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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVHSSIONER FOR PATENTS

PO. Box 1450
Alexandria1 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, PC.
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 GODO, 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 SelectUSAgov.

IR103 (Rev. 10/09)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or flag; (571)-273-2885

WWW—M

INSTRUCTIONS: This form should be. used .for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres ondence address asin icpted unltEss coirriected below or directed otherWise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formain enance or: no 1 ications.

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi 'icate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change ofaddress) papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmisston.

Certificate of Mailing or Transmission31780 7590 03/20/2013 - - - - . . - . ~
, , l hereb certify that this Fee s Transmittal is bein de os1ted With the UnitedROblnSOD Intellectual Property Law Office, RC. States ostal Service with su(f icient postage for firét clgss mail in an envelope

3975 Fair Rid 6 Drive addressed to the Mail Sto ISSUE FEE address above, or being facsimile
. g transmitted to the USPTO ( 71) 273-2885, on the date indicated below.Smite 20 North

Fairfax, VA 22033 (”Wm “ml(Signature) 
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION N01

13/008,285 01/18/2011 INVOOlShunpei 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
$0

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

———
RAO, SHRINIVAS H 2814 257847000
  

   
 

 
 
 
 

  

2. For printing on the patent front page, list _ _

(l) the names of up to 3 registered patent attorneys ErIC ‘J ROblnSOH,
or agents OR, alternatively, ROblnSOn Intellectual
(2) the name of a single firm (having as a member a .
registered attorney or agent) and the names of up to Property Law Office, PC.
2 registered patent attorneys or agents. II no name is
listed, no name will be printed.

1. Change of correspondence address or indication of "Fee Address" (37CFR 1.363).

[3 Chan e of correspondence address (or Change of CorrespondenceAddress orm PTO/SB/ 122) attached.

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

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

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) : D Individual 12 Corporation or other private group entity El Government

 
4:1 The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

Issue Fee :1 A check is enclosed.

Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies 3 EThe Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment. to Deposit Account Number 5 0 - 22 8 0 (enclose an extra copy of this form).

Page 2 0f 4
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5. Change in Entity Status (from status indicated above)

 
3 Applicant certifying micro entity status. See 37 CFR 1.29 N015 Absent a valid certification of Micro Entity Status (see form PTO/SB/lSA and 15B , issue

fee payment in the micro entity amount will not be accepted at the risk of application aban onment.

:1 Applicant asserting small entity status. See 37 CFR 127 NOTE: If the application was previously under micro entity status, checking this box will be takento be a notification of loss of entitlement to micro entity status.

:1 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 ininterest as shown b the records of the United States atent and Trademark Office.

% J u ne 20, 201 3Authorized Signature Date
Sean C. Flood 64,378

Typed or printed name Registration No.

  

 

 

W

This collection of information is required by 37 CFR 1.311. The information is recipired 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. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will ma; depending upon the individual case. Any comments on the amount of time you require to completethis form and/or su gestions for reducing this burden, should be sent to e C ief In ormation Officer, U.S. Patent and Trademark Office, US. Department of Commerce, .0.
Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act oi" 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control 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

Attorney Docket Number: 0756-9138

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

Description Fee Code Quantity USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-lnterference:

Post-Al|owance-and-Post-lssuance:

Utility Appl Issue Fee 1501 1780 1780

I 300 300Publ. Fee- Early, Voluntary, or Normal 1504

 



Sub-Total in

USD($)

Extension-of—Time:

Miscellaneous:

Description Fee Code Quantity

Total in USD (5) 



Electronic Acknowledgement Receipt

16094930

13008285

8496

Application Number:

International Application Number:

Confirmation Number:

Title of Invention:

First Named Inventor/Applicant Name:

Customer Number:

Filer Authorized By:

Attorney Docket Number:

Receipt Date:

Filing Date:

Time Stamp:

Application Type:

Payment information:

Submitted with Payment

Payment Type

Payment was successfully received in RAM

RAM confirmation Number

Deposit Account

Authorized User

FHeLBfing:

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

Electronlc Funds Transfer

$2089

1246

 
 



311853

Issue Fee Payment (PTO-85B) ae774d317090798e8351ce95214d8998a0f
e3235

Fee Worksheet (SBO6) fee-info.pdf ee49d67357193b3512f68e26fe035793ec5
a04c

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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

lfa 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

lfa 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

lfa 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 ofthe 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 ~ GAL): 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/OSA (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 reuired to res-end to a collection of information unless it contains a valid OMB control number.

Substitute for form l449A/PTO ~ Complete ifKnown

INFORMATION DISCLOSURE Application Number 13/008,285
Filing Date . January 18, 2011

STATEMENT BY APPLICANT First Named Inventor Shunpei YAMAZAKI et 8'.use as man sheets as necessa
( y 0,) Group Art Unit 281 1

 

 

 

Examiner Name L. A. Gurley 
Attorney Docket Number 0756—91 38

US, Patent Document 
 

‘ Date ofPublication ofCited Pages, Columns, Lines, Where
Examiner . 2 Name ufPatentee or Appficam ofCitcd Document Relevant Passages or Relevant

Kind Code Document MM-DD-YYYY Figures Appear(Ifknawn)

2011/0193080 Yamazakl et al. 08/11/2011

2011/0210326 [ Suzawa et al. 09/01/2011
 

 

 
 

 
 

 

 

 

  
 

 
  

 
 

 

F

. Pages, ColumnsI
Foreign Patent Document Date of Publication ofCitEd Lines, WhereKind Code Name of Patentee or Document Relevant Passages or

(If/mourn) Applicant ofClted Document MNIDDVYYYY Relevant Figures

Examiner
Initials'

 
 
 

 

  
Examiner / 5 - - / Date 05/09/2013A .irmivas Rae, ’

*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 CONSiBERED EXCEPT WHERE LiNEi} THROUGH. /S.Fi./



Please type a plus sign (+) inside this box —-> [+] , PTO/SB/OSA (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 reuired to res-0nd to a collection of information unless it contains a valid OMB condo] number.

Substitute for form l449A/PTO ~ Complete ifKnown

INFORMATION DISCLOSURE Application Number 13/008,285
Filing Date . January 18, 2011

STATEMENT BY APPLICANT First Named Inventor Shunpei YAMAZAKI et 8'.use as man rlwets as necessa
( y 0,) Group Art Unit 281 1

 

 

 

Examiner Name L A. Gurley
Attorney Docket Number 0756—91 38

 
US, Patent Document 
 

‘ Date ofPublication ofCited Pages, Columns, Lines, Where
Enamrner , 2 Name ufPatentee or Applicant of Cited Document RGIEVEM Passages 01' Relevant

Kind Code Document MM-DD-YYYY Figures Appear(Ifknawn)

2011/0193080 Yamazaki at a]. 08/11/2011

2011/0210326 i Suzawa et al. 09/01/2011
 

 

 
 

 
 

 

 

 

  
 

 

  

 
 

 

FOREIGN PATENT DOCUMENTS

. Pages, Columns,
Foreign Patent Document Date of Publication ofCited Lines, WhereKind Code Name of Patentee or Document Relevant Passages or

Number“ (If/mourn) Applicant nfClted Document MNIDDVYYYY Relevant Figures

Examiner Date
Si gnature 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.

Examiner
Initials'

 
Appear

 
 

 

  



Electronic Acknowledgement Receipt

15432136

Application Number: 13008285

International Application Number:

Confirmation Number:

Title of Invention: SEMICONDUCTOR DEVICE HAVING AN OXIDE SEMICONDUCTOR LAYER

First Named Inventor/Applicant Name: Shunpei YAMAZAKI

Customer Number: 31780

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 USC111(a)

 
Payment information:

Submitted with Payment

File Listing:

Document Document Descri tion File Size(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (if appl.)

475270
RESU BMISSIONOFIDS_O4APR20

13.pdf 328d50b3l 8e2d55f84d66c8033f99ba97d2
a1e57

 



Multipart Description/PDF files in .zip description

Document Description “
Miscellaneous Incoming Letter

Information Disclosure Statement (IDS) Form (SBOS)

Information:

Total Files Size (in bytes) 475270

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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

lfa 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

lfa 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

lfa 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 ofthe 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 etal. ) 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

PO. 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 p_a_rti_ally 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 Raol” 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 (8808)), 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

filid 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,

2W
Eric J. Robinson

Reg. No. 38,285

Robinson Intellectual Property Law Office, RC.

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 YAMAZAKI 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 for Patents
PO. Box 1450

Alexandria, VA 22313—1450

Dear Sir:

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

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

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

application. 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.

The Commissioner is hereby authorized to charge fees under 37 C.F.R. §§ 1.16,

1.17, 1.20(a), 1.20(b), 120(0), 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, PC.

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

PO. Box 1450
Alexandria1 Virginia 22313-1450
www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

 
   

31780 7590 03/20/2013

Robinson Intellectual Property Law Office, PC. RAO, SHRINIVAS H
3975 Fair Ridge Drive
suitezoNonh

Fairfax, VA 22033 2814

DATE MAILED: 03/20/2013

13/008,285 01/18/2011 INVOOlShunpei 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

$0nonprovisional UNDISCOUNTED $ 1780 $300 $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
PTOL—85 (Rev. 02/11)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or m (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
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change ofaddFESS) apers. Each additional paper, such as an assignment or formal drawing, must
gave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
31_780 7590 03/20/2013 _ I hereby certify that this Fee(s) Transmittal is being deposited with the United

RODII’ISOI’I Intellectual Property Law Office, PC: States Postal Service with sufficient postage for first class mail in an envelope
3975 F - R-d D - addressed to the Mail Stop ISSUE FEE address above, or being facsimile

. a1r 1 g6 I‘lVe transmitted to the USPTO (571) 273—2885, on the date indicated below.
Su1te 20 North

Fairfax VA 22033 (Dwi‘m‘nm)
(Signature)

(Date) 
 
   APPLICATION NO. FILING DATE F {ST 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

$0nonprovisional UNDISCOUNTED $ 1780 $3 00 $2080 06/20/2013

RAO, SHRINIVAS H 2814 257—347000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

3 Chan e of correspondence address (or Change of Correspondence
Address orm PTO/SB/ 122) attached.

3 "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03—02 or more recent) attached. Use of a Customer
Vumber is required.

2. For printing on the patent front page, list  
(1) the names of up to 3 registered patent attorneys
or agents OR, alternatively,

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

 

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : '3 Individual '3 Corporation or other private group entity '3 Government

  
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order — # of Copies 3 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)

3 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.

3 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. 

3 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 information1s required by 37 CFR 1. 311. The information1s re uired to obtain or retain a benefit by the public which1s to file (and by the USPTO to process)
an application. Confidentiality1s governedby 35 U.S.C. 122 and 37 CFR 1. 14.Tl1is collection1s estimated to take 12 minutes to complete including gathering, prepar1ng, and
submitting the completed application form to the USPTO. Time will v eendin 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 eC ief In ormation Officer U.S. Patent and Trademark Office U.S. Department of Commerce P.O.
Box 1450 Alexandgria, Virg1nia 22313— 1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents P.O. Box 14,50
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Robinson Intellectual Property Law Office, PC. RAO, SHRINIVAS H
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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 (PL. 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: (l) 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 US. 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 US. 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.
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-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX This communication is responsive to 08/12/2012.

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

; the restriction

3. IX 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
htt*:i’/\Nww.us to. ov/ atents/init events/ h/indexis or send an inquiry to PPeredbackf‘lwusgtogov .

4. IXI Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )-(d) or (f).

a) IX All b) [I Some* c) [I None of the:

1. X Certified copies of the priority documents have been received.

2. I] Certified copies of the priority documents have been received in Application No.

3. I] 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( )).

* 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. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

El including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mai| 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. I] 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.
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1. I] Notice of References Cited (PTO-892) 5. El Examiner‘s Amendment/Comment

2. I] Information Disclosure Statements (PTO/SB/08), 6. [XI Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. El Examiner‘s Comment Regarding Requirement for Deposit 7. El Other
of Biological Material

4. I] Interview Summary (PTO-413),
Paper No./Mai| Date
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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 201 1/0210326 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—1 714. 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.2 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

PO. 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.



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

Amendments to the SQecification:

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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Attorney Docket No. 0756—9138

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 of the

Official Action and therefore is believed to be timely without extension of time.

Accordingly, the Applicant respectfully submits that this response is being timely filed.

The Applicant notes with appreciation the consideration of the Information

Disclosure Statements filed on 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 US. Publication No. 2007/0187760 to Furuta and US. Publication No.

2011/0210326 to Suzawa. The Applicant respectfully disagrees and traverses the

rejection. In this regard, it is noted that Suzawa is mt prior art to the present

application. Specifically, because Suzawa’s filing date of Februam 17I 2011, is Iati

than the current application’s filing date of Januagy 18I 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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Attorney Docket No. 0756—9138

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(C), and 1.20(d) (except the Issue Fee) which may be

required now or hereafter, or credit any overpayment to Deposit Account No. 50-2280.

Respectfully submitted,

Eric J. Robinson

Reg. No. 38,285

Robinson Intellectual Property Law Office, PC.

3975 Fair Ridge Drive,
Suite 20 North

Fairfax, Virginia 22033

(571) 434—6789
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-- The MAILING DA TE 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,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR1. 136(a). In no event however may a reply be timely filed
after SIX () MONTHS from the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)|Zl Responsive to communication(s) filed on 18 January 2011.

2a)|:l This action is FINAL. 2b)IXI This action is non-final.

3)I:I 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.

4)|:l Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Exparte Quay/e, 1935 CD. 11, 453 O.G. 213.

 

Disposition of Claims

5)IZ Claim(s) 1-23is/are pending in the application.

5a) Of the above claim(s)_ is/are withdrawn from consideration.

6)|:| Claim(s)_ is/are allowed.

7)|Xl Claim(s) 1-_23is/are rejected.

8)|:| Claim(s)_ is/are objected to.

9)I:I Claim(s)_ are subject to restriction and/or election requirement.

Application Papers

10)I:I The specification is objected to by the Examiner.

11)IZI The drawing(s) filed on 18 January 2011 is/are: a)El accepted or b)|:| objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

12)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)|X| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)|Z AII b)|:l Some * c)I:I None of:

1.IXI Certified copies of the priority documents have been received.

2.|:l Certified copies of the priority documents have been received in Application No._

3.I:I 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)).

* See the attached detailed Office action for a list of the certified copies not received.
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2) I] Notice of Draftsperson‘s Patent Drawing Review (PTO-948) Paper N0(S )/Mai| Date._
3) IZI Information Disclosure Statement(s) (PTO/SB/08) 5)I:I NOTICQ 0f Informal Patent Application

Paper No(s)/Mai| Date 01/18/11 02/08 04/14 05/03 02/14.5/18/12. 6)D Other—
 

 
U.S. Patent and Trademark Office

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mai| Date 20120612



Continuation Sheet (PTOL-326) Application No. 13008285



Application/Control Number: 13/008,285 Page 2

Art Unit: 2814

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 lDSs 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. 201 10210326 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. 9a 110 )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—1 714. 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—1 000.

/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]

The present invention relates to a semiconductor device using 2110 (Zinc Oxide) and a'

manufacturing method thereof. '-

BACKGROUND ART -

[0002]

' A semiconductor device used for a display panel of ailiquid crystal display device Or an

EL (Electroluminescent) display device, for example, a semiconductor portion of a TFT (Thin
Film Transistor), is generally formed by i using a-Si (amorphous silicon) or poly-Si
(polycrystalline silicon). I

[0003]

Si (silicon) does not have a large band gap (for example, single—crystalline Si is 1.1 eV), '

and absorbs visible light. By irradiation with the light, electrons and holes (carriers) are formed
in Si. If a Si film'15 used for a channel formation region Of a TF1", a carrier is generated1n the

channel formation region by irradiation with the light even in an OFF state. Then, current
flows between a source region and a drain region. The current which flows"1n an OFF state is

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

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

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

deposition step, a photolithography step, and an etching step are required.

[0004]

To solve the problem, an attention is paid to a transparent transistor using zinc oxide

(ZnO) which is a semiconductor having a larger band gap of 3.4 eV than that of Si. Concerning

such a transparent transistor, the band gap is larger than light energy in a visible light band and

the visible light is not absorbed. Consequently, it has an advantage that the OFF—leak current
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does not increase if irradiated with light.

[0005]

' A semiconductor device using 2110 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 so as to be contacted with the source electrode 1001 and the

drain electrode 1002, and a gate insulating layer 1004 stacked over the ZnO layer 1003 and a .

gate electrode 1005 over an insulating substrate‘1000 such as‘a glass substrate.
[0007] '

' For the source electrode 1001 and the drain electrode 1002, a conductive ZnQ is used.
The conductive ZriO is doped with one of the following: B(bo'ron), Al (aluminum), Ga (gallium),

ln (indium), or Tl (thallium), which are III group elements; F(fluorine), Cl (chlorine),~ Br

(bromine), or I (iodine), which are VII group elements; Li (lithium), Na (sodium), K (potassium),

Rb (rubidium), or Cs (caesium), which are I group elements; and N (nitrogen), P (phosphorus), I
As (arsenic), Sb (antimony), or Bi (bismuth), which are V group elements.

[Reference 1] Japanese Publisheleatent Application No. 2000450900
DISCLOSURE OF INVENTION ' i

[0008] A ' ‘

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

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

top gate semiconductor device shown in FIG. 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 73, 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),rif the gate insulating

film 1004 is etched when the source electrode 1001 and the drain electrode 1002 are formed by

- etchingfithe characteristics are not stable and causes a fault.

[0011],

in consideration of the above situation, it is an object of the present 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 channel formation region, and 'a ZnO .
filmto which an h—type or p-type impurity is added is used for the source electrode and the drain

electrode. ' r

[0012] I

An aspect of a semiconductor devicerof this invention has an Al film or an Al alloy film

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

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

ognitride film”, “an Al film”, “an Al alloy film" and “a ZnO film”'1n this specification means a-
film containing silicon oxide a film containing silion ognitride, a film containing A1, a film
 

containingAl alloy, a film containing ZnO, respectively.

[0013] i '

An aspect of.a semiconductor device of this invention has a gate insulating film formed

by using a silicon oxide film or a silicon oxynitride film over a gate electrode, an Al film or an Al

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 2110 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 silic0n oxynitride film and the ZnO film to which an n-type or p—type

impurity is added, a gate insulating film over the ZnO semiconductor film, and a gate electrode

over the gate insulating film.

[0015] ' ' '

‘ An aspect of a manufacturing method of a semiconductor device of this invention has

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

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

an n-type or p-type impurity is added over the Al film or the Al alloy film, wherein the ZnO film.

to which an n—type or p—type impurity is added is etched to have an island-like shape by a first

etching, and the Al film or the Al alloy film is etched to have an island-like shape by a second '

etching. . ‘

{001.61

An aspect of a manufacturing method of a semiconductor device of this invention,

wherein a ZnO semiconductor 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 second‘
etching. .

[00171'

~ In the case of the bottom gate semiconductor device, a gate insulating film formed hy

using the silicon oxide film or the silicon oxynitride film is formed over the gate electrode after _
forming a gate electrode.

[0013]

In the case of the top gate semiconductor device, a gate insulating film is formed and a

gate electrode is formed after the 2:10 semiconductor film is formed.

[0019]

A first etching of this invention may be wet etching.

[0020]

Afirst 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 CH4 (methane) gas.

[0023] i

A second etching of this inventiOn may be wet etching.

[0024]

A second etching of this invention may be wet etching using developing solution for a

photoresist.

[0025]

, A second etching of this invention may be wet etching using an organic alkaline.
solution. , - ‘

[0026] .

’ A second etching of this invention may he , wet etching using-L TMAH

(tetramethylamrnonium hydroxide). I

[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 semiconductor material and an n—type or '

p-type impurity over the first film, and a third film comprising the transparent semiconductor

material over the second film and the gate insulating film. ' A
[0028] . ,

An aspect of a semiconductor device of this invention has an insulating film over a

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

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

film, a third film comprising the transparent‘semiconductor material over the insulating film and

the second film, a gate insulating film over the third film, and a gate electrode over the gate

insulating film.

{0029]

An aspect of a manufacturing method of a semiconductor device of this invention has

the. steps of: forming an insulating film over a substrate, forming a first film comprising a metal

material over the insulating film, forming a second film comprising a transparent semiconductor
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material and an n—type or p—type impurity over the first film, etching 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 gate electrode over a substrate, forming a gate insulating film over the

gate electrode, forming a first film comprising a metal material over the gate insulating film,

forming a second film comprising a transparent semiconductor material and an n—type or p~type

‘ impurity oVer second film, etching the second film, and etching the first film.

[0031].~

In the top gate semiconductor device, a base film formed by using a glass substrate, a

silicon oxide film or a silicon oxynitride film is not etched, and an impurity such as sodium is not '

diffused from a substrate into a semiconductor film so that itsicharacteristics are not deteriorated.
[0032]

In the bottom gate semiconductor device, the gate insulating film is not etched and its

characteristics do not become unstable.

[0033]

Since A] is used for a part of the source electrode and'drain electrode, low resistance of

a wire can be obtained.

BRIEF DESCRIPTION on DRAWINGS

[0034} '

In the accompanying drawings:

FIGS. 1A and 13 show semiconductor devices of this inventiOn;

FIGS. 2A to 2D show manufacturing steps of a semiconductor device of this invention;

FIGS. 3A to 3D show manufacturing steps of a semiconductor device of this invention;

FIGS. 4A and 4B show manufacturing steps of a semiconductor device of this

invention;

FIGS. 5A to 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 SB show'a manufacturing step of a liquid crystal 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-emitting device;

FIGS. 11A and 11B Show manufacturing steps of a light—emitting device;

FIGS. 12A to 12F each show an equivalent circuitof a light—emitting device;

FIG. 13 shows an equivalent circuit of a light-emitting device;

FIG. 14A illustrates a top front view of a pixel portion and FIG. 14B illustrates an

- equivalent circuit of a light—emitting device;

, FIGS. 15A to 1513 each Show an example of an electronic apparatus to which this

inventionis applied; and

FIG. 16 shows an example of electronic apparatuses to which this invention is applied.

[0035}

The embodiments of this invention vwill 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 hereinldisclosedl

can, be modified in various ways without departing from the purpose and the scope of the

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] l '

[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 showu. 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 insulating film for passivation or planarization may be formed over the semiconductor

film 13.

[0038]

The gate electrode 3 is formed over the substrate 1, the gate insulating film 5 is formed

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

the gate insulating film 5. The source electrode 10 is formed of a layered film having the first
conductive film 1021 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 between the first conductive film 10a and the second conductive.

film 10b, or between the first conductive film 11a and the second oonductivefilm 11b. The

source electrode 10 and the drain electrode 11 may be each formed so as to overlap partially with _

the gate electrode? through the gate insulating film 5. The semiconductor film 13"is formed
overthe source electrode 10 and. the drain electrode 11 over the gate insulating film 5.

[0039]

Hereinafter, each structure is described.
(1) substrate

The following can be used for forming a substrate: a Substrate formed by using a glass .

substrate; an insulating material such as alumina; and a plastic substrate which can resist a

processing temperature in post-steps; and the like. In the case of using a plastic substrate for.
the substrate 1, the following can be used: PC (polycarbonate); PBS (polyethersulfone); PET

(polyethylene terephthalate); PEN (polyethylene naphthalate); or the like. In the case of the
plastic substrate, an inorganic layer or an organic layer may be provided as a gas barrier layer
over the surface. In the case where a prominence due to dust or the like which'IS generated on

the substrate in the manufacturing process of the plastic substrate, the substrate may be used after

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 (aluminum) film, a W (tungsten) film, a

Mo (molybdenum) film, a Ta (tantalum) film, a Cu (copper) film, a Ti (titanium) film, an alloy

material containing the elements as a main component (for example, an Al alloy film, a MoW

(molybdenum tungsten) alloy film), or the like. A semiconductor film represented by a

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 more layers
are stacked.

- [b041] -

,- (3) gate insulating film

The gate insulating film 5 is formed by using an insulating film containing silicon as a

main component, for example, silicon oxide film, and silicon oxynitride film. ‘In addition, it '

may be a single layer or a layered film.

[0042]

(4) source electrode and drain electrode _

The source electrode 10 is formed with a layered film of the first conductive film 10a

and the second conductive-film 10b, and the drain electrode 11 is formed with a layered film of
the first conductive film 11a and the second conductive film Ill).
[0043].

As the first conductive film, ‘an Al film, au ‘Al alloy film such as an AlNi (aluminum

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

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

(gallium), P (phosphorus), or A5 (arsenic) is added can be used. A metal film such as a T1 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 insulating film such as a passivation film and a planarization film may be formed

over the semiconductor film 13, although not shown. Silicon oxide (SiOx), silicon nitride

(SiNx), silicon oxynitride (SiOxNy) (x>y), silicon nitride oxide (SiNxOy) .(x>y), a SOG

(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

- manufacturingvprocess, 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 tor) gate semiconductor device is described.

[004.81 ‘ '

FIG. 1B is a cross-sectional view showing one example of an embodiment of 'this '

invention. In FIG. 1B, numeral reference 1 denotes a substrate, 20 denotes an insulating film, ~

25 denotes a source electrode, 25a denotes a first conductive film, 25b denotes a second:
conductive film, 26 denotes a drain electrode, 26a denotes a first cdnductive film, 26b denotes. a
second conductive film, 27 denotes a semiconductor film, 28 denotes a gate insulatinglfilm, and

29 denotes a gate electrode. An insulating film for bassivation or planarization may be formed
over the gate electrode. '

[0049] i

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 2621 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 vyith the sorrrce electrode and the

drain electrode‘ with the gate insulating. film 28 and the semiconductor 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 eleCtrode, the same ones described in Embodiment 1_ can be used. '

, '(1) insulating film over substrate
An silicon oxide film or a silicon oxynitride film is formed as the insulating film 20 for

preventing an impurity or the like from diffusing from the substrate side over the substrate 1. In '
addition, it may be a single layer or a layered film. i

[0052] i

(2) gate insulating film

The gate insulating film 28 is formed by using an insulating film containing silicon as a

main compenent, for example, a silicon oxidefilm, a silicon oxynitride film, a silicon nitride
oxide film, and a silicon nitride film. In addition, it may be a single layer or a layered film.

[0053]' g

(3) insulating film over gate electrode

An interlayer insulating film such as a passivation film and a planar‘i'zation film may be

formed over the gate electrode 29, although not shown. A SiOx film, a- SiNx‘film, a SiON film,

SiNO film,— an SOG (spin—on-g‘lass) film, and an organic resin film of acrylic or a layered film of 4
those can be Used.

[0054]

In the mp gate semiconductor device, the substrate or the base film formed by using a

silicon oxide film or a silicon oxynitride film is not etched, so that an impurity such as sodium is

not diffused into the semiconductor film from the substrate and the characteristics are not

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

achieving lower resistance of a wire.

[0055]
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' [Embodiment 3]

A manufacturing method of the bottom gate semiconductor. device is described, in

which a silicon oxide film or a silicon oxynitride film is formed as a gateinsulating film over the

gate electrode, an Al film or an Al alloy film is formed as a first conductive filmrand 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 electrode 3 is formed. The thickness of the gate electrode

may be 10 to 200 run over a substrate 1. The substrate 1 may be formed by using the material -

shown'in Embodiment 1. Here, a glass substrate is used. ‘

1005.71 ‘

An insulating film 2 containing silicon oxide. (SiOx), silicon nitride (SiNx), silicon

oxynitride tSliNy) (by), silicon nitride oxide (SiNxOy) (x>y), or the like may be formed with
a thickness of 10 to 200 nm by CVD or sputtering so as to prevent impurity or the like from

diffusing from the substrate side (FIG. 2B).
[0058]

The insulating film 2 may be formed by processing the surface of the substrate 1 with
high density plasma. For example, the high density plasma can be generated using a
microwave. of 2.45 GHz, and it is Only required that electron density ranges from 1x1011to '
1x1013/cm1 and electron temperature is 2'eV or less. Such high density plasma has a low 4

kinetic energy of active species and a film with fewer defects can be formed with less damage

caused by plasma compared to a conventional plasma treatment.

[0059]

The surface of the substrate 1 can be nitrided by the high density plasma treatment

under a nitriding atmosphere such as an atmosphere containing nitrogen and a noble gas, an

atmosphere containing nitrogen, hydrogen and a noble gas, and an atmosphere containing

ammonia and a noble gas. In the case where a glass substrate is used as the substrate 1

subjected to a nitriding treatment by the high density plasma, as a nitride film formed over the
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surface of the substrate 1, the insulating film 2 containing silicon nitride as a main component

can be formed. The insulating film 2 may be formed by using a plurality of layers'in which a

silicon oxide film or a silicon oxynitride 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. i

[0061]

. The nitride film formed by nitriding with high density plasma can suppress diffusion of
impurity from the substrate 1.

[0062] ,

The gate electrode 3 can be fermed by using materials shown in Embodiment 1. Here, -

an AlNd (aluminum neodymium) film is formed by sputtering using an AlNd target 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. v i

[0063]

After cleaning thevsurface of the gate-electrode 3. and the surface of the substrate 1 or the
insulating film 2, a gate insulating film 5 is formed with a thickness of 10 to 200 nm using a.

known CVD or sputtering over the gate electrode 3 (FIG 2A and ZB). The Surface cleaning

step and the formation step of the gate' insulating film 5 may be carried out continuously 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 generated in some cases.

Thus, it is preferable to form the film at a low temperature of 500°C or less, preferably 350 °C or _
less. I

[0064]

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

Here, a silicon oxide film is formed. Note that the insulating film 2 is Omitted in the drawings

below.

[0065]

A first conductive film 6 for source and drain electrodes is formed with a thickness of

10 to 200 nm on the gate insulating film 5. The first conductive film 6 can be formed by using
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the material shown in Embodiment '1. Here, an AlNi (aluminum nickel) film or an AlNd filmis
uSed. The first conductive film 6 can be formed bysputtering using an AIM target or an AlNd

target. After forming the gate insulating film 5, the first conductive film 6 may be formed

‘ continuously without being exposed to the air.

[0066]

A second conductive film 7 is formed with a thickness of 10 to_ 200 nm on the first

conductive film 6 (FIG. 2C). The second conductive film 7 can be formed by using the material

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

added is used. - Consequently, an ohmic contact can be easily created between the 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 fer adding Al. or Ga: Sputtering using a ZnO target to which 1 to i0 weight % of A] or Ga is
added; or sputteriiig in which an Al or Ga chip is mounted on. a ZnO target at 200' to 300°C.

[0067] ' i

I After forming the'first conductive film 6, the second conductive film 7 may be formed
continuously without being exposed to the air. Therefore, formation from the gate insulating
film 5 to the second conductive film 7 may be continuously carried'out without being exposed to

air. .

[0068] _ y

A third conductivefilm 8 may be formed with a thickness of 10 to 200 run between the
first conductive film 6 and the'second conductive film 7 (FIG. 2D). -A contact resistance is

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

depending on'a heat treatment temperature in a manufacturing process. However, the contact

resistance can be reduced between the first-conductive film 6 and the second conductive film 7

by forming the third conductive film 8. The third conductive film 8 can be formed by using a

metal film such as a T1 film which is formed by sputtering or the like.

[0069]

A resist mask 9 is formed over the second conductive film 7, and the second conductive

film 7 is etched (FIGS. 3A and 3B). In the case of using wet etching, buffered fiuoric acid (in

which HF (hydrofluoric acid) and NH4F (ammonium fluoride) are mixed), for example, solution ~
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with a ratio of HFzNHltF (weight rati0)=1: 100 to 1: 10 is used.

[0070] '

V In the case of using dry etching, anisotropic plasma etching using CH4 gas can be used.

[0071] .

Under the second conductive film 7, the first conductive film 6 is fanned. Thus, the

first conductive film 6 serves as an etching Stopper when the second conductive film 7 is etched.

Consequently, source and drain electrodes can be formed without damaging the gate insulating

film 5 in etching. -

[0072] , .

I A part of the first conductive film 6 may be etched when the second conductive film 7 is

etched. ”However, attention is required to be paid so as not to totally etch the first conductive '

film 6 because the gate insulating film is damaged if the first conductive film 6 is totally etched.

[0073] I

Next, a source electrode 10 and a drain electrode 11 are formed by etching the first

conductive film 6 using the resist mask- 9 (FIG. 3C). In this invention, the first conductive film

6 is etched using an organic alkaline solutionrepresented by TMAH (tetramethylammonium‘

hydroxide), which is a developer for a photoresist.

[00741 ' . . .

In the case of using an AIM film for the first conductive film 6 and TMAH for etching
solution, the etching ratio is approximately 300 nm/min at 30"C. On the other hand, the second
conductive film 7 or the gate insulating film 5 to which the above-mentioned material13 used is
not etched with TMAH Consequently, the source electrode 10 and the drain electrode 11 can

be formed without damaging the gate insulating film 5. Further, the island-like shaped second

conductive films 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 within thickness of 20 to 200 nm by

Sputtering over the source electrode 10, the drain electrode 11, and the gate insulating film 5 (FIG.
3D). For example, the film can be formed by sputtering using a ZnO target 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 form an

island-like shaped semiconductor film 13 (FIG. 4A). A wet etching method using a buffered

fluoric acid "or anisotropic dry etching method using CH4 gas can be used. . I

[0078], ‘ ' ;

Zoo is commonly used in the semiconductor film 12 and the second conductive films
101) and 1113, and it is difficult to. obtain -a sufficient etching selectivity. However, since the

second conductive’film 7 is required to be formed in a portion in contact with the semiconductor
film ,12, the second 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 conductive films 10b and 1~1b may be etched, but the first conductive films 10a and
11a are not etched. Consequently, the first conductive films 10a and 11a serve as wires, and the,
electrical connection with the semiconductor device is ensured.

[0079]

An insulating film 1415 formed with a thickness of 50 nm to 1 pm oVer a semiconductor
film 13 by CVD or sputtering (FIG. 4B). An insulating film containing silicon as a main
component can be formed as the insulating film 14. An organic resin film Or the like may be

stacked over the insulating film containing silicon. The insulating film 14 functions as a .

planarization film or a passivation film. Since Al is included-in the source electrode 10 and the

drain electrode 11, a hillock is occasionally generated when the insulating film 14 is formed at

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

350°C or less.

[0080]

Contact holes are formed in the insulating film 14, and c0nductive 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 inventiori, a semiconductor device can be formed without damaging

the gate insulating film. An Al alloy film Such as an AIM film is used as the first conductive

film, thereby achieving lower resistance of .the wire. .

[0082]

[Embodiment 4]

Here, a manufacturing-method of a' top gate semiconductor device is described, in which

an Al film or an Al alloy film is formed as a first conductive film on a silicon oxide film or a

‘ silicon o'xynitride film, and a ZnO film to which an n'type or p~type impurity is added is~formed

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

island-like shape by a first etching, the first conductive film is fanned :to have an island-like

shape by” a second etching to form source and drain electrodes, a 2110 semiconductor film is '

formed, a gate insulating film is formed, and a gate electrode is formed. Note that it is needless
to say that materials and methods for manufacture described in Embodiments 1 to 3 can be
applied to those used for the present embodiment,

[0083] '

As shown in FIG. SA, a silicon oxide'(SiQx) film is formed as an insulating film 20 over

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] '

i A first conductive film Zlfor the source and drain electrodes is formed with a thickness

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

as AlNi (aluminum nickel) film which isshown 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-type impurity such as B (boron), Al (aluminum), Ga (gallium), P

(phosphourus), or As (arsenic) is added can be used. After forming the first conductive film 21,

the second conductive film 22 may be formed continuously without being exposed to the air.
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Therefore, the steps of forming the insulating film 20 to the second conductive film 22 may be

carried out continuously 'without being exposed to the’air. I

[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 ctmtact 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 the second

conductive film 22 is etched (FIG. 5C). Wet etching using buffered 'fluo'ric acid or dry etching

using CH4 gas can be used as an etching method.

[0088}

The first conductive film 21 is formed under the second conductive film'22. Therefore,
the first conductive film 21 serves as an etching stopper when the second conductive film 22 is

etched. Thus, the source and drain electrodes can be formed without exposing the substrate 1

by etching the insulating film 20. ‘

[0089]

When the second conductive f"1m 22 is etched, a part of the first conductive film 21 may

be etched. Note that if all of the first conductive film 21 is etched, the insulating film 20rs
etched and the substrate 1is exposed, which would cause diffusion of impurity included in the
substrate 1., '
[0090]

The first conductive film 21 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 ZnO film is not etched by TMAH.

Etching can be performed with a developer which is used in formation of a resist mask without a

Special etching solution for the first canductive 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. I

[0092]

A ZnO‘ film is formed with a thickness of 20 to 200 nm by sputtering as the

semiconductor film 27 over the source electrode 25, the drain electrode 26, and the insulating

film 20 (FIG 6A).

1 [0093] ‘

, The semiconductor film 27 is etched by a photolithography- method to make an

island—like shaped semiconductor film 27. Wet etching using buffered fluoric acid or dry

etching using CH4 gas can be used as an etching method.

[0094]

ZnO is commonly used for the semiconductor film'27 and the second conductive films
25b and .26b, and it is difficult to obtain a high etching selectivity. However, the second

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 source
and drain electrode portions, which is the same as Embodiment-3. ' I

[0095] .

A gate insulating film 28 is' formed with'a thickness of 10' to 200 nm by.CVDior
Sputtering over the semiconductor f1m 27 (FIG. 6B). The semiconductor film 27 may be
subjected to a high density plasma treatment shown1n the abovementioned Embodiment to form
a gate insulating film. The surface of the semiconductor film 27 can be nitrided by the high

density plasma treatment under a nitriding atmosphere such as an atmosphere containing

nitrogen and a noble gas; an atmosphere containing nitrogen, hydrogen, and a noble gas; and an

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

island-like shape with a photolithography method.

[0098] ' . ,

, An insulating-film 30 is fanned with a thickness of 50 nm to 1 pm by CVD or.

sputtering Over the gate electrode 29 and the gate insulatin‘g-filmIZB (FIG. 6C). The insulating

film 30 can be formed by using an insulating film containing silicon. Arr organic resin film or ‘

the like may be stacked over the insulating film containing silicon. The insulating film 30
functions as a planarization film or a passivation film. Since Al is included in the source

electrode. 25 and the drain electrode 26, a hillock is' occasionally generated when .the gate

insulating film 28, the. gate electrode 29, and the insulating film 30 are formed at a high

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

preferably 350°C 01' less.

‘ [0099]

Asdescribed above, this invention can prevent an impurity from'difiusing due to'an
exposure of the substratel. An Al alloy film such as an AlNi film is used as'the first
conductive film, thereby achieving lower resistance of a wire. . i I
{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 showu 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. SB.

[0101]

A gate wire 40 and an auxiliary capacitm wire 41 are formed over a glass substrate or a
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plastic substrate 1. An AlNd film is formed by sputtering, and then, formed by known

photolithography method and etching. ‘

[0102]

A gate insulating film 42 formed by using a silicon oxide film or a silicon oxynitride

film is formed by CVD or sputtering.

[0103]

An AlNi film is formed as a first conductive film by sputtering over the gate insulating

film 42. ' The first conductive film forms a source electrode '45a, a drain electrode 46a and a

source wire 47 later. i

[0104] ,

A ZnO (zinc oxide) film to which Al is added is formed as a second conductive film by ‘

sputtering over the'first conductive film. The second conductive film forms a source _eler':trode
45b, a drain electrode 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 conductive film (not shown in‘the

figure). Then, the second conductive film is etched. Here, etching is performed using

buffered fluoric acid and a solution of HFzNI-I4F=1:100 (weight ratio).

[0106] ' '

. Next, the 'first conductive film is etched using TMAH solution to form-the source
electrode 45a, the drain electrode 46a, and the sourée wire 47. After-that, the resist mask is

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

formed without damaging the gate insulating film 42. In addition, since the ZnO film is not

etched by TMAH, the size of the island—like shaped second conductive film is not reduced.

Further, since an AIM 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 Zoo film by a photolithography method and

etching. Wet etching using buffered fluoric acid is used as etching. The portion of the sec0nd
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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 organic resin film, or the like. The insulating film 49 may

be a film which makes the unevenness of the Surface planarized.

- {0109] '

» A contact hole leading to the. drain electrode 46 and a contact hole for the auxiliary

capacitor are formed in the insulating film 49 using a photolithography method and an etching

method. ‘

[0110] I . — .

A transparent conductive film is formed by sputtering, and then, a pixel electrode 50 is

formed using a photolithography method and etching. ' For example, ITO (Indium Tin Oxide),

ITSO (Indium 'Iin Oxide containing silicon oxide), or 120 (Indium Zinc Oxide) may be used.

[0111] h
In the case of a reflective liquid crystal diSplay device, a light reflective metal material-

such as Ag (silver), Au (gold), Cu (copper), W (tungsten),\or Al (aluminum) is formed instead of

a transparent electrode. - I I
[0112] i

I The portion where the pixel electrode 50 and the auxiliary capacitor wire 41 are
overlapped forms an auxiliary capacitor 100 which is formed of the pixel electrode 50, the gate

insulating film 42, and the auxiliary capacitor wire 41 (FIGS. 8A and SB).

[0113] "

A corner of a bent portion or a portion where width changes may be smoothed and

rounded in a wire and an electrode. A shape of a chamfered corner can be realized by using a

photomask pattern manufactured using a pattern of photomask. This will haVe advantages

described below. When dry etching using plasma is performed, generation of fine particles due

to abnormal discharge can be suppressed by chamfering a projecting portion. Even though the

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. Thus“, a problem of fine particles or dust in the manufacturing 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-shielding layer (black

matrix), ,and a protective insulating film 54 is formed on an opposing substrate 56. A

transparent electrode 57 is formed, and an alignment film 53 is formed on the protective’

insulating film 54 '(FIG 9A). The alignment film is subjected to, a rubbing process. 2
[0116] I '

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

{0117] , _

After dropping the liquid crystal composition 52 in the closed pattern, 75, the opposing

substrate 56 and a substrate 1 in which a semiconductor device is formed are attached to each

other. When the liquid crystal composition 52 is filled, thefollowing 'altemative may 'be
adopted: a seal pattern having an opening portion is provided on the substrate 1; the opposing
substrate 56 and the substrate 1 are attached to each other; then, liquid crystal is injected using
capillary action.

2 [0118]

As an alignment mode of the liquid crystal composition 52, TN mode in which the

alignment of liquid crystal molecules is twisted at 90° frOm the side of light incidence 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 fillersrin the sealant. The aforementioned

columnar spacer is formed of an organic resin material containing at least one of acrylic,

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

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

[0121}

Then, an FPC (Flexible Printed Circuit) is attached to the the substrate 1 with an

anisotropic conductive layer interposed therebetween using a known technique.

[0122] ' i
A peripheral driver circuit may be formed over the substrate. A plane exemplary

diagram isshown in FIG. 98. I I
[0123} ' ,

Agate wire driver circuit 62, a source wire driver circuit 63, and an active matrix

portion 64 are formed over a substrate 61 formed of glass or the like. The gate wire driver-

circuit 62 is constituted from at least a shift register 62a and a buffer 62b.“ The source wire

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

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

72 extended from the gate wire driver eircuit 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 cormected to the gate wire 72, and

the source electrode is connected to the source wire 71. A liquid crystal portion 66 is formed by

introducing a liquid crystal to be sealed between a pixel electrode connected to the drain

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] '

«i In the aforementioned liquid crystal 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 using'a top gate semiconductor device; a glass substrate or a base film formed by using, a '

silicon oxide film or a silicon oxynitride film is not etched, soithat impurity such as sodium is not
diffused into a semiconductor film from the substrate and the characteristics are-not deteriorated,

and thus, high reliability can be realized.

[0127] I

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

lower resistance of a Wire.

[0128]

[Embodiment 6]

Here, a description is made of a method for manufacturing a light-emittingdevice with
using the bottom gate semiconductor device shown in Embodiments 1 and 3 referring to FIGS.

10A and 10B and 11Aand 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 embodiments are denoted by the same reference

numerals.

[0130]

In the EL diSplay device, the pixel electrode 50 functions as an anode or a cathode. As
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the material for the pixel electrode 50, the following can be employed. a conductiVe metal such
as aluminum (Al), silver (Ag), gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium .

(Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), lithium (Li),

caesium (Cs), magnesium‘(Mg), calcium (Ca), strontium (Sr), or titanium (Ti); an alloy such as

aluminum-silicon (Al—Si), aluminum—titanium (Al-Ti), 'oraluminum-silicon-mpper (Al-Si—Cu);‘
nitride of a metal material such as titanium nitride (EN); 3 metal compound such as ITO, ITO

containing silicon, or [20.

- [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 film of metal such as Al
or Ag may be used as well as a metal compoand such as ITO, ITO containing silicon, or [20.

[0132] ' I '
When light—emission is extracted from an electrode which is opposed to the pixel

electrode 50, a highly reflective material (Al, Ag, or the like) can be used for the pixel electrode

50. In this embodiment,_ ITSO, which means ITO Containing silicon, is used as the pixel

electrode 50 (FIG. 10A). I

[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 insulating -
filmis processed to expose the pixel electrode 50 partially, thereby forming partition walls 81
As the material of the partition walls 81, a photosensitive organic material (such as acrylic or
polyimide) is preferable. Alternatively, a non-photosensitive organic material or inorganic

material may'also beused. 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 cominuously (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 layer 82 including a light-emitting substance interposed between

the pixel electrode 50 and the opposing electrode 83 can be manufactured, and light—emission

can be obtained by applying a voltage between the opposing electrode 83 and the pixel electrode

50. ‘

[0135]

As an electrode material used for forming the opposing electrode 83, a material similar

to one which can be used for the pixel electrode can be used. In this embodiment, aluminum is

used for "a second electrode.

[0136]] '

The layer 82 including a light-emitting substance is formed by evaporation, ink—jet, spin

coating, dip coating, roll-to~roll method, 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, electron‘transportation, electron injection, or light—emission, respectively, or a

single layer of a light-emitting layer. As a layer including a light;emitting substance, at single
layer or a layered film of an organic compound may be used.

[0138}

A hole injecting layerIS provided between an anode and a hole transporting layer. .As
the hole injecting layer, a mixed layer of an organic compound and a metal oxide can be used.
This prevents short circuit between the pixel electrode 50 and the opposing electrode 83 due to
unevenness which is formed (in the surface of the pixel electrode 50 or a foreign substance which

is left on the Surface of the electrode. The thickness of the mixed layer is preferably 60 nm or

more, more preferably 120 nm or more. "Since increase in thickness of a film does not cause

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, molybdenum oxide, tungsten oxide, titaniumpoxide, manganese oiride, 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—(3-methylphenyl]-N-phenylamin'o]biphenyl , . (TPD),

4,4',4"-tris(N,N—diphenylamino)triphenylamin'e ~ (TDATA),

4,4',4"—t1‘is[N—(3-rnethylphenyl)—-N-pl1enylamino]triphenylarnine (MTDATA),
4,4'-bis{N—[4——(N',N-di—rn-tolylamino)phenyl]—N—phenylamino}biphenyl (DNTPD),

1,3,S—tris[N,N—di(m-tolyl)amino] benzene (m-MTDAB), - and 4,4;,4”—tris(N-carbazolyl)

triphenylarnine (TCTA); phthalocyanine (H2P0); copper phthalocyanine (CuPc); vanadyl ‘

phthalbcyanine (VOPC); or the like. ‘

[0141] '

The hole transporting layer is provided between the anode and a light-emitting layer, or

between the hole injecting layer and the light-emitting layer when the hole injecting layer is

provided. The hole transporting layer is formed by using a layer which has an excellent
property of transporting 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 hole mobility of 1 x 1045 to 10 cm2[Vs mainly.
Note that a substance having higher transporting property of holes than electrons may be used as
well as the materials. Note that the hole transporting layer may be formed by not only a single

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

substances are stacked.

[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 (depant material) which becomes a luminescent center, While the other
is a layer"1n which a light-emitting layer15 made of a lightvemitting substance only. The former

is preferable, because concentration quenching hardly occurs. As the light-emitting substance

to be a luminescent center, the following can be employed:

4-dicyanomethylene-2—methyl-6—(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyran (DCJT);

4—dicyanomethylene-2—t—butyl-6-(1,1,7,7—tetramethyljulolidine-9-enyl)-4H—pyran; periflanthene;
2,5-dicyano-1, 4-bis(10-methoxy—1,1,7,7—tetramethyljulolidine—9—enyl)benzene;

‘ NN’—dimethquuinacridone (DMQd); coumarin _ 6; coumarin 545T;‘ tris

(8—quinolinolato‘)aluminum (131(k); 9,9’~bianthryl; 9,10-diphenylanthracene (DPA);
9,10-bis(.2—naphthyl)anthracene (DNA); 2,5,8,ll-tetra—t—butylperylene (”fBP); PtOEP; Ir(ppy)3;
Btp21r(ac'ac); Flrpic; or the like. As the base material to be a host material in the case of '
forming the layer in which the light-emitting substance is diffused, the following can be used: an

anthracene derivative such as 9,10-di(2—naphtyl)—2-tert—butylanthracene (t-BuDNA); a carbazole
derivative such as 4,4’—bis(N-carbazolyl)biphenyl (CBP); or a metal cemplex such as

tris(8—quinolinolato)aluminurn (Alqg),. tris(4»methyl—8—quinolinolato)alurninum ' (Almqg);
bis(10—hydroxybenzo[h]—quinolinato)berylliumg ‘ . . , (Bquz);
bis(2-rnethyl-8—quinolinolato)-4—phenylphenolato—alurninum ' (BAld); 4

bis[2-(2—hydroxyphenyl)pyridinato]zinc (anpz); or bis[2;(2—hydroxyphenyl)benzoxazolate]zinc

(ZnBOX). As the material which can constitute the light-emitting layer only with a
light-emitting substance, tris(8--quinolinolato)alurninum _,(A1q3) 9,10-bis(2-4naphtyl)anthracene

(DNA), bis(2-methyl—8——quinolinolat0)——4-phenylphenolato--aluminum (BAlq), or the like can be
used.

[0143]

An electron transporting layer is provided between the light-emitting layer and the

cathode, or between the light-emitting layer and an electron injecting layer when the electron

injecting layer is provided. The 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 (Alqg),

tris(5-methyl—8-quinolinolato)aluminum (Almq3), bis(10-hydroxybenzo[h] ~quinolinato)beryllium

(Bquz), and bis(2-methyl—8—quinolinolato)~4-phenylphenolato—aluminum (BAlq). In addition,
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a metal complex having 'an' oxazole ligand or a. thiazole ligand such as

bis[2-(2~hydroxyphenyl)-benzoxazolato]zinc . ‘ (Zn(BOX)2),

bis[2—(2-hydroxyphenyl)-benzothiaaolato]zinc (Zn(BTZ)2), or the like can be used. In additiOn

to the metal complexes, 2-(4—biphenylyl)-5-(4—tert-butylphenyl)-1,3,4-oxadiazole (PBD);

1 ,3—bis[5-(p-tert-butylphenyl)~1 ,3,4-oxadiazole—2—yl]ben'zene (OXD-7);

3—(4-tert-butylphenyl)-4~phenyl-5-(4-biphenylyl)-1,2,4-triazole . (TAZ);

3-(4—tert-butylphenyl)-4—(4-ethylphenyl)—5-(4-biphenylyl)~1,2,4—triazole (p-EtTAZ);

' bathOphe'nanthroline (BPhen); bathocuproine (BCP); or the like can be used; These substances

mentioned here mainly. have the electron mobility of 1 x 10'6 to 10 crnZ/Vs. Note that other
substance may be used for the electron tranSporting layer so long as it: has a higher electrOn
transporting property than a hole transporting property. Further, the electron transporting layer -

may be formed by not only a single layer but also, a layered: film in .which two or more layers
made from the above mentioned substances are stacked.

[0144]

The electron injecting layer is provided between the cathode and the electron

transporting layer. As the electron injecting layer, a compound of alkali metal or alkaline earth!
metal such as lithium fluoride (LiF), cesium fluoride (CsF), or calcium fluoride (Can) can be

employed. In addition to that, a layer formed by using an‘electron transporting substance which

contains alkali metal or alkaline earth'metal, for example, Alqg containing magnesium (Mg)-or
the like can be used. ‘

[0145]

In- the case of an inorganic electroluminescent display device, one in which a fluorescent .
substance particles are diffused in diSpersing agent for the layer 82 including a light-emitting
substance can be used.

[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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polypropylene based resin, polystyrene based resin, silicone resin, epoxy resin, vinylidene
fluoride resin, Or the like. The dielectric constant. can be adjusted by mixing the resin and

minute particles having high dielectric c0nstant such as BaTiOg (barium titanate) or SrTi03

(strontium titanate). As a diffusing means, an ultrasonic diffusing machine orlthe like can beI

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, T102, BaTi03, SrTiO‘3,‘ PbT103, KNbO}, PbNb03, T3203,

BaTa205; LiTa03, Y203, A1203, Zr02, AION, ZnS, or the like. Those may be disposed as a '

uniform film or a film having a particle structure. ‘

[0149]

In the case of an inorganic electroluminescent display device, a double-insulating

structure in which a light-emitting layer is interposed between insulating ‘ layers may be

employed. ‘ The light~emitting layer can be “formed by. using a Il-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 Si3N4, SiOz, A1203, or T102.

[0150] '

- A silicon oxide ‘film containing nitrogen is formed as a passivation film over the

opposing electrode 83 by plasma CVD (not shown). In the case of using a silicon oxide film
containing nitrogen, the follov'ving can be used: a silicon oxynitride film formed by using SiH4, _

N20, and NH: by plasma CVD; a silicon oxynitride film formed by using SiH4, and N20; or a

silicon oxynitride film formed by using a gas in which SiH4 and N20 is diluted with AI.

[0151]

A silicon oxide nitride hydride film manufactured from SiH4, N20, and H2 may be

employed as a passivation film. Note that a passivation film is not limited to the

aforementioned substance. Another insulating film coutaining 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. I

[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 entemal

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 between the substrates

constant may be mixed in the sealant. Then, the light-emitting device is completed by attaching

a flenible wire board to the external connection portion. 7 -
[0153] l

One example of a structure of the light-emitting device manufactured as described

above is shown referring to FIGS. 11A and 11B. Note that portions having the same functions
are sometimes denoted by the same reference numerals even though they have different shapes,

and the explanations are occasionally omitted.

[0154]

FIG; '11A shows a structure in which the pixel electrode 50 is formed using a light
transmitting conductive .film, and light generated in the layer 82 including a light-emitting

substance is emitted toward a substrate 11. Further, reference numeral 86 denotes an opposing

substrate; - This opposing substrate is firmly attached to the substrate 1' using a sealant or the _
like after forming a light emitting element. A space between'the opposing substrate 86 and the ‘

element is filled with resin 85 having a light-transmitting property or the like to seal the light

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 preperty.

More preferably, a drying agent 84 with a high light-transmitting property is dispersed in the

resin 85 to prevent the adverse influence of moisture.

[0155]

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 having light—transmitting property.

Accordinglleight can be emitted toward both the substrate 1 and the opposing substrate 86 as

shownby an arrow of dotted lines. In this structure, by providing polarizing plates 88 Outside

of the substrate 1 and the opposing substrate 86, a screen can be prevented from being

tranSparent, thereby improving visibility. Protection films>87 are preferably provided outside of

the polarizing plates 88. I

[0156)

l The light—emitting device of this invention having a display function may employ either

an analog video signal or a digital video signal. If a digital video signal is used, the video.

signal may use either a voltage or a current. i

{0157] g l
‘ When the light-emitting element emits light, a video signal to be inputted to a pixel may

have either a consiant voltage or a constant current. When a video signal has a censtant voltage,

a wnstant voltage is applied to a light-emitting element or a constant ‘current flows through the
light—emitting element. '

[0158] I ‘

I

Also, when a video signal has aconstant current, a constant voltage is applied to la-

light-emitting element or a constant current flows through the light-emitting element. _A driving

method where a censtant voltage is applied to a light—emitting element is called a constant .
voltage drive. Meanwhile, a driving method where a constant current flows. through a
light—emitting element is called a constant current drive. In the constant current drive, constant
current flows regardless of change in resistance of a light emitting element. The light emitting .

display device according to this invention and the driving method thereof may use any one of the
aforementioned methods.

[0159]

In the light-emitting device, a gate insulating film is not etched, and the characteristics

of the light-emitting element is not unstable so that its 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.

[0160] I

A] 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 operation
thereof are shown referring to 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 [F] 1403 of the semiconductor

device. . A switching TFT 1401, a current control TFT 1404, and an eraser TFT 1406 may be

manufactured at the same time of the driving TFT 1403, and may have the same structure as the

driving TFT 1403. .

[0162]' ' g

A pixel shown 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 switching TFT 1401, the driving TFT 1403, the current control TFT 1404,

an auxiliary capacitor 1402; and a light—emittingelement 1405. v I

[0163}

i A pixel shown in FIG. 12C has the same structure as one in FIG. 12A except for that the

gate electrode of the driving TFI‘ 140318 connected to the power source line 1412 provided in
the row direction. In other words, the pixels shown in FIGS. 12A and 12C have the same
equivalent circuit diagram. However, a power source line formed1n the case-of arranging the

power sourCe line 1412In the column direction (FIG. 12A)rs formed by using a canductive 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 serially within the pixel, and it is preferable to set the
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channel length L (1403) and the channel width w (1403) of the driving TFT 1403, and the
channel length L (1404) and the channel width W (1404) of the current control TFT 1404 so as to

satisfy L(1403)/W (1403):L (1404)/W (1404)=5 to 600021. ‘

[0165]

The driving TFT 1403 operates in a saturation region and serves to control the current

value of the current flowing into the light-emitting element 1405. The‘current control TFT

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

' element 1405. Both the I F'Is preferably have the same conductivity type in the manufacturing
process, and the TFTs are n-channel type TFTs in this embodiment. The driving TFT 1403 may,

be either .an enhancement mode TFT or a depletion mode TFT. .Since the current control TFT

1404 operates in the linear region in 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. That18 to say, the current value of the light—emitting element 1405
can be determined by the driving TFT 1403 operating in the saturation region. With the above

structure, the variation of the luminance of the light-emitting element due to the variation of the
characteristics of the TFT'can be remedied, 'thereby providing a light-emitting device having.

improved image quality. ‘

[01661 _ .

In each pixel shown in FIGS. 12A to 12D, the switching TFT 1401 is to control the
input of the video signal to the pixel, and the video signal is inputted into the pixel when the

switching TFT 1401IS turned on. Then, the voltage of the video signal'13 held111 the auxiliary

mpacitor'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 auxiliary capacitor 1402 is not

necessarily provided.

[0167]

A pixel shown in FIG 12B has the same pixel structure as that in FIG. 12A except for

that a TFT 1406 and a scan line 1415 are added. In the same way, a pixel shown in FIG 12D

has the same pixel structure as that in FIG 12C expect for that the TFT 1406 and the scan line

1415 are added.
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[0168]

ON and OFF of the TFT 1406 is controlled by the additionally provided scan line 1415.

When the TF1" 1406 is turned on, the charge held in the auxiliary capacitor 1402 is discharged,

thereby turning off the Current control TFI‘ 1404. In other words, by the provision of the TF1"

1406, a state can be produced compellingly in. which the current does not flow into the

light—emitting element 1405. For this reasbn, the TFI‘ 1406 can be referred to as an eraser TFI‘.

Consequently, in the structures shown in FIGS. 12B and 12D, a lighting period can be started at

the same time as or just after the start of a writing period before the writing of the signal into all-

the pixels; therefore the duty ratio can be increased.

[0169]

I In a pixel shown in FIG. 12E, the'signal line 1410 and the power sourceline 1411 are '

arranged in the column direction, and the scan line 1414 is arranged in the row. direction.
Further, the pixel includes the switching TFI‘ 1401, the driving TF1" 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 pixel

density increases, because. the TFI‘s are provided in respective pixels. ‘ Therefore, it is
considered that the active matrix light-eniitting device is advantageous. - I - .
[0171] '

Although this embodiment described the active matrix light—emitting device in which

the respective TFl‘s are provided in respective pixels, a passive Vmatrix light—emitting device-can

also be formed. Since the TFTS 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 equivalent circuit shown in FIG

125. '

[0173]

In FIG. 13, the switching TFT 1401, the driving TFT 1403, the auxiliary capacitor 1402,

and the light-emitting element 1405 are pr0vided in a pixel area 1500. Diodes. 1561 and 1562

are provided on the signal line 1410. In'the similar way to the switching TFI‘ 1401 and the

driving TFT 1403, the diodes 1561 and 1562 are manufactured based on the above embodiments,

and have agate electrode, a semiconductor layer, a sourceclectrode, a drain electrode, and the

like. The diodes 1561 and 1562 are operated as diodes by mnnecting the gate electrode with

the drainelectrode or the source electrode. .

[0174] p ‘

Common'potential lines 1554 and 1555 connecting topthe diodes 1561 and 1562 are
formed by usingI the same layer as the gate electrode. Therefore, 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 form 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. I

[0176]

, In this manner, protection diodes can be simultaneously formed- in an'input stage

according to this invention. Further, the positions of the protection .diodes are not limited to this,

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

' [0177]

A top view of a pixel portion in the case of using an equivalent circuit shown in FIG

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 TFI‘ 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 electrode of the switching TF1" 1401 and a gate electrode 40 of the driving TFT 1403

are connected electrically with each other through a contact hole formed in an insulating film in-

the same layer as the gate insulating film 42‘.

[0179]

I The auxiliary capacitor 1402 is formed by using aportioa where the gate electrode of

the driving TFI‘ 1403 isiextended, the power source line 1411, and an insulating film in the same .

layer as the gate insulating film 42.

[0180] . '
' A light-emitting region 1420 is formed in an opening portion of a partition wall 81.

The partition wall [81 is formed in the vicinity of the light-emitting region 1420, although it is not

shown. The corner portion of the light—emitting region 1420 may be rounded. By making the

corner portion of the opening 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 corner portion rounded. ‘
[0181]

h This embodiment can be combined with a suitable structure of the above embodiments
as appropriate. V i

[0182]

[Embodiment'fl

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 PIC; 16.

[0183]

FIG. 15A shows a monitor for a television receiver or a personal computer, or the like,-

including a housing 3001, a display area 3003, speakers 3004, and the like. An active matrix

diSplay device is provided in the display area 3003. Each pixel of the diSplay area 3003

includes a Semiconductor device manufactured in accordance with this inVention. By using the

semiconductor device of this invention‘with this structure, a television with less characteristic

deterioration can be obtained.

[0184] .

' FIG. 158 shows a cellular phone, including a main body 3101, a housing 3102', a display
area 3103, an audio input portion 3104, an audio output portion 3105, operation keys 3106, an

antenna 3.108, and the like. An active matrix display'device is provided in the display area

3103. Each pixel of the display area. 3103 includes a semiconductor device manufactured in

accordance with this invention. By using the semiconductor device of this invention with this
structure, a cellular phone with less characteristic deterioration can be obtained.

[0185]

FIG. 15C shows a computer, including a main body 3201, a housing 3202, a display area

3203,:1 keyboard 3204,1111 external connection port 3205, a pointing mouse 3206, and the like.
An active matrix display device13 providedin the display area 3203. Each pixel of the display-

area 3203 includes a semiconductor device manufactured in accordance with this invention. By

using the semiconductor device of this invention with this structure, a computer with less

characteristic deterioration can be obtained."

[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 disPIay

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
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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 diSpl'ay area 3402. Each pixel of the display

area 3402 includes a semiconductor device manufactured in accordance with this invention. By

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

‘ with less characteristic deterioration can be obtained.

[0188], . .

FIG. 16 showsa flexible disPIay, including a main body 3110, a pixel area 3111, a driver
1C 3112,‘a receiving device 3113,21 fiLrn buttery 3114, and the like. The receiving device can -

receive a signal from an infrared communication port 3107 of the. above described cellular 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. I -

[0189]

As set forth above, the application range of thislinvention is extremely wide, and this

invention can be applied to electronic devices in all fields.-
[0190] l ‘

The present application is based on Japanese Patent Application serial -No. 2005-329806

filed on November 15, 2005 'in Japanese Patent Office, the entire contents of which are hereby

incorporated by reference.
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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

impurity Over the first film; and

, a third film comprising the transparent semiconductor material over the second ‘film and.

the gate insulating film.

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

comprises silicon oxide or silicon oxynitride.

3. Asemiconductor 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

5 or aluminum alloy.

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

material is zinc oxide.

10 9, A-manufacturing method of a semicouductor device, comprising:

forming an insulating film over a substrate;

' forming a first film comprising a metal material over the insulating film;
forming alsecond film c0mprising a transparent semiconductor material and an n—type or

p—type impurity over the first film,

15 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 i

20' . second film and the-insulating 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.

25 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 semimnduetor material is zinc oxide.

30
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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

4 the etching of the second film is wet etching.

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

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

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

the etching of the second film is performed by dry etching.

19. A manufacturing method of the semicoaductor device according to Claim 9, wherein.

the etching of the second film is performed by dry etching using CH4 gas.

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

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

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

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

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

the etching of the first film is performed by wet etching using TMAH (tetramethylammonium

hydroxide).
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24. A manufacturing method of a semiconductor device, comprising:

forming a gate electrode over a substrate;

forming a gate insulating film over the gate electrode;

forming a first film comprising a metal material'over the gate insulating film;

forming a second film cempiising 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 semic0nductor 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 according 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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. 45 .

comprising:

forming a gate insulating film ever the third film, and

i 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 performedby dry etching using CH4 gas.1

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

wherein the etching of the first film is performed by wet etching. r

36. A manufacturing method of. the semiconductor'devi'ce according to Claim 24,.

wherein the etching of the first film is performed by wet etching using a developer for a

photoresist.

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

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

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

wherein the etching of the first film is performed by wet 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, 11a: drain electrode, first conductive 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: resist mask, 25: source electrode, 2521: source electrode, first conductive film, 25b: source '

electrode, :second conductive film, 26: drain electrode, 26a: drain electrode; first conductive film,

26b: drain electrode, second conductive film, 27: semiconductor film, 28: gate insulating film,

29: gate electrode, 30: insulting film, 40: gate electrode, gate wire, 41: auxiliarycapacitor wire,

42: gate insulating film, 45: source electrode, 45a: source electrode, 45b: source electrode, 46:

drain electrode, 46a: drain electrode, 46b: drain electrode, 47: source wire, 48: semiconductor

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

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

substrate, 62: gate wire driver circuit, 62a: shift register, 62b: buffer, 63: source wire driver .

circuit, 63a: shift register, 63b: buffer, 64: active matrix pertion, 65: semicorrductor device, 66:

liquid crystal portion, 67: auxiliary capacitor, 68: video line, 69: analog switch, 71: source wire,
72: gate wire, 73: auxiliary capacitor wire, 75: sealant, 81: partition wall, 81a: end surfaCe, 82:

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

opposing substrate, 87: protective film, 88: polarizing plate, 100: auxiliary capacitor, 1000: '

substrate, 1001: source electrode, 1002: 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:

TFI‘, 1410: signal line, 1411: power source line, 1412: power source line, 1414: scan line, 1415:

scan line, 1420: light-emitting region, 1500: pixel portion, 1554: common potential line, 1555:

common potential line, 1561: diode, 1562: diode, 1563: diode, 1564: diode, 1565: common

potential line, 1566: common potential line, 3001: housing, 3003: display area, 3004: Speaker,
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3101: main body, 3102: housing, 3102: housing, 3103: display area, 3104: audio input portion,

3105: audio output portion, 3106: operation keys, 3107: infrared communication port, 3108:

antenna, 3110: main body, 3111: pixel portion, 3112: driver IC, 3113: receiving device, 3114:

film buttery, 3201: main body, 3202: housing, 3203: display area, 3204: keyboard, 3205: external

connection port, 3206: pointing mouse, 3301: main body, 3302: display area, 3303: switch, 3304:
operation keys, 3305: infrared port, 3401: housing, 3402: display area, 3403: speakers, 3404:
operation keys, 3405: recording medium insert portion

I
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vided such that each coats at least a part of one of the source/drain elec-
trodes. The low resistance conductive thin films define a gap therebe—

3 tween. An oxide semiconductor thin film layer (3, 15) is continuously
73 formed on upper surfaces of the pair of low resistance conductive thin

films and extends along the gap defined between the low resistance con—
ductive 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

B channel width direction of the channel.
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DESCRIPTION

CROSS~REFERENCE TO RELATED APPLICATIONS

5 This application is based upon and claims the benefit of priority

from the prior Japanese Patent Application No. 2006-26320, filed on

February 2, 2006, the entire contents of which are incorporated herein by
reference.

10 , 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
15 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

20 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.

25
An oxide TFT including a semiconductor thin film layer made of zinc

oxide or magnesium zinc oxide has greater electron mobility and better TFT
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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 TFTs.

TFTs using an oxide semiconductor thin film layer, such as a bottom

gate type TFT (See, for example, Japanese Patent Publication No.

2005033172 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 example, 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. I '

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 substrate (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. 9A is a cross sectional View along line IXA'IXA 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. QB) of the low

resistance conductive thin films (110) protrudes from the outer profile of the
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oxide semiconductor thin film layer (103). 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 pm. Therefore in the conventional TFT

500, the distance D between the oxide semiconductor thin film layer 103 is

approximately 7.0 11111 (1.5 pm + 4.0 pm +1.5 pm) (see Fig. 93).

On the other hand, in manufacturing a TFT that includes no low

resistance conductive thin film, an oxide semiconductor thin film layer is

laid over the source/drain electrodes of a plurality of TFTs, and then the

oxide semiconductor thin film layer is patterned. Therefore, the Width A

required in TFT (500) according to the mask-alignment accuracy is not

necessary. Thus the width Ais 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.
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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 present

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 thin film

transistor includes a substrate, and a pair of source/drain electrodes (Le, a

source electrode and a drain electrode) formed on the substrate and'defining

a gap therebetween. Apair of low resistance conductive thin films are

provided such that each boats 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
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direction of the channel.

- The manufacturing method 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 oxide, 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 10 show the thin film transistor of the first embodiment '

of the present invention. Fig. 1A is a cross-sectional View of the thin film

transistor of thepresent inventionalong line IA~IA in Fig. 10; Fig. 1B is a

plan view of the layout of the thin film transistor according to the first

embodiment after forming source/drain electrodes and low resistance

conductive thin films; and Fig. 10 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. 23 is a cross-sectional View of the thin film transistor

according to the first embodiment after coating the oxide semiconductor

thin film layer; Fig. 20 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 crosssectional View after laminating contact parts, external .

source/drain electrodes, and a display electrode.

Fig. 3 is a crosssectional View of the thin film transistor according to

the second embodiment of the present invention.

Figs. 4Ato 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 the

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 embodirhent 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 according to the third embodiment after forming the

gate electrode and the gate insulating film on the substrate; Fig. GB 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. 7 is a crosssectional View of the thin film transistor according to

the fourth embodiment of the present invention.

Figs. 8A to 8D are cross-sectional viewsshowing steps .of the

manufacturing method of the thin film transistor according to the fourth

embodiment of the 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. BB 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. BC is a crosssectional 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 viewalong line IXA-IXA in Fig. QB; and Fig. QB is

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

DETAILED DESCRIPTION

Figs. lA-lC are Views of the TFT (100) according to the first

embodiment of the present invention. Fig. 1A is a cross-sectional View

along line IA-IA of Fig. 10. 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. 10 is a

plan View for describing the subsequent processes. Hereinafter, the first

embodiment of the present invention will be described referring mainly to

Fig. 1A, as well as Fig. 13 and Fig. lC. -

”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 herein.

refers to the up-and'dow'n direction in Fig. 10.

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. 1A, is formed on a
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substrate (1) made of glass (non-alkali glass primarily comprising $02 and

A1203). 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 source/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 conductive thin films are, etched. .

The length in the channel width direction (the up'and-down

direction in Fig. 10) 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 TFTs are

integrated as shown in Fig. 10.

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,

10
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Si and Ni. Specific examples of the alloy include, for example, TiW, TaW,

Mow, M031, AlCu, AlSi, and'NiSi. ’

The thickness of the source/drain electrodes (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 (AD; or the like. If the 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 introduced, 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 high

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 semiconductor 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 oxide semiconductor thin film layer 3 may be an

amorphous oxide semiconductor, such as an IGZO (In-Ga-Zn-O).

The oxide semiconductor thin film layer (3) covers the entire upper

surfaces of each of the low resistance conductive thin films (10). At least

side surfaces (10a) (see Fig. 10) 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 soiirce/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. 10, 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).

12
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Consequently, the space provided between the adjacent oxide semiconductor

thin films (3) according to the accuracy of mask alignment betiveen the low

resistance conductive thin films (10) and the oxide semiconductor thin film

layer (3) (widthA 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 TFT (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 layers (103). Consequently, the distance

(spacing) between the oxide semiconductor thin film layers (103) is defined

as gap B + 2 X width A (here the gap B is the width of an area determined by

the minimum resolution: 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 pm +1.5 11m) (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 (3) 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 (3) 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 equal to the gap B

(4.0 11111), 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). l

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 (3).

The gate insulating film (4) may be a silicon oxide (SiOx) film, a

silicon oxide nitride (SiON) film, a silicon nitride (SiNx) film, or a silicon

nitride (SiNx) 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 (SiNx) film that is doped with oxygen using oxygen or

compound (e.g. N20) containing oxygen. Such a doped silicon nitride film

14



10

15

20

25

WO 2007/089048 PCT/JP2007/052310

has a higher dielectric constant than silicon oxide compound (SiOx) or

silicon oxide nitride (SiON). Therefore, if the TFT (100) has a the gate

insulating film (4) made of a SiNx 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). i 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). I

The display electrode (8) is configured to apply a voltage to a liquid

crystal in a liquid crystal display Via the thin film transistor. The display

electrode (8) is formed by a conductive oxide thin film such as ah 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. 2A, 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

mm thickness is coated on the source/drain electrodes (2) and the substrate

(1) by means of magnetron sputtering. The low resistance conductive thin

film (10) is then patterned as shown in Fig. 113. In the patterning, the. low

resistance conductive thin film (10) is etched in an area ‘

(channehcorresponding 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. 213, the oxide semiconductor thin film layer (3) is

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

Ifthe low resistance conductive thin film (10) is made of zinc oxide

doped with gallium (Ga) or aluminum (Al); or intrinsic zinc oxide (2110) with

no impurity introduced, gases such as CH4, CF4, CHFs, 012, 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 CH4 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. 20. Also, the low resistance conductive thin

films (10) and the oxide semiconductor thin film layer (3) are formed to have

17



10

15

20

25

WO 2007/089048 PCT/R2007/052310

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. 10. '

Fig. 20 is a sectional View illustrating 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 (3) after

performing dry etching as described above. In the manufacturing

stage shown in Fig. 2C, etched surfaces (3b and 10b in Fig. 20) must be

formed outside the respective inner ends (20) 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 (3) using a technique and under a condition(s) that do not

reduce the resistance of the semiconductor thin film layer (3). 1

The gate insulating film (4) may be a silicon'based-insulating film

such as a silicon. oxide (SiOx) film; a silicon oxide nitride (SiON) film; a

silicon nitride (SiNx) film; or a silicon nitride (SiNx) film doped with oxygen

using oxygen or a compound containing oxygen as a constituent element.

Among these, a film of SiNx 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 dielectricconstant 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 sax:x 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

mixed gas containing NH3 and SiH4 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. 2E, contact holes areopened 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) and the like is

formed.

Fig. 3 is 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 (3) 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 (SiOx) film; a silicon oxide nitride (SiON) film;

a silicon nitride (Sle) film; or a silicon nitride (Sle) film doped With

oxygen using 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 SiNx film 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 (SiOx) 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 chemibal 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 present 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 (3) 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. 413, a first gate insulating film (41) is formed

on the oxide semiconductor thin film layer (3) with an approach 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 inask, the

first gate insulating film'(41), the low resistance conductive thin film (10),

and the oxide semiconductor thin film layer (3) 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 CH4, CF4, CHFs, 012, 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 CH4 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.

Fig. 40 shows a cross-section of a lamination comprising the oxide

semiconductor thin film layer (3), the low resistance conductive thin films

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

photo-resist. Etched surfaces (313), 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 sourceldrain 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) axle 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-lithography

process. The first gate insulating film (41) therefore prevents the surface

of the oxide semiconductor thin film layer (3) 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 portions of the source/drain electrodes (2). In

this embodiment, it is desirable to form the second gate insulating film (5)

under similar conditions to the first gate insulating film (41). i

A gate electrode (6) made of a metal film is formed on the second

gate insulating film (5). After that, external source/drain elect'rodes (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 film

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 (2(1), 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 TFT (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 entire upper

surface of the substrate (11) so as to cover the gate electrode (12).

The source/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 n+Zn0. 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 the resistance of the source/drain electrodes (14) and lower than

the resistance 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 10W 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 surfaces 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) (is, a space corresponding to widthA described above

with respect to Fig. QB) 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). I

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 be 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 sputtering 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 area -

(channel'corresponding area) that corresponds to the gap extending

between the source electrodes andthe 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 shape 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 in Fig. 6B. ‘

Aphoto-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 CH4, CF4, CHFs, Clz, 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 CH4 or a mixture of CH4 ahd 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. 60 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

(140) 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 film (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 (SiOI) film; a

silicon oxide nitride (SiON) film; a silicon nitride (SiNx) film; or a silicon

nitride (SiNx) film doped with Oxygen using oxygen or a compound

containing oxygen as a constituent element. Preferably, the overcoat

insulating film (16) is formed with a 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

(SiOx) 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 (1421) are connected to the source/drain electrodes (14) Via contact

parts (1821). 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).

7 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 manufacturing process.

The second overcoat insulating film (17) is provided for protecting

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). l

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 (SiOx) film; a silicon oxide nitride

(SiON) film; a silicon nitride (SiNx) film; or a silicon nitride (SiNx) film

doped with oxygen using oxygen or a compound containing oxygen.

30



10

15

20

25

WO 2007/089048 PCTlJI’2007/052310

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

(SiQx) 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 first] 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 (Al); or intrinsic zinc oxide (ZnO) with no impurity

introduced, gases such as CH4, CF4, CHFg, 012, 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 (20) is made of indium tin oxide

(ITO), gases such as CH4 or a mixture of CH4 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. SC 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 ’l‘FT 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 aprotective 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 between 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 therehetween;

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 lovsr 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 thin 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 éovers only a

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 according 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 having 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, each 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:

36



10

15

20

25

WO 2007/089048 PCT/JP2007/052310

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 (3) 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 electrodeifi) 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.
I

12. The method according to claim. 1, further comprisingl

forminga 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

semiconductor thin film, and the first gate insulating film, are positioned

outside the inner ends of the source/drain electrodes (2) in the channel

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 electrodel(12) over a substrate (11);

placing a gate insulating film (13) on the gate electrode 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), which

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 corresponding 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 oiride.

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 thin firm, 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.

{"95 A manufacturing method of a thin film transistor

comprising:

forming a predetermined number of pairs of source/drain electrodes

39
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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 (10, 20)

defining a gap therebetvveen 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 (3, 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 film 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 THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the benefit of priority

from the prior Japanese Patent Applications No. 2006155188 (filed on June

2, 2006), No. 2006-1551239 (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.

Description 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-Sii 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 semiconductor»

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. AVol. 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 (02) 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 2.61321 to 2.61811. In Japanese Patent Publication

No. 2005150635, 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

combined 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

2.61355 to 2.618131 based on X-ray diffraction values, which are mean values

throughout oxide semiconductor thin film layer 54. Thus, the preferable

range 2.61311 to 2.61821 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 dooz 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. 2005150635.

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. 2005150635, 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

5 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 TFT.

SUWARY OF INVENTION

10 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 invention; a semiconductor

15 device includes an oxide semiconductor thin film layer of zinc oxide. 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 a

substrate and a lattice spacing (1002 of at least 2.619A.

According to one aspect of a manufacturing method . of a

20 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

25 spacing dong of at least 2.619A.
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BRIEF DESCRIPTION OF THE DRAWNGS

Further features and advantages of the present invention will

5 become apparent from the following detailed description, taken in

combination with the accompanying drawings.

Fig. 1 is 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

10 _ (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. ZB is a cross sectional View of the thin film transistor

aftersfor—mation- of the oxide semiconductor thin film- layer and the first-gate

15 insulator; Fig. 20 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. 2E is a cross sectional View of the thin film

transistor after formation of the second gate insulator and the contact holes;

20 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;

25 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. 60 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. GE 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 crosssectional 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.

100 is a cross sectional View of the thin film transistor after patterning of

the oxide semiconductorthin film‘layer and the first overeoatinsulatofiFig‘:

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 Era-formation pressures;

Fig. 12 is a graph showing the dependency of the lattice spacing d002,

which is calculated from X'ray diffraction results, on the film-formation

pressure under difi'erent gas flow rates;

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

zinc 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 present

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-specificallyto 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-sourceldrain electrodes 2 are formed" on “substrate 1-.

Source/drain electrodes 2 are spaced apart fi‘om 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. Oxide 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 door; 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 (1002 that is in a range fi'om 2.602A to 2.60411. 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-film transistor having the structureflescrib’ed above, 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 fi'om 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 2.61913. 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 2.62511. 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~toremove '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 3 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 (SiOx) 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 6 are formed by a silicon nitride (SiN) film doped With oxygen
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using oxygen or compound (e.g. N20) 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

5 example, by means of plasma~enhanced chemical vapor deposition (PCV'D).
External source/drain electrodes 2a are respectively connected to

source/drain electrodes 2 through contact holes 5 Via contact parts 5a.

Gate electrode 7 is formed on second insulator 6. Gate electrode 7
semiconductor thin film

100.

is configured to control electron density in oxide

10 layer 3 according to the gate voltage applied to thin film transistor
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 indium-tin oxide tlTO)‘or-*
the like. It should be understood that the display electrode 8 may be

m of zinc oxide that is doped

15

formed by a low resistance zinc oxide thin fil

with dopants such as Al and Ga.

transistor 100 according to the first embodiment of the present invention

20 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 intrinsic ZnO semiconductor thin film as

25 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
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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 3 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 centrolled 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 2.61911, while the lattice spacing

dooz of single crystal Zinc oxide is in a range from about 21.692151 to 2.604l5i.

Specifically, a lower film-formation pressure results in a larger

lattice spacing (1002. In addition, ifAr and 02 are used as source gases in

forming a zinc oxide film, a lower Ar/02 flow ratio (flow ratio ofA1: to 02)

results in a larger lattice spacing dooz. Control of the lattice spacing dam

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 2.619}; 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. 20, 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; 21) 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 insulatorxzi 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 dryetched or wet-etched.
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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. It is

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 stepto‘form TFT'lOO according-to thefirstembrodiment"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 second embodiment

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

10 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

par-tswvfll-be omitted.

15 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 5a, a pair of external source/drain electrodes

20 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.

25 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 V

layers 10 are zinc oxide having (002) planes with a preferred orientation, it

is-p'ossibleito form these layers using'an identical 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 2.61913. 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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ntact layers 10 is controlled

hin film

The lattice spacing dooz of the pair of co

to be smaller than the lattice spacing dooz of oxide semiconductor t

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.

5 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 mo

contact layers 10 reduces the resistance of the pair of contact layers 10

re defects in the pair of

below the resistance of oxide semiconductor thin film layer 3. This

10 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.

Specifically, it is preferable that the lattice spacing (1002 of the pair of
contact layers -10 is 256051: or below. Contact layers 10 having a‘ lattice

15 spacing dooz of 2.60511 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 2.61911. 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

20 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.

film layer 3 is at least 2.625A. Oxide semiconductor thin film layer 3

25 having a lattice spacing (1002 of at least 2.625A has a further improved heat
resistance. Therefore, even if oxide semiconductor thin film layer 3 is
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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 6.002 of oxide semiconductor thin film layer 3 is

at least 2.62511, it is preferable that the lattice spacing dooz of contact layers

10 is 2.6191: 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

2 and oxide semiconductor thin film layer 3. Therefore, thin film transistor

200 has a high current driving capability.

If the lattice spacing-(1002 of oxide semiconducter 'thinxfilm‘ layer*3 is

at least 2.62511, 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 zinc 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. 4Ato 4E.

The pair of source/drain electrodes 2 are formed on substrate 1.

5 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

2 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

10 electrodes 2, as shown in FIG. 4A.

Referring to Fig. 4B, oxide semiconductor thin film layer 3 of zinc

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.

aThe'pair of contact layers 10 and the ordde'semiconduetor thin film ‘

15 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 3 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

20 controlled such that oxide semiconductor thin film layer 3, in the

aS'deposited state, has a lattice spacing dooz of at least 2.61945: and such that

the pair of contact layers 10, in the as-deposited state, have a lattice spacing

(1002 that is smaller than the lattice spacing dam of oxide semiconductor thin

film layer 3, in the aS‘deposited state. (See the disclosure of the preferred

25 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 filmformation 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 (1002 than

the lattice spacing of the pair of contact layers 10. In addition, ifAr and 02

are used as source gases in forming a zinc oxide film, a lower Ar/02 flow

ratio (flow ratio ofAr to 02) results in a larger lattice spacing d002. Control

of the lattice spacing dam will be described in detail in the EXAMPLES

section below.

The'oxidet semiconductor thin film layer. 3 and thespair‘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. 40, 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 and contact layers 10 experience a

heat history. As described above, the lattice spacing dooz 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.

lAfter'formation ”of first gate insulator'4', a photoresi'st 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 showu 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 onide 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 substrate 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 expose portions of source/drain electrodes 2. It is

preferable to form secondvgate 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 521. 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 above, 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 2.61955 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 t0p 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 zinc 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

s0‘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 manufacturingprocess of thin film transistorfiOO;

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

2.61911. 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 2.62513. Since semiconductor thin film layer 3

having such a lattice spacing docs). has a further improved heat resistance,

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 shovvn 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

32 are the'second regionshaving a decreasedresi‘stance: v

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

silic0n oxide (SiOx) film, a silicon oxide nitride (SiON) film, a silicon nitride
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(SiNx) film, or a silicon nitride (SiNx) 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 (Ale) 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=p-airpf source/drain electrodes 2, the'p‘azir-of source/drain-regions '32; 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 crystal

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, is at least 2.61913. Specifically, the lattice spacing (1002 may be

increased by reducing a film-formation pressure or Ar/Oz flow ratio.

1 Next, as shOWn in Fig. BB, first gate insulator 4 is formed on oxide

semicouductor 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 doog-of atleast 2619.5 and exhibits 'a‘hi‘gh‘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. For 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 door; 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 3 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. 60 shows thin film transistor 300 after the patterning of oxide

semiconductor thin film layer 3 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 6."

are dry-etched using gas such as SFe.

Fig. 6E 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 32 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 III 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 to 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. SF.

The donor—ionsmay be, for example, ions obtained—by ionizing at-

least one of hydrogen (H), helium (He), neon (Ne), argon (Ar), krypton (Kr),

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 dam of 2.60221 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

' regions 32 of (pride semiconductor thin film layer 3are~suhjectedto=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 dam; 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 2.61913; (in this example, at

least 2.62513) 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 theslaser-irradiationimay'be, for example, ultra-violetrinfi'aredg'

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 zinc .

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

ion-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 ion-doping. This is because the heat 2

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

5 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

10 - 0f~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 9 is

formed‘by-me'ansnf plasma CV1) to subjectthe pair of- source/drain regions

15 32 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

atmosphere 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

20 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

25 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 is

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‘l' and a-

lattice spacing dam 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 300 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 feurth embodiment, by contrast, etching surfacesE 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 roughnessnf etching surfacest.

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 (1002 of at least 2.61913. However, it is not necessary for

entire oxide semiconductorthin 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 (H),

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 gateelectrode 7 is positionedabcve’ oxide -.

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. V

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

2.61913.

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. Aportion 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

source/drain 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

suppresses 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 10E.

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. 100 shows

a cross section of thin film transistor 600 after the etching. Oxide

semiconductor thin film layer 3 and first overcoat insulator 11, as shown in

Fig. 100, 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.

As seen in Fig. 10]), after formation of first overcoat insulator 11,

second overcoat insulator 12 is formed. Then contact holes 5 are opened

through firstwand second overcoat insulators Hand-71210 oxide ‘

semiconductor thin film layer 3 by way of photolithography.

Oxide semiconductor thin film layer 3 is subjected 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 fimction 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» ofafihigh 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 between 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. 10(3), 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

[overlies 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 3. Aportion 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 31, 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/Oz gas flow ratios in a mixed gas of argon and oxygen as a source

gas. The three film-formation pressures were 7Pa, lPa, and 0.5Pa. The

three ArlOz gas flow ratios were 10/5, 10/15, and 10l30ccm (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
diameter of the zinc

radio-frequency power density was 2.2W/cm2.

5 X-ray difEractiOn was used to estimate the preferred orientation and

the lattice spacing of the zinc oxide films prepared under the

abovementioned nine film formation conditions. CuKal (wave length:

1.5405613) was used in the X'ray diffraction measurement.

It was confirmed that all of the zinc oxide thin films had an X'ray

10 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,

ledxsinélznx—ZJ,

15 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 (1002 of (002) lattice planes. For CuKul ray

20 used in this measurement, A=1.54056A. In this example, n=1.

Therefore, this example meets the following equation.

d =(1x1.54056)/(2xsin0).

This means that lattice spacing (1 depends on the difEraction angle 6

at which the X'ray produces difi'raction peaks. The increase in lattice

25 Spacing (1 results in 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 o'axis orientation, (1 obtained for the

zinc oxide thin films of this example is lattice spacing dooz. Lattice spacing

dooz is calculated from X-ray difEraction peak locations.

It has been reported that the lattice spacing constant 2doaz of

single-crystal zinc oxide along (002) direction ranges from 5.20413 to 5.20811.

Considering that there are two of Zn planes or 0 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 2.60211 to 2.604421.

.Fig.‘ 11 shows a change in (002) diffiractidnpeak locations of the zinc

oxide thin films with respect to different film-formation pressures. Ar/Oz

flow ratio is fixed to 10/15ccm.

In Fig. 11, curves 111, 112, and 113 respectively indicate results

when the film-formation pressure is 7Pa, lPa; and" 0251331: 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'formafion 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 dooz on

film-formation pressures according to the X-ray diffraction results obtained

for different gas flow ratios.

In Fig. 12, curves 121, 122, and 123 respectively indicate the results

when the gas flow ratio Ar/Oz is 10/5, 10/15, and 10/30ccm. The vertical

scale plots lattice spacing (1002 Whereas the horizontal scale plots

filnrformation 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 fi]m*formation pressure is or the

Ar/02 flow ratio is, the larger the lattice spacing (1002, 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.

Table. 1 ‘
 

'-34.02 2.63280

34.20 2.61964

34. 45 2. 60138

-33.93 2.63955-34.12 2.62583
 

2.60327

2.63009

2.63685

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 the 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 2.605231 (thin film 1), 2.61911 (thin film E),

262511 (thin film E), and 2.63621 (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/D sheet resistance) of the Izinc

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 (1014821111

sheet resistance) of the zinc oxide thin film in the as-deposited state.

For the zinc oxide thin filminwhich' the (002)-1at‘tice' planes havea
lattice spacing (1002 of 2.61911 (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 fl'om the resistance of the oxide semiconductor thin film in

the aS'deposited state. Aheat 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 (1002 of 2.60511.

For the zinc oxide thin film in which (002) lattice planes have a

lattice spacing dooz of 2.625131 (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 dong reduces 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 dam of at least 2.619103; that exhibits a high

heat resistance is preferably used as an oxide semiconductor thin film layer

having a high heat resistance, in the present invention. More preferably,

an oxide semiconductor thin film layer having a lattice spacing dooz of at

least'2i625ilnuis used.

It 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 2.62513; 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 2.619A 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 dooz 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 6 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 (1002 of 2.60513 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 Si02 and A1203 is

provided. Apair 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 oxide 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 SiH4+NH3+N2 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

5 dry-etched using CF4+02 gas.

After the etching of first gate insulator 4, oxide semiconductor thin

film layer 3 is wet-etched using 0.2% HN03 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,

10 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

SiH4+NH3+N2 gas:

15 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

20 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

25 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 2.60511 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 dong of 2.62513 as oxide semiconductor thin film

5 layer 3. And a thin film transistor referred to below as thin film transistor

103 was formed using a zinc oxide thin film (thin film G) having a lattice

spacing dong 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

10 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 ina bottom gate thin film transistor. » .- Use :of the- top 'rgate thin

15 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

20 101, 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.

25 As shown in Fig. 14, thin film transistor 101 including an oxide

semiconductor thin film layer having a lattice spacingdgoz of 2.6055: 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.

5 The oxide semiconductor thin film layer of thin film transistor 101

has a similar lattice spacing dooz to the lattice spacing docs of single crystal

zinc oxide and exhibits an insufficient heat resistance, as shown by curve

131 in Fig. 13. The heat history during formation of gate insulator 4

causes desorption of zinc and oxygen firom the channel region located

10 around thesurface of oxide semiconductor thin film layer 3. 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 a' lattice’spacing dam-0f 2.630101

15 rises at a gate voltage of 2V. This means that TFT 103 has sufiicient

functions as a TFT.

The drain current of TFT 102 having a lattice spacing dooz of 2.62513

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

20 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

TFT performance. The better TFT performance of TFT 102 than the TFT

25 performance of TFT 103 of a greater lattice spacing (1002 could be due to the

more advanced crystallization in thin film E (lattice spacing d002=2.625A) of
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TFT 102 than the crystallization in thin film G (lattice spacing dooz=2.68013i)

of TFT 103, referring to the comparison between the X-ray diffraction

intensities of the curve 113 (thin film D3 done—12.639230 and the curve 112

(thin film E2 dooz=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 performance 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.

Theeffect-sion the back channel change their 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 semic0nductor

element. The present invention may be useful not only in a thin film

transistor but also in other semiconductor devices. The presant 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 2.6051: and of a zinc oxide thin film (thin film H) having a lattice spacing

(1002 of 2.63613, 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, 1><1015lcm2 accelerated gallium ions with

80 keV energy were doped without heating.

The resistance oft—he zinc oxide‘thin film having a lattice spacing

dooz of 2.60511, 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 2.63613 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 2.63611

(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

250°C. The heat treatment causes a difference between the resistance of

the ion~d0ped 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 d002, it is not sufficient to dope

ions 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 (i.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 latticespacing (1502 of 2.605A,‘ a heat treatment~~at420090pr -

above results in a decrease in the resistance ofboth 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 doo2 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

1. A semiconductor device comprisingi

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

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 (3) includes (002) lattice planes

having a preferred orientation along a direction perpendicular to the

substrate (1) and a lattice spacing dooz of at least 2.61923.

3. The semiconductor device according to claim 1, 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 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 (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

to the substrate and a lattice spacing dam of at least 2.619103; and

contact layers (1'0) of zinc oxide, which are‘formed incontact 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

2.61921.
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9. The semiconductor device according to claim 7 , wherein a

portion of the oxide semiconductor thin film layer (3) 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

5 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

10 more than 2.60511.

11. The semiconductor device according to claim 7, wherein the

lattice spacing dooz of the (002) lattice planes of the oxide semiconductor

thin ~filmr'layer 9(3) is at-l’e‘ast 262513, and- the latticespacingsdbbzfi'of the (002)

15 lattice planes of the contact layers (10) is not more than 2.61913.

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 2.60511.

20

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);

25 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.

5 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)
ed orientation along a direction perpendicular

1911:

wherein the oxide semiconductor thin film layer includes a first

lattice planes having a preferr

10 - to the substrate and a lattice spacing (1002 of at least 2.6

region (31) of intrinsic zinc oxide and second regions (32) of zinc oxide doped

with ions acting as donors to zinc oxide, and

wherein the second regionshave a lowerzresistanCe than a

15 resistance of the first regions.

15. The semiconductor device according to claim 14, wherein the

entire oxide semiconductor thin film layer (3) includes (002) lattice planes

having a preferred orientation along a direction perpendicular to the

20 substrate (1) and a lattice spacing (1002 of at least 2.61913.

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

25 orientation along a direction perpendicular to the substrate and a1

spacing dooz 0f at least 2.619111.
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17. The semiconductor device according to claim 14, wherein the

lattice spacing dam; of the (002) lattice planes of the oxide semiconductor

thin film layer (3) is at least 2.62515,

5

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) ;

10 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 constitute-

15 a thin film transistor.

19. The semiconductor device according to claim 14, wherein the

ions acting as donors to zinc oxide are obtained by ionizing at least one

group III element.

20

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

25 the substrate, such that at least a portion of the oxide semiconductor thin

film layer in an as-dep0sited 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 2.61945.

21. rI'he 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 2.619151.

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 orientatiou along a

direction perpendicular to the substrate and a' lattice spacing:dm)2- ofat least

2.61923.

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 2.62513.

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 2.6193; and

depositing contact layers (10) to be in contact with the oxide

5 semiconductor thin film layer, such that at least a portion of each of the

centact 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 dooz that is smaller than the lattice spacing (1002 of the (002)

planes of the oxide semiconductor thin film layer.

10

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-,rinclude (002) lattice planes havingnrprefe‘rre’dw

15 orientation along a direction perpendicular to the substrate (1) and a lattice

spacing dong of at least 2.61921.

26. The manufacturing method of a semiconductor device

according to claim 24, wherein a portion of the oxide semiconductor thin

20 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 lattice

spacing dooz of at least 2.619A.

25
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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

2.60511.

28. The manufacturing method of a semiconductor device

according to claim 24, wherein the lattice spacing doog 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

accerding to-claim- 28,-‘wherein the lattice spacingdooz‘of-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

(3) 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 2.619A;
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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

5 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

10 ~ layer (3) in the as—deposited state'includes (002) lattice planes having a

preferred orientation along the direction perpendicular to the substrate (1)

and a lattice spacing (1002 of at least 2.61911.

32's 'The manufacturing method of--a~semicondu’ctor device

15 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

2.61911.

20

33. The manufacturing method of a semiconductor device

according to claim 30, wherein the activation treatment includes a heat

treatment.

25 34. The manufacturing method of a semiconductor device

according to claim 30, wherein the lattice spacing dong 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 2.62513.

35. The manufacturing method of a semiconductor device

5 according to claim 30, further comprising:

forming source/drain electrodes (2) coupled to the oxide

semiconductor thin film layer (3);

forming a gate insulator (4, 6); and

forming a gate electrode on the gate insulator (7);

10 — 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.

15 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.

20

37. The manufacturing method of a semiconductor device

according to claim 36, wherein the doping of the oxide semiconductor thin

film layer (3) 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

25 of the oxide semiconductor thin film layer.
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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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