin film layer 3 than the oxide semiconductor thin
film layer:3 in.a bottom gate thin film transistor. - - Use of the tep-gate thin
film transistor enables results to be obtained that more precisely reflect the
effects of the heat applied to the oxide semiconductor thin film layer.

The TFT performance of each of the thin film transistors 101, 102,
and 103 formed by the above-described process were tested as described
below. Fig. 14 shows a change in the drain current of thin film transistor
101, 102, and 103 according to various gate voltages applied to thin film
transistor 101, 102, and 103. In Fig. 14, the vertical scale plots the
magnitude of drain current Id whereas the horizontal scale plots the
magnitude of the applied gate voltage Vg. A constant drain voltage Vd is
used in this test.

As shown in Fig. 14, thin film transistor 101 including an oxide

semiconductor thin film layer having a lattice spacing. doos of 2.605A allows
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a constant drain current to remain unaffected by the change in the gate
voltage. This means that thin film transistor 101 operates in a so-called
normally-on mode or a depletion mode. In other words, thin film transistor
101 does not function as a thin film transistor.

The oxide semiconductor thin film layer of thin film transistor 101
has a similar lattice spacing dooz to the lattice spacing dgoz of single crystal
zinc oxide and exhibits an insufficient heat resistance, as shown by curve
1311in Fig. 13. The heat history during formation of gate insulator 4
causes desorption of zinc and oxygen from the channel region located
around the surface of oxide semiconductor thin film layer 8. The
desorption forms defects in the oxide semiconductor thin film layer, which
reduces the resistance of the oxide semiconductor thin film layer. Thus
thin film transistor 101 loses its functions as a TFT.

The drain current of TFT 103 having « lattice spacing Agoz-of 2.630A
rises at a gate voltage of 2V. This means that TFT 103 has sufficient
functions as a TFT. ‘

The drain current of TFT 102 having a lattice spacing dooz of 2.625A
exhibits a higher rise characteristic than TFT 103. In addition, the drain
current value of TFT 102 at a gate voltage 10V is improved by at least 1
order of magnitude, as compared to TFT 103.

As described above, an increase in the lattice spacing dooz results in
an increase in the heat resistance. The increased heat resistance
suppresses defects in the oxide semiconductor thin film layer to improve the
TET performance. The better TFT performance of TFT 102 than the TFT
performance of TFT 103 of a greater lattice spacing dooz could be due to the

more advanced crystallization in thin film E (lattice spacing dooz=2.6254) of
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TFT 102 than the crystallization in thin film G (lattice spacing do0z=2.630A)
of TFT 108, referring to the comparison between the X-ray diffraction
intensities of the curve 113 (thin film D: do02=2.639A) and the curve 112
(thin film E: doos=2.625A). Though not shown in the drawings, a test
comparing the X-ray diffraction intensities of thin film E and thin film G
was carried out and the test revealed a more advanced crystallization in
thin film G.

In this example, the TFT perfornﬁance of top gate thin film
transistors has been tested. This is because the top gate thin film
transistors are more sensitive to the heat history than bottom gate thin film
transistors. However, the heat history during formation of a protective
insulator on the oxide semiconductor thin film layer also causes defects in a

bottom gate thin film transistor so as to particularly affect the back channel.

The effects-on the back channel change the TFT performance. Therefore;

the high resistance oxide semiconductor thin film layer according to the
present invention may also be useful in bottom gate thin film transistors.

The semiconductor element included in the present invention is not
limited to a thin film transistor but may be other kinds of semiconductor
olement. The present invention may be useful not only in a thin film
transistor but also in other semiconductor devices. The present invention
is particularly useful in a structure where an oxide semiconductor thin film
layer is affected by the heat history during formation of an insulator on the
oxide semiconductor thin film layer.

Lastly, thin film transistors including an ion-doped oxide

semiconductor thin film layer as described in the third to sixth
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embodiments were tested. Fig. 15 is a graph showing the heat resistance
of ion-doped zinc oxide thin films.

In Fig. 15, curves 151 and 152 respectively indicate the heat
resistance of a zinc oxide thin film (thin film I) having a lattice spacing dooz
of 2.605A and of a zinc oxide thin film (thin film H) having a lattice spacing
dooz of 2.636A, both of which were doped with gallium (Ga) ions. The thin
films were heat-treated for 2 hours in a vacuum. After the sample
temperature fell below 200°C, the thin films were subjected to the
atmosphere.  Fig. 15 shows the sheet resistivity of the thin films
measured after the subjection to the atmosphere. The vertical scale plots
sheet resistivity whereas the horizontal scale plots anneal temperature.

In the doping of gallium, 1x1015/cm? accelerated gallium ions with
80 keV energy were doped without heating.

The resistance of the zinc oxide-thin film having a lattice spacig
dooz of 2.605A, which is similar to the lattice spacing dooz of zinc oxide single
crystal, decreases right after the ion doping (see curve 151 in Fig. 15).

The resistance of the zinc oxide thin film having a lattice spacing
dooz of 2.636A does not significantly decrease after the ion-doping.

However, a heat treatment after the ion-doping reduces the
resistance of the zinc oxide thin film having a lattice spacing dooz of 2.636A
(see curve 152 in Fig. 15). As described by curve 134 in Fig. 13, the non
ion-doped zinc oxide thin film maintains a high resistance until around
950°C. The heat treatment causes a difference between the resistance of
the ion-doped zinc oxide thin film and the resistance of the non ion-doped
zinc oxide thin film. Specifically, a heat treatment at around 200 to 250°C

allows the resistance of the ion-doped zinc oxide to be maintained at a high
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level (as indicated by curve 134 in Fig. 13) while reducing the resistance of
the non ion-doped zinc oxide to a sufficiently lower level than the resistance
of the ion-doped zinc oxide (as indicated by curve 152 in Fig. 15).

If a thin film transistor is formed to include an oxide semiconductor
thin film layer having a large lattice spacing doog, it is not sufficient to dope
jons in order to reduce the resistance of the oxide semiconductor thin film
layer such that a pair of source/drain regions are appropriately formed. An
activation treatment (e.g., heat treatement) is further used to reduce the
resistance of only the ion-doped area such that a pair of source/drain regions
are appropriately formed. In addition, the non ion-doped area G.e.,
channel area) maintains a high resistance through the activation treatment
such that a thin film transistor with a high current driving capability is
provided.

At a lattice-spacing duoz of 2.605A, & heat treatment-at-200°C-or -
above results in a decrease in the resistance of both the ion-doped zinc oxide
(see curve 151 in Fig. 15) and the non ion-doped zinc oxide (see curve 131 in
Fig. 13). As a result, it is not possible to maintain a high resistance of the
channel region so as to form a thin film transistor with a high current
driving capability at a lattice spacing dooz of 2.605A.

The rate of decrease in the resistance caused by the heat treatment
after the ion-doping depends on the amount of doped ions, the type of doped
ions, or the heat treatment.

As described above, the semiconductor device including a
semiconductor thin film layer of zinc oxide according to the present
invention exhibits an excellent performance and is suitably used as a

driving element in, for example, a liquid crystal display device and the like.
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CLAIMS
L A semiconductor device comprising:
a substrate (1); and
a semiconductor element including an oxide semiconductor thin film
layer (3) of zinc oxide, which is formed on the substrate, and at least a
portion of which includes (002) lattice planes having a preferred orientation 7
along a direction perpendicular to the substrate and a lattice spacing dooz of

at least 2.619A.

2. - The semiconductor device according to claim 1, wherein the
entire oxide semiconductor thin film layer (8) includes (002) lattice planes
having a preferred orientation along a direction perpendicular to the

substrate (1) and a lattice spacing dooz of at least 2.619A.

3. The semiconductor device according to claim 1, wherein a
portion of the oxide semiconductor thin film layer (8) which is in contact
with the substrate (1) includes (002) lattice planes having a preferred
orientation along a direction perpendicular to the substrate and a lattice

spacing dooz of at least 2.619A.

4. The semiconductor device according to claim 1, wherein the
lattice spacing dooz of the (002) lattice planes of the oxide semiconductor

thin film layer (3) is at least 2.625A.
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5. The semiconductor device according to claim 1, further
comprising an insulating film (4, 6, 9, 11, 12) formed on the oxide

semiconductor thin film layer (3).

6. The semiconductor device according to claim 1, wherein the

semiconductor element comprises a thin film transistor.

7. A semiconductor device comprising:
a substrate (1);

. an oxide semiconductor thin film layer (8) of zinc oxide, which is
formed on the substrate, and at least a portion of which includes (002)
lattice planes having a preferred orientation along a direction perpendicular
to the substrate and a lattice spacing dooz of at least 2.619A; and

contact layers (10) of zinc oxide, which areformed in-cortact with
the oxide semiconductor thin film layer, and at least a portion of each of
which includes (002) lattice planes having a preferred orientation along the
direction perpendicular to the substrate and a lattice spacing dooz that is
smaller than the lattice spacing dooz of the (002) lattice planes of the oxide

semiconductor thin film layer.

8. The semiconductor device according to claim 7, wherein the
entire oxide semiconductor thin film layer (3) and the entire contact layers
(10) include (002) lattice planes having a preferred orientation along a
direction perpendicular to the substrate and a lattice spacing dooz of at least

2.619A.
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9. The semiconductor device according to claim 7, wherein a
portion of the oxide semiconductor thin film layer (8) which is in contact
with the substrate (1) and a portion of the contact layers (10) which is in
contact with the substrate include (002) lattice planes having a preferred
orientation along a direction perpendicular to the substrate and a lattice

spacing dooz of at least 2.619A.

10. The semiconductor device according to claim 7, wherein the
lattice spacing dooz of the (002) lattice planes of the contact layers (10) is not
more than 2.605A.

11. The semiconductor device according to claim 7, wherein the
lattice spacing dooz of the (002) Iattice planes of the oxide semiconductor
thin film:layer £3) is at least 2.625A, and the latticespacing-dooz’of the £002)

lattice planes of the contact layers (10) is not more than 2.619A.

12. The semiconductor device according to claim 11, wherein the

lattice spacing dooz of the (002) lattice planes of the contact layers (10) is not

more than 2.605A.
13. The semiconductor device according to claim 7, further
comprising:

a pair of source/drain electrodes (2) electrically coupled to the oxide
semiconductor thin film layer (3) via the contact layers (10);
a gate insulator (4, 6); and

a gate electrode (7) formed on the gate insulator;
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wherein the oxide semiconductor thin film layer, the contact layers,
the pair of the source/drain electrodes, the gate insulator, and the gate

electrode constitute a thin film transistor.

14. A semiconductor device comprising:

a substrate (1); and

an oxide semiconductor thin film layer (3) of zinc oxide which is
formed on the substrate, and at least a portion of which includes (002)

lattice planes having a preferred orientation along a direction perpendicular

1o the substrate and a lattice spacing dooz of at least 2.6194;

wherein the oxide semiconductor thin film layer includes a first
region (31) of intrinsic zine oxide and second regions (32) of zinc oxide doped
with jons acting as donors to zinc oxide, and

wherein the second regions:have a lower resistance than a

resistance of the first regions.

15. The semiconductor device according to claim 14, wherein the
entire oxide semiconductor thin film layer (8) includes (002) lattice planes
having a preferred orientation along a direction perpendicular to the

substrate (1) and a lattice spacing dooz of at least 2.619A.

16. The semiconductor device according to claim 14, wherein a
portion of the oxide semiconductor thin film layer (3) which is in contact
with the substrate (1) includes (002) lattice planes having a preferred
orientation along a direction perpendicular to the substrate and a lattice

spacing deoz of at least 2.619A.
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17. The semiconductor device according to claim 14, wherein the
lattice spacing dooz of the (002) lattice planes of the oxide semiconductor
thin film layer (3) is at least 2.625A.

18. The semiconductor device according to claim 14, further
comprising-

a pair of source/drain electrodes (2) electrically coupled to the second
regions (32) of the oxide semiconductor thin film layer (3);

a gate insulator (4, 6); and

a gate electrode (7) formed on the gate insulator to lie over the first
region (31) of the oxide semiconductor thin film layer via the gate insulator;

| wherein the oxide semiconductor thin film layer, the pair of the

source/drain electrodes; the gate insulator and the gate electrode comstitute

a thin film transistor.

19. The semiconductor device according to claim 14, wherein the

jons acting as donors to zinc oxide are obtained by ionizing at least one

group III element.
20. A manufacturing method of a semiconductor device
comprising:

providing a substrate (1); and
depositing an oxide semiconductor thin film layer (3) of zinc oxide on
the substrate, such that at least a portion of the oxide semiconductor thin

film layer in an as-deposited state includes (002) lattice planes having a
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preferred orientation along a direction perpendicular to the substrate and a

lattice spacing dooz of at least 2.619A.

21. The manufacturing method of a semiconductor device
according to claim 20, wherein the entire oxide semiconductor thin film
layer (3) in the as-deposited state includes (002) lattice planes having a
preferred orientation along a direction perpendicular to the substrate (1)

and a lattice spacing dooz of at least 2.619A.

22. The manufacturing method of a semiconductor device
according to claim 20, wherein a portion of the oxide semiconductor thin
film layer (3) in the as-deposited state which is in contact with the substrate
(1) includes (002) lattice planes having a preferred orientation along a
direction perpendicular to the substrate and a lattice spaeing-dooz of at least’

2.619A.

23. The manufacturing method of a semiconductor device
according to claim 20, wherein the lattice spacing dooz of the (002) lattice
planes of the oxide semiconductor thin film layer (3) in the as-deposited

state is at least 2.625A.

24. A manufacturing method of a semiconductor device
comprising:

providing a substrate (1);

depositing an oxide semiconductor thin film layer (3) of zinc oxide,

such that at least a portion of the oxide semiconductor thin film layer in an
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as-deposited state includes (002) lattice planes having a preferred
orientation along a direction perpendicular to the substrate and a lattice
spacing dooz of at least 2.6194; and

depositing contact layers (10) to be in contact with the oxide
semiconductor thin film layer, such that at least a portion of each of the
contact layers in an as-deposited state includes (002) lattice planes having a
preferred orientation along a direction perpendicular to the substrate and a
lattice spacing doos that is smaller than the latﬁce spacing dooz of the (002)

planes of the oxide semiconductor thin film layer.

25. The manufacturing method of a semiconductor device
according to claim 24, wherein the entire oxide semiconductor thin film
layer (3) and the entire contact layers (10), which are both in the
as-deposited state,-include (002) lattice planes having a-prefeérred:--
orientation along a direction perpendicular to the substrate (1) and a lattice
spacing dgoz of at least 2.619A.

26. The manufacturing method of a semiconductor device
according to claim 24, wherein a portion of the oxide semiconductor thin
film layer (3) in the as-deposited state which is in contact with the substrate
(1) and a portion of the contact layers (10) in the as-deposited state which is
in contact with the substrate include (002) lattice planes having a preferred
orientation along a direction perpendicular to the substrate and a Iattice

spacing dgoz of at least 2.619A.
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27. The manufacturing method of a semiconductor device
according to claim 24, wherein the lattice spacing dooz of the (002) lattice
planes of the contact layers (10) in the as-deposited state is not more than

2.605A.

28. The manufacturing method of a semiconductor device
according to claim 24, wherein the lattice spacing dooz of the (002) lattice
planes of the oxide semiconductor thin film layer (3) in the as-deposited
state is at least 2.625A, and the lattice spacing dooz of the (002) lattice
planes of the contact layers (10) in the as-deposited state is not more than

2.619A.

29. The manufacturing method of a semiconductor device
according to-claim: 28, 'wherein the lattice spacisrg-dopsof the (002) lattice
planes of the contact layers (10) in the as-deposited state is not more than

2.605A.

30. A manufacturing method of a semiconductor device
comprising:
providing a substrate (1);

depositing, on the substrate, an oxide semiconductor thin film layer
(8) of zinc oxide, such that at least a portion of the oxide semiconductor thin
film layer in an as-deposited state includes (002) lattice planes having a
preferred orientation along a direction perpendicular to the substrate and a

lattice spacing of at least 2.6194;
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doping a plurality of regions of the oxide semiconductor thin film
layer with ions that act as donors to zinc oxide to form second regions which
are doped with the ions, such that a first region (31) of the oxide
semiconductor thin film layer is defined as a region other than the second
regions (32); and

subjecting the second regions to an activation treatment.

31. The manufacturing method of a semiconductor device
according to claim 30, wherein the entire oxide semiconductor thin film
layer (3) in the as-deposited state includes (002) lattice planes having a
preferred orientation along the direction perpendicular to the substrate (n

and a lattice spacing dooz of at least 2.619A.

39. The manufacturing method of a-semiconductor device
according to claim 30, wherein a portion of the oxide semiconductor thin
film layer (3) in the as-deposited state which is in contact with the substrate
(1) includes (002) lattice planes having a preferred orientation along the
direction perpendicular to the substrate and a lattice spacing dooz of at least

2.619A.

33. The manufacturing method of a semiconductor device
according to claim 30, wherein the activation treatment includes a heat

treatment.

34. The manufacturing method of a semiconductor device

according to claim 30, wherein the lattice spacing dooz of the (002) lattice
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planes of the oxide semiconductor thin film layer (3) in the as-deposited
state is at least 2.625A.

3b. The manufacturing method of a semiconductor device
according to claim 30, further comprising:

forming source/drain electrodes (2) coupled to the oxide
semiconductor thin film layer (8);

forming a gate insulator (4, 6); and

forming a gate electrode on the gate insulator (7);

. wherein the oxide semiconductor thin film layer, the source/drain

electrodes, the gate insulator and the gate electrode function as a thin film
transistor in which the first region (31) of the oxide semiconductor thin film

layer functions as a channel.

36. The manufacturing method of a semiconductor device
according to claim 35, further comprising uncovering the second regions of
the oxide semiconductor thin film layer by removing the gate insulator (4, 6)
from the second regions (32) of the oxide semiconductor thin film layer 3

using the gate electrode (7) as a mask.

37. The manufacturing method of a semiconductor device
according to claim 36, wherein the doping of the oxide semiconductor thin
film layer (8) with the ions that act as donors to zinc oxide to form the
second regions (32) is performed after the uncovering of the second regions

of the oxide semiconductor thin film layer.



WO 2007/142167 65 PCT/IP2007/061242

38. The manufacturing method of a semiconductor device
according to claim 36, wherein the activation treatment is performed by

forming an insulating film (4, 9, 11) on the uncovered second regions (32).

39. The manufacturing method of a semiconductor device
according to claim 30, wherein the doping of at least a part of the second
regions (32) of the oxide semiconductor thin film layer (3) is performed using

ions obtained by ionizing at least one group III element.
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This international search report consists of a total of 4 sheets.

[T 1tis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of?

¥ the international application in the language in which it was filed.

[~ atranslation of the international application into which is the language of

a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b}).
b. [~ This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. {7 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. .

2. [T Certain claims were found unsearchable (see Box No. II).

3. [V Unity of invention is lacking (see Box No. III).
4. With regard to the title,

[¢  the text is approved as submitted by the applicant.
[T the text has been established by this Authority to read as follows:

5. With regard to the abstract,
[V  the text is approved as submitted by the applicant.

[~ the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
™ as suggested by the applicant,

¥ as selected by this Authority, because the applicant failed to suggest a figure.
™ as selected by this Authority, because this figure better characterizes the invention.

b. [~ none of the figures is to be published with the abstract.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I. T Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. [T Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. T Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Claim 1 lacks novelty over D1, and involves no special technical features.
Thus, as for the international application, the unity of invention is lacking.

D1: WO 2007/089048 A2 (KOCHI INDUSTORIAL PROMOTION CENTER) 2007.08.09, page 2 line
6 - page 12 line 19, page 15 line 21 - page 19 line 9, Fig.1l, Fig.2 & JP 2008-535205
A & US 2007/0187760 Al & KR 10-2007-0122517 A & CN 101326644 A

1. |7  As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. ¥ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [T As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [T No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [~ The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
I~ The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[T No protest accompanied the payment of additional search fees.
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15 cited to establish the publication date of another citation or other P
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INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43 bis.1)
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Applicant’s or agent’s file reference FOR FURTHER ACTION
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Applicant
SEMICONDUCTOR ENERGY LABORATORY CO.,LTD.

1. This opinion contains indications relating to the following items:

¥  BoxNo.l Basis of the opinion

T BoxNo.ll Priority

[ BoxNo.Ill  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

W  BoxNo.IV  Lack of unity of invention

[¥ BoxNo.V Reasoned statement under Rule 43 bis.1{(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

[T BoxNo. VI  Certain documents cited

[T BoxNo. VIl Certain defects in the interational application

[T BoxNo. VIII Certain observations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA™) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.
If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220,
3. For further details, see notes to Form PCT/ISA/220.

Date of completion of this opinion 02.02.2011

Name and mailing address of the ISA/JP Authorized officer AiMI9056
Japan Patent Office MITSUO KAWAMOTO

3-4-3, Kasumigasekd, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3462
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/JP2010/073886

Box No. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
[¥  the international application in the language in which it was filed,
[T atranslation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. [T This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43 bis.1(b)).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing filed or furnished:

a, (means)
™ onpaper
r in electronic form
b. (time)
[~ in the international application as filed
I together with the international application in electronic form

r subsequently to this Authority for the purposes of search

4. |~ In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Fotm PCT/ISA/237 (Box No. 1) (July 2009)




WRITTEN OPINION OF THE International application No,
INTERNATIONAL SEARCHING AUTHORITY PCT/JP2010 / 073886

BoxNo.IV  Lack of unity of invention

1. I In response to the invitation (Form PCT/ISA/206) to pay additional fees the applicant has, within the applicable time limit:
I paid additional fees.
™  paid additional fees under protest and, where applicable, the protest fee.
[T paid additional fecs under protest but the applicable protest fee was not paid.

[T not paid additional fees.

2. ¥ This Authority found that the requirement of unity of invention is not complied with and chose not to invite the applicant to
pay additional fees.

3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is
I~ complied with,

i not complied with for the following reasons:

Claim 1 lacks novelty over D1, and inveolves no special technical
features.

Thus, as for the international application, the unity of invention
is lacking.

D1:WO 2007/089048 A2 (KOCHI INDUSTORIAL PROMOTION CENTER) 2007.08.09,
prage 9 line 6 - page 12 line 19, page 15 line 21 - page 19 line 9,
Fig.l, Fig.2 & JP 2008-535205 A & US 2007/0187760 Al & KR
10-2007-0122517 A & CN 101326644 A

4. Consequently, this opinion has been established in respect of the following parts of the iniernational application:

I allparts.

[T the parts relating to claims Nos.

Form PCT/ASA/237 (Box No. IV) (July 2009)




WRITTEN OPINION OF THE Internationa) application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/JP2010/073886

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

I.  Statement
Novelty (N) Claims 2-4,6,10,11,13-21,23 YES
Claims 1,5,7-9,12,22 NO
Inventive step (IS) Claims 3,4,6,11,13-21,23 YES
Claims 1,2,5,7-10,12,22 NO
Industrial applicability (IA) Claims 1-23 YES
Claims NO

2. Citations and explanations:

D1: WO 2007/089048 AZ (KOCHI INDUSTORIAL PROMOTION CENTER) 2007.08.09, page
9 line 6 - page 12 line 19, page 15 line 21 - page 19 line 9, Fig.l,
Fig.2 & JP 2008-535205 A & US 2007/0187760 Al & KR 10~-2007-0122517 A
& CN 101326644 A

D2:WO 2007/058329 A1l (SEMICONDUCTOR ENERGY LABORATORY CO., LTD.) 2007.05.
24,1 00471 <[ 0054]) , [ 0082] -{ 0099] , FIG.1B, FIG.5, FIG.6 & JP 2007-165861
A & US 2007/0108446 Al & KR 10-2008-0070811 A & CN 101283444 A

D3: WO 2007/142167 A1l (KOCHI INDUSTORIAL PROMOTION CENTER) 2007.12.13, page
17 line 7 - page 24 line 22, FIG.3, FIG.4 & JP 2009-528670 A & US 2007
/0278490 Al & EP 2025004 Al & KR 10-2008-0066678 A & CN 101356652 A

Claims 1,5,7,9,12,22
The subject matter of claims 1,5,7,9,12,22 does not meet the requirement
of novelty and does not appear to involve an inventive step in view of the
D1 cited in the ISR,

Claims 7,8,12,22

The subject matter of claims 7,8,12,22 does not meet the requirement of
novelty and does not appear to involve an inventive step in view of the
D2 cited in the ISR.

Claims 2,10

The subject matter of claim 2,10 does not appear to involve an inventive
step in view of the D1,D2 cited in the ISR.

The technical feature [ The conductive layer has a tapered shape] is
widely known among the skilled person in the art.

Claims 3,4,6,11,13-21,23

The subject matter of claims 3,4,6,11,13-21,23 s novel and is considered
to involve an inventive step, since it is not disclosed in any of the prior
art documents cited in the international search report.

Form PCT/ISA/237 (Box No. V) (July 2009)
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