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U. S. PATENT DOCUMENTS

Initials“ No.1 MM~DD-YYYY Applicant otCited Document FiguresAppear
US-7,323,368 01-29-2008 TAKAYAMA.T et al,

7 US-2007/0272922 11-29-2007 KIMC etal.

WEE/61758652 7 07-12-2007 LEE.J etal.

US-2008/0128689 7700105720078 77 LE7E77J7e7t77a7|7§77 77

US-7,298,084 11-20-2007 BAUDEP et al.

US-6,532,045 03-11-2003 CHUNGJ et al.

US?27007/0170844677777777777 05-17-2007 AKIMOTO.K

US-2007/00724397777 77 7 7 08-72797-200777777 ARWBTolR77ét7a77i77"

us-5,847,410 12-08-1998 NAKAJIMA.S

US-s,588,34e 07-01-2003 YAMAZAKI.S et al.

7US-2003/0189401 10-09-2003 KIDO.J et al.

US—6,§76757,7787i72 77 77 7 7 771717-0717-7720770577777 7yAuAiAki7ls7éiéi.777

US-6,727,522 04-27-2004 KAWASAKIM et al. 7
US-7,061,014 06-13-2006 HOSONOH et al.

7usléoo78/770279767568 12—04—2008 RYUM et al,

us-2008/0308780767777 7 7 7 172-178;727l)76l§7777777AKlit/IOTO7.7K77e7t77a7I7777
US—2008/0308805 12-18-2008 AKlMOTO.K et al.

US-2008/0308804 12-18-2008 AKIMOTO.K et al.

7u'S7-72008708707879777"""" 12—18—2008 AKlMOTO.K et al.
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JP-2007-123861A 05-17-2007

JP-2007—096055A 04-12-2007

JP-03-231472A

lib-20004 509007A77 7 7 7

JP-2004-103957A 7 777777 7 7
JP-11-505377 05-18-1999

Examiner Date
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*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. 1 Applicant‘s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.govor MPEP 901.04. 3 Enter Office that issued the document. by the two-letter code (WIPO Standard 8TB) 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document 5 Kind ofdocument by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible, 6 Applicant is to place a check mark here if English language Translation is attached

 

 
 

 

 

 
This collection of information is required by 37 CFR 1197 and 1,98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U,S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTOt Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark Office, PO Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.
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US-2008/0308796 12—18—2008 AKIMOTO.K et al,

' ' US—2009/0008639 01-08-2009 AKIMOTO.KetaI.W ' '

us-2007/01'72601W 07-26-2007 SE0.0 et at

US-2007/0187760 ’ 7 ’ "’05-'1'6-2007 FURUTA.M etal.

US-2008/0203387 08-28-2008 ' KANCJD‘e‘tWaI. ' ’

 
  

  

 

US-2009/0065777771" fl 03—12-2009 IWASAK|.T et al.
 

us-7,301,’211” '7 11-27-2007 YAMAZAKI.S etal.
US-2006/0244107 ' ’7 7’ "11-02-2006 SUGIHARA.Tetai.

us-5.744,864 04-28-1996 CILLéssENI'JétéL
US-2010l0025678 02-04-2010 YAMAZAKl.S et al.

[is-7.674(660W 03-09-2010 AKIMOTO.K et a1.

[is-6,563,173 WW 05-13-2003 KAWASAKIM etal.
us-2007/o152217 07-03-2007 " W ’7 ’
US-2006/0035452 02-16-2006

US—2004/0127038 07-01-2004 CARCIAP et al.

'u'§-200W00'1é'2358 ” 07-31-2008 COWDERY—CORVANP et al.

US-2006/O292777 1220-20667 00mm W
US-2007/0187678 08-16-2007 HIRAO.T et al.

D's-2000028? 72 12-21-2006 ISHII-H
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Initials” No‘ a 4 5 MM-DD-YYYY Applicant of Cited Document Re'eva'“ Passages °r Re'evam F'gures T6. ~ Country Code -Number -Kind Code (if known) Appear

JP-08-264794A 10-11—1996

JP-2007-250983A 09-27-2007 Abst.

WO-2007/119386 10-25-2007 Eng.

J15305-26'1705A ' 09-28—1993 Full

wo-2004/114391 ”1"2-29-20024' ' """""""""" ' Abst.

JP-2003-086000A 03-20-2003 7' Full

”——Signature Considered

‘EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. include copy of
this form with next communication to applicant 1 Applicant‘s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents atwwwusgtogov or MPEP
901.04. 3 EnterOffice that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor
must precede the serial number of the patent document 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6
Applicant is to place a check mark here if English language Translation is attached.

  

 

  

 

 

 
 

  

 

This collection of information is required by 37 CFR 197 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary depending upon the individual case, Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, US, Patent and Trademark Office, PO, Box 1450, Alexandria, VA 22313—1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800—PTO-9199(1-800-786-9199) and select option 2.
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US-7,385,224 06-10-2008 |SHII.H et al.

  
 
 

  
 

 
 

  

 
  

 
 

 
(Use as many sheets as necessary)
 
 

 

03-2008/0129195 06-05-2008 ISHIZAKIM et al.

Lie-2003310265139 ' ' "10-23-200‘8 " 116.111 etalt ” " "
US-2007/0252928 11-01-2007 ITO.M et al.

US-7,501,293 03-10-2009 ITO.Y et al.

US-7,064,346 06-20-2006 KAWASAKIM et al.

US-2008/0106191 " ””“osias-z’dos' VVKAWATSETT "

US-5,731.856 03-24-1993 KIMD et al.
US—2006/0231882 10-19-2006 KlM.l et al.

us-2008/0258143 10-23-2003 KIMS et al.

US-2008/0166834 07-10-2005 '
US-2006/0238135 10-26-2006 KlMURA.H

US-2006/0208977 09—21-2006 KIMURA.H

US—2009/0073325 03-19-2009 KUWABARAH et ai.

D's-200020066???W" ” Woe-12300?"’ '

US-2008/0258140 " LEE.E et al.

US-7,402,506 07-22—2008 LEWD et ai.
US—2006/0284171 12-21-2006 LEVY.D et al.

US-2009/0152541 ' " 7 " '7 706-178-20709'7'” MAEKAWAQS ét at.
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Examiner Cite Foreign Patent Document Publication Date Name of Patentee or ggiii’nfgggzg23:66:;. . , 1 . .

Initials No. Country Code3 -Number‘ -Kind Code5 (if known) MM—DD—YYYY Applicant of Cited Document Figures Appear
JP-2003—086808A 03-20-2003

JP-2002-289859A 10-04-2002

JP-60-198861A 10-08-1985

’JE-eeE’1’0022X777"Wfififi7’ ’be-B’i-Tesé’
JP-63-210023A 08-31-1988

JP-63-210024A 08-31-1988

Examiner Date

Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered Include
copy of this form with next communication to applicant, 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.usgto.govor MPEP 901,04, 3 Enter Office that issued the document, by the two—letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

 

 
 

 

 

 
This collection ofinformation is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, Including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark Office, PO. Box 1450, Alexandria, VA 22313—
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1—800‘F’TO—9199 (1-800786—9199) and select option 2,
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STATEMENT BY APPLICANT ShunpeIYAMAZAKl
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Jereva-Joy
0756-10566

U. S. PATENT DOCUMENTS

Examiner Cite Document Number Publication Date Name of Patentee or :::N:nfg:g22‘elslrostIXI/erv:r:t. . 0: 1 _

m't'a's NO- Number-Kind Codezoikncwni MM- DD-YYYY Applicant of Cited Document Figures Appear
US-2008/0050595 02-28-2008 NAKAGAWARA.0 et al

US-7,105,868 09-12-2008 NAUSEJ et al 7
US-2002/0056838 05-16-2002 OGAWA. K

7US-2002/O132454 09-19-2002 OHTSU.s at al

Lie-720080088980 777" 7 7 7 7 ' 7 770410200877 7 PAN.AeI 7aI.
us-2008/0258141 10-23-2008 PARK.J et al.

US-2008/0224133 09-18-2008 PARK.J et al.

0520090184999 05-28-2009 SAKAKURAM et al.
03-7211825 77 7 7 0501-2007 SHIH. Y et al.
us-2007/0024187 02-01-2007 SHIN. HWéIal
US-2001/0046027 11-29-2001 TAI.Y et al.

us-2008/0088882 02-14-2008 TAKECHI. K et al.
03-7049, 1907 7 7 7 77705-282008 7 7TAKIE70A7K7e7I7a7IT7 W
us-2004/0038448 02-26—2004 TAKEDA.K et al.

US-2006/0228974 10-12-2006 THELSSS et al.

7US-2006/O113565 06—01-2006 ABE.K et al.

  

   
  
  

   

 

 
 

 

 

 
 

 

 

 

 

 

Us-2009/01 14910 7 77 7 7 7 05-07-2009 7 76HAN7G7677
us-2008/0038929 02-14-2008 CHANG.C

US-2007/0287296 12-18-2007 CHANG.C

 

 

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Publication Date Name of Patentee or £2232:Egggg'eggfixgi. . , .

Initials“ No, Country Code3 -Number‘ -Kind Code5 (if known) MM7DD7YYYY Applicant 0f Cited Document Figures Appear
09-08- 1988

-289117A 710-05- 1988 7 7
JP-63-265818A 11-02-1988

EP-2226847A 09-08—2010

EP-1737044A 12-27-2008

JP2000-04472788A77 7 7 7777770215-2000

Examiner Date

Signature Considered

*EXAMINER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes chSPTO Patent Documents at
www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two—letter code (WIPO Standard STS). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation ls attached.

 

 

 

 
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark Office, PO Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800—786-9199) and select option 2.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

   
 
  

 

  
 

(Use as many sheets as necessary)

U. S. PATENT DOCUMENTS

. . DocumentNumber , . Pages, Columns, Lines. Where

Re'eva”‘-Ei?::ie:-:;Te'e”a“‘
US-2006/0113549 06-01-2006 DEN.T et al.

us-7,411,2o9 08-12-2008 ENDO.A et al.

Wqu-2007W/0090665WW 04-26-2007

US—7,453,087 W W' W W 11-16-2003
US-2008/OO73653 03-27-2008 |WASAK|.T

US-7,468,304 12-23-2003 KAJi.N et al.
us-2007/0054507 03-08-2007 KAJi.N et ai.

LWJWsW-2Wt366W/071W3W5WEJ6W W W W W W 06-01-206W6WWW WkWWUWMWOWitW/WIWIWFiWeWtWaI.WW

us-2oo7/0046191 03-01-2007 SAITO.K W W W W
US-2006/O108529 05-25-2006 SAITO.K et al.

US-2006/0113539 06—01—2005 SANOM et al.

 

 

  

 

 

 

 

 

 

uWS-2006/01086W3W6WWW W W W 0525-2666 WWWSANOM etai. W
us-2007/0052025 03-08-2007 YABUTA.H

US-2006/O110867 05-25-2006 YABUTAH et al.

0320050169959 09-15-2005 CHIANGH eta};

 

 

us-2005/0017302 W 01W-27-2W005WWWW HOFFMANR W

US-7,462,862 12-09-2008 HOFFMANR et al.
US-2006/OO43377 03-02-2006 HOFFMANR et al.

11-20-2007 HOFFMANR et al.

 

 

 

 

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Publication Date Name of Patentee or Pages, Columns, Lines, Where
I 't' I , , MM DD YYYY A l‘ t fC't d D e t Relevant Passages or Relevant T“
”I la 5 NO' Country Code: -Number‘ —Kind Code5 (if known) W ‘ PP Ican 0 I B ocum n Figures Appear

JP-2002-O76356A 03-15-2002

JP-2004—273732A 09-30-2004

JP—2004—273614A 09-30-2004

EWRi-1W0W1W266444AWWWWWWW

wo-2007/053329 W W W W W W WW W W
JP-2008-205451A 09-04-2008

Examiner Date

Signature Considered

‘EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered Include
copy of this form with next communication to applicant, 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.uspto.gov or MPEF' 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
VVIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached

 

 

 

 

 
This collection ofintormation is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application, Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, PO. Box 1450, Alexandria, VA 22313-
1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1460, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 (1—800-786—9199) and select option 2.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

  
   
 
 

  

(Use as many sheets as necessary)

U. S. PATENT DOCUMENTS

Examiner Cite D°°ument Number Publication Date Name of Patentee or :{jfiznfggggzagxig’l‘ggfi
‘ ' ’ 1 . .

'nmals Nov Number_Kmd Code: or known) MM<DDuYYYY Applicant of CIIed Document Figures Appear
US-2008/0254569 10-16-2008 HOFFMANR et al.

US-2006/01W0709W2W 09-07-2006 HOFFMANR et al.

US—7.282.782 10-16—2007 W HoWiEFii/iléiixinét at. W W W
US—2008/0006877 01—10-2008 MARDILOVICHP et at.

uS—200370W21W23W2W22 11-27—2003 WAGER mu et al.

us-2009/0200600 WW WWWWW11-12-2009 HOSONO.H et al.

US-2009/0278122 11-12-2009 fiEébWNoH et ai.
us-2007/0194379 08-23-2007 HOSONOH et al.

usliézsese 01—29-2008 HOSONO.H et al.

WquWlWé.W29?4.2W74WW W 09-25—2001 KAWAZOE.H et al.

US—7.453.065 WW W1W1W-W1WéW-W2008W WW WsWAWiWToK et al.

US-7.732.819 06-08-2010WWW W W
US-2006/0170111 08-03-2006 ISA.T et al.

  
 

 

 
  

 

 

 

 
  

 

 Annorok at al.
 

03420000109973 08—03—2006 ISA.T et al.

US-2009/0152506 W W W0641s-200W0WWWWW WlWJWWMEWDAW.K et al.

US-2010/00928OO 04—15—2010 lTAGAKi.N et aT.

usW—W2010/0109002 05-06-2010 lTAGAKl.N et al.

US—2010/00658W44W WW 03-18-2010 TOKUNAGAK

  

 

 
 

US-2005/OO56897 can-2005 W W KAWASAKiiiW/Wi et al.

FOREIGN PATENT DOCUMENTS

. . .. 1 , .

initials No. Country Code: _Number-t -Kind Codes (if known) MM-DD-YYYY Applicant of Cited Document Figures Appear

JP—2000-223049A 08—18—2005 Abst.

JP-O7—O64112A , 013-7177049957 Abst.

 
  

 

 

 

 
Examiner Date

Signature Considered

*EXAMINER: Initial if reference considered. whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at
www.csgtogov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under
WlPO Standard 81116 if possible. 6 Applicant is to place a check mark here it English language Translation is attached.

This collection ofinformation is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete. including gathering. preparing.
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer. US. Patent and Trademark Office. PO. Box 1450. Alexandria. VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450, Alexandria, VA 22313-1460.

If you need assistance in completing the form, call 1-800—PTO-9199 (1-800786—9199) and select option 2.
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Attorney Docket No. 0756-10566

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Confirmation No. 5776)

Shunpei YAMAZAKI et al. )

Serial No. 14/451,680 )

Filed: August 5, 2014 )

For: SEMICONDUCTOR DEVICE )

AND MANUFACTURING )

METHOD THEREOF )

PRELIMINARY AMENDMENT

Honorable Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Please consider the following amendments and remarks in connection with the

above-identified application.

Amendments to the Claims are reflected in the listing of claims, which begin on

page 2 of this paper.

Remarks begin on page 6 of this paper.
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The listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Canceled)

2. (New) A semiconductor device comprising:

a glass substrate;

a gate electrode over the glass substrate;

a gate insulating film over the gate electrode;

a source electrode and a drain electrode over the gate insulating film; and

an oxide semiconductor film in contact with the source electrode and the drain

electrode,

wherein a side surface of the source electrode faces a side surface of the drain

electrode, and

wherein each of the side surface of the source electrode and the side surface of

the drain electrode has a step in a lower end portion thereof.

3. (New) The semiconductor device according to claim 2, wherein the oxide

semiconductor film is positioned on the source electrode and the drain electrode.

4. (New) The semiconductor device according to claim 2, wherein the source

electrode and the drain electrode are in contact with the gate insulating film.

5. (New) The semiconductor device according to claim 2, wherein the oxide

semiconductor film comprises indium, gallium, and zinc.

6. (New) The semiconductor device according to claim 2,
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wherein a first angle of the step that is made between the side surface of the

source electrode and an upper surface of the glass substrate is greater than or equal to

20° and smaller than or equal to 90°, and

wherein a second angle of the step that is made between the side surface of the

drain electrode and the upper surface of the glass substrate is greater than or equal to

20° and smaller than or equal to 90°.

7. (New) The semiconductor device according to claim 2, comprising:

a first buffer layer between the oxide semiconductor film and the source

electrode; and

a second buffer layer between the oxide semiconductor film and the drain

electrode,

wherein each of the first buffer layer and the second buffer layer has lower

resistivity than the oxide semiconductor film.

8. (New) A display device comprising:

a pixel portion comprising:

the semiconductor device according to claim 2; and

a display element electrically connected to one of the source electrode and the

drain electrode.

9. (New) The display device according to claim 8, wherein the display element

is a liquid crystal element.

10. (New) The display device according to claim 8, wherein the display element

is a light-emitting element.

11. (New) A semiconductor device comprising:

a glass substrate;
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a gate electrode over the glass substrate;

a gate insulating film over the gate electrode;

a source electrode and a drain electrode over the gate insulating film; and

an oxide semiconductor film in contact with the source electrode and the drain

electrode,

wherein a side surface of the source electrode faces a side surface of the drain

electrode,

wherein each of the side surface of the source electrode and the side surface of

the drain electrode has a step in a lower end portion thereof,

wherein each of the source electrode and the drain electrode comprises a first

layer and a second layer, and

wherein the first layer and the second layer comprises different material from

each other.

12. (New) The semiconductor device according to claim 11, wherein the oxide

semiconductor film is positioned on the source electrode and the drain electrode.

13. (New) The semiconductor device according to claim 11, wherein the source

electrode and the drain electrode are in contact with the gate insulating film.

14. (New) The semiconductor device according to claim 11, wherein the oxide

semiconductor film comprises indium, gallium, and zinc.

15. (New) The semiconductor device according to claim 11,

wherein a first angle of the step that is made between the side surface of the

source electrode and an upper surface of the glass substrate is greater than or equal to

20° and smaller than or equal to 90°, and
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wherein a second angle of the step that is made between the side surface of the

drain electrode and the upper surface of the glass substrate is greater than or equal to

20° and smaller than or equal to 90°.

16. (New) The semiconductor device according to claim 11, comprising:

a first buffer layer between the oxide semiconductor film and the source

electrode; and

a second buffer layer between the oxide semiconductor film and the drain

electrode,

wherein each of the first buffer layer and the second buffer layer has lower

resistivity than the oxide semiconductor film.

17. (New) A display device comprising:

a pixel portion comprising:

the semiconductor device according to claim 11; and

a display element electrically connected to one of the source electrode and the

drain electrode.

18. (New) The display device according to claim 17, wherein the display

element is a liquid crystal element.

19. (New) The display device according to claim 17, wherein the display

element is a light-emitting element.
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REMARKS

Claim 1 was pending in the present application prior to amendment. The present

Preliminary Amendment is submitted to cancel claim 1 and add new claims 2—19 to

recite additional protection to which the Applicant is entitled. Accordingly, claims 2-19

are pending in the present application, of which claims 2 and 11 are independent.

No new matter has been added. Examination on the merits is requested.

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 1.2.0'(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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AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 OFR1. 16(i))
Independent

(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

* lfthe entry in column 1 is less than the entry in column 2, write ”0” in column 3.
** lfthe ”Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter ”20”.

*** If the ”Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter ”3”.
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, ViJgLnia 22313-1450wwwusptogov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

 
 
   

14/451,680 08/05/2014 2812 1600 0756-10566 1 1

CONFIRMATION NO. 5776

31780 FILING RECEIPT

Robinson Intellectual Property Law Office, P.C.

3975 Far Ridge Drive llllllllllllllllllllllIIIIIIIIIIJIIIIJIIIIJIIIIIIII111111311111lllllllllllllllllllllll
Suite 20 North

Fairfax, VA 22033

Date Mailed: 08/13/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

lnventor(s)

Shunpei YAMAZAKI, Setagaya, JAPAN;

Kengo AKIMOTO, Atsugi, JAPAN;
Daisuke KAWAE, Yamato, JAPAN;

Applicant(s)

Semiconductor Energy Laboratory Co., Ltd., Atsugi-shi, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 31780

Domestic Priority data as claimed by applicant

This application is a CON of 13/763,874 02/11/2013 PAT 8803146
which is a CON of 12/613,769 11/06/2009 PAT 8373164

which is a CON of 12/606,262 10/27/2009 ABN

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2008-287187 11/07/2008

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices

(PTO/SB/39 or its equivalent) has been received by the USPTO.

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual

property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to

Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt

to electronically retrieve these priority documents.

page 1 of 3
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If Required, Foreign Filing License Granted: 08/13/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 14/451 ,680

Projected Publication Date: 11/20/2014

Non-Publication Request: No

Early Publication Request: No
Title

SEMICONDUCTOR DEVICE

Preliminary Class

438

Statement under 37 CFR 1.55 or 1.78 for NA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/generaI/index.htmI.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the US. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for

business investment, innovation, and commercialization of new technologies. The US. offers tremendous resources

and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to

promote and facilitate business investment. SelectUSA provides information assistance to the international investor

community; serves as an ombudsman for existing and potential investors; advocates on behalf of US. cities, states,

and regions competing for global investment; and counsels US. economic development organizations on investment

attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1 -202-482—6800.
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PTO/AIA/lS (03—13)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Pa-erwork Reduction Act of 1995 no oersons are re uired to resend to a collection ofinformation unless it disla s a valid OMB control number

UTILITY Attorney Docket No. 0756-1 0566

PATENT APPLICATION

TRANSMITTAL

{On/yfor new nonprovisianal applications under 37 CFR 1.53(b)) Express Ma” Label NO'—
APPLICATION ELEMENTS Commissioner for Patents

See MPEP chapter 600 concerning utility patent application contents. ADDRESS T0 P-O- BOX 1450
Alexandria, VA 22313—1450

:] FESTransmItta' F°"" ACCOMPANYING APPLICATION PAPERS(PTO/SB/17 or equivalent)

Applicant asserts small entity status. 10- I:I Assignment Papers
See 37 cm 1.27 (cover sheet & document(s))

Name of Assignee

 
 

Applicant certifies micro entity status. See 37 CFR 129,
Applicant must attach form PTO/SB/lSA or B or equivalent,

Specification [Total Pages 78 ] . I: 37 CFR 3.73(c) Statement Power of Attorney
Both the claims and abstract must start on a new page, (when there is an assignee)
(See MPEP § 608.01(a)for information on the preferred arrangement)

 
  

 
 

. English Translation Document
Drawing(s) (35 u.s.c.113) [Total Sheets 37 l (ifapp/icable)

  
 

. Inventor's Oath or Declaration [Total Pages 6 ] , Information Disclosure Statement
(including substitute statements under 37 CFR 164 and assignments (PTO/SB/08 or PTO~1449)
serving as an oath or declaration under 37 CFR 1.63(e))

 
 

  Copies of citations attached
  

, :| Newly executed (original or copy) Preliminary Amendment
  

 . ./ A copy from a prior application (37 CFR 1.63(d)) Return Receipt Postcard
Application Data Sheet * See note below. (MPEP § 503) (Should be specifically itemized)
See 37 CFR 1.76 (PTO/AlA/14 or equivalent)

   
. Certified Copy of Priority Document(s)

CD—ROM or CD-R (ifforeign priority is claimed)
in duplicate, large table, or Computer Program (Appendix)

 

Nonpublication Request

I: Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35
. Nucleotide and/or Amino Acid Sequence Submission or equrvalent.

(if applicable, items a. — c. are required) - Other:

3, :| Computer Readable Form (CRF)
b. Specification Sequence Listing on:

'. I: CD—ROM or CD~R (2 copies); or
D Paper

c. Statements verifying identity of above copies

 

  
 
  
 

     
*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).

(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 31780 OR '3 Correspondence address below

Name Robinson Intellectual Property Law Office, PC.

Address 3975 Fair Ridge Drive, Suite 20 North

on see 22033

Country Telephone 571434—6789 -erobinson@rip'o-wm

Signature WQWW August 5, 2014
Na me Registration No.

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

ifyou need assistance in completing thefarm, call 1-800-PTO—9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is

35 U.S.C. 2(b)(2); (2) furnishing 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(0)).
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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PTO/AlA/96 (08»12)
Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to res-0nd to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 333(0)

Applicant/Patent Owner: Semiconductor Energy Laboratory 00., Ltd.

 

 

Application No./Patent No.: Filed/issue Date: AUQUSt 5’ 2014

Titled, SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Semiconductor Energy Laboratory Co., Ltd. a corporation

  

 

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

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

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

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

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

 

  
There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire

right, title and interest are:

 

 

 

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

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

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

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

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose 29g of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel 023562 , Frame 0270 , or for which a copy
thereof is attached.

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

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

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

2. From: To:

 

 

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

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

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, US. Patent and Trademark
Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call I —800—PTO—9E§JEi—Iu?ye§§cllz’éw%ii Eggzaéggglgflgg
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PTO/AlA/Qe (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Pa-erwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73mi

To: 

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

Reel , Frame

To:
 

, or for which a copy thereof is attached.

 

 

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

Reel , Frame

To:

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

Reel , Frame
 

To: 

, or for which a copy thereof is attached.

, or for which a copy thereof is attached.

 

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

Reel , Frame

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

 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

, or for which a copy thereof is attached.

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the

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

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

,_ F
 

. Signature”
Eric J. Robinson

Printed or Typed Name

August 5, 2014 

Date

 
Reg. No. 38,285 

[Page 2 of 2]

 
Title or Registration Number 
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93—579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35

U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the 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.

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

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

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

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

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(0)).

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

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA

regulations governing inspection of records for this purpose, and any other relevant (i,e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

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

publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the

public it the record was filed in an application which became abandoned or in which the proceedings were
terminated and which applicationIs referenced by either a published application, an application open to
public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 354 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 355 of 490

PTO/AlA/BO (D742)
Approved for use through 11/300014. OMB 0651—0035

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke al previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73 c .

I hereby appoint:

I Practitioners associated with Customer Number:I 31780
OR

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

Number

 

  
 

 

  
 

  
  Registration

       
 

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

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.7 3(a) to:

M The address associated with Customer Number. 31780
OR

Firm or
Individual Name

 
 

 

     

 

 

 
 

 

Address

 
  
 

Country

Assignee Name and Address SEMICONDUCTOR ENERGY LABORATORY co" LTD393. HASE. ATSUGl—SHI
KANAGAWAKEN 243-0036
JAPAN

 
 
 
 

 

 

   

 
 

 
 

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

The individual whose signature and titleIs suppIIed belowIs authorized to act on behalf of the assignee

m

This collection of information"Is required by 37 CFR 1 ..31 1.32 and 1.33. The information ls required to obtain or retain a benefit by the public whichIs to file [and
by the USPTO to process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete. including gathering, preparing, and submitting the completed application form to the USPTO. firm: will vary depending upon the individual case. Any
comments on the amount at time you require to complete this form and/or suggestions tor reducing this burden. should be sent to the Chief Information Officer.
U.S. Patent and Trademark Office. U.S. Department of Commerce. PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES 0R COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commlssloner for Patents, PO. Box 1450, Alexandria, VA 22313—1450.

 

  
  

lfyou need assistance in completing the form, call 1-800—PTO—91 99 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35

U.S.C. 2(b)(2); (2) furnishing ofthe information solicited is voluntary; and (3) the principal purpose for which the
information is used by the 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.

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required

to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

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

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

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

Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency”5
responsibility to recommend improvements in records management practices and programs, under

authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e.. GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the

public if the record was filed in an application which became abandoned or in which the proceedings were .
terminated and which application is referenced by either a published application. an application open to
public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law

enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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_ _ Attorney Docket Number 0756-10566
Application Data Sheet 37 CFR 1.76

 

Application Number

Title of Invention SEMICONDUCTOR DEVICE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

   

  
Secrecy Order 37 CFR 5.2

CI Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

 

 

Prefix Given Name Middle Name Family Name Suffix

Residence Information (Select One) 0 US Residency (9 Non US Residency 0 Active US Military Service

City Setagaya Country of Residence i I JP

 
  
 

Mailing Address of Inventor:

Address 1 6/0 Semiconductor Energy Laboratory Co., Ltd.

Address 2 398, Hase

City Atsugi-shi, Kanagawa-ken StatelProvince

Postal Code 243—0036 JP

Inventor 2

Legal Name

Prefix Given Name Middle Name Family Name Suffix

Kengo AKIMOTO

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

 

Mailing Address of Inventor:

Address 1

Address 2

  
 

 

 

c/o Semiconductor Energy Laboratory Co., Ltd.

Atsugi—shi, Kanagawa-ken StatelProvince

Postal Code 243—0036 JP

Remove
Inventor 3

Legal Name
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 _ _ Attorney Docket Number 0756-10566
Appllcatlon Data Sheet 37 CFR 1.76

Application Number

 
 

Title of Invention SEMICONDUCTOR DEVICE

Prefix Given Name Middle Name Family Name Suffix 

Daisuke KAWAE

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

Cit” _°““*”’”Residemei JP

Mailing Address of Inventor:

Address 1

Address 2

 
 

 

c/o Semiconductor Energy Laboratory Co., Ltd.

Atsugi—shi, Kanagawa-ken Statel'Province

Postal Code 243—0036

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

generated within this form by selecting the Add button.

 

   
Add

 

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a). 

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

Customer Number 31780 

  
Email Address erobinson@riplo.com I Add Email 

Application Information:

 
 
 

SEMICONDUCTOR DEVICE

0756-10566

Nonprovisional

Title of the Invention

  

 
 

Attorney Docket Number Small Entity Status Claimed |:| 
Application Type
  

Subject Matter Utility

Total Number of Drawing Sheets (if any) 3? Suggested Figure for Publication (if any)

Filing By Reference:

 

 

Only complete this section when filing an application by reference under 35 U.S.C. 1 11(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate sectionIs) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information").

For the purposes of a filing date under 37 CFR I.S3(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country i
filed application
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 Attorney Docket Number 0756-10566
Application Data Sheet 37 CFR 1.76

Application Number

 
 

Title of Invention SEMICONDUCTOR DEVICE

Publication Information:

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

 

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

El 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

  
 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

 

Please Select One: @ Customer Number 0 us Patent Practitioner 0 Limited Recognition (37 CFR11_9)

 Customer Number 31780

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage

entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required

by 35 U.S.C. I 19(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Continuation of 13763874 2013-02-11

   
 

Prior Application Status Patented

Application . . Prior Application Filing Date Issue Date
Number Conttnutty Type Number (YYYY-M M-DD) Patent Number (YYYY-MM-DD)

13763874 Continuation of 12613769 2009-11-06 8373164 2013-02-12

Prior Application Status Abandoned

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

12613769 Continuation of 12606262 2009-10-27

Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

 
  
Foreign Priority Information: 
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 Attorney Docket Number 0756-10566
Application Data Sheet 37 CFR 1.76

Application Number

 
 

Title of Invention SEMICONDUCTOR DEVICE

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U_S_C_ 119(b) and 37 CFR 1.55(d)_ When priority is claimed to a foreign application

that is eligible for retrieval under the priority document exchange program (PDX) ithe information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PBX program, applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

 

_

   
 

 Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable)
2008-28718? JP 2008-11-07

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

 
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

 
This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

|:| 16, 2013.
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AIA.
  
 

Authorization to Permit Access:

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

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 360 of 490EFs Web 2.2.11



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 361 of 490

PTO/AIN14 (12-13)
Approved for use through 0181/2014. OMB 0651-0032

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

 

 

  
 

 

 Attorney Docket Number 0756-10566
Application Data Sheet 37 CFR 1.76

Application Number

 
 

Title of Invention SEMICONDUCTOR DEVICE

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application
is filed access to the instant patent application. See 37 CFR 114(0) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as—filed; 2) any foreign application to which the instant patent application
claims priority under 35 U.S.C. 119(a)—(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any US. application—as—filed from which benefit is

sought in the instant patent application.

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

  
Applicant Information:

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

Applicant 1

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

0 Legal Representative under 35 U.S.C. 117 0 Joint Inventor

O Person who shows sufficient proprietary interest

  
   0 Person to whom the inventor is obligated to assign.

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

Name of the Deceased or Legally lncapacitated Inventor::|
If the Applicant is an Organization check here.

Organization Name Semiconductor Energy Laboratory Co., Ltd.

Mailing Address Information:

 

  

 

 

Address 1 398, Hase

Address 2

City Atsugi-shi, Kanagawa-ken State.IProvince

Phone Number Fax Number
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 _ _ Attorney Docket Number 0756-10566
Appllcatlon Data Sheet 37 CFR 1.76

Appllcatlon Number

 
 

Title of Invention SEMICONDUCTOR DEVICE

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. Add

  
Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to

have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee—applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. |:| 

Prefix Given Name Middle Name Family Name Suffix  
Mailing Address Information For Assignee including Non-Applicant Assignee:

 
 

Address 1

Address 2 

 

 

 

 
 

 

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by. Add
selectIng the Add button.

 
  

 
 

Signature:

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

Eric J. Robinson/ Date (YYYY-MM-DD) 2014-08-05

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

Signature

 First Name
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_ _ Attorney Docket Number 0756-10566
Appllcatlon Data Sheet 37 CFR 1.76 _ _

 Title of Invention SEMICONDUCTOR DEVICE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the 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.

Privacy Act Statement

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

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 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 ofa patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

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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ElaE—f—sy—HN CFR1.76)Ef€of:¥fiiL‘LUEEEEE‘IEEEEEQY CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET

(37 CFR 1.76

fififiwfiifi
Title of SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Invention
 

‘FiflfifilE‘GE/Sfltii. OEODCEfiTEEEE-LETD
As the below named inventor, I hereby declare that:

IPEEI: fgglrtéh'ct‘é. team:
This declaration D . .
is directed to: The attached application, or

*IEIEEE. EON: IZCHIIEEI’LT: PCT IIE‘EEEE tbfdfififiéfltuéimlf‘fitl‘oht '

I MEET,United States application or PCT international application number 13/763 874 filed on Februag/ 11 2013, and
amended on May 7 2013.

.tEBUDIflLTEIfiAEE. 3736L‘lflAI‘fi’fEIE’EIEEL/ttd)l:J:o'CITb7I‘LT:1E/UDFEn
The above-identified application was made or authorized to be made by me.

WIREdilfifiEEiJIZEEbh/BEEEEOJEWE. E6L\li£t£t0)é¥fiflfiflfi%“fix
I believe that I am the original inventor or an originaljoint inventor ofa claimed invention in the application

IKEEEl:BL‘THEI:E%W$L4TETTOT:1%§IK 18 US C 1001 1: J1“) EEEELIIiEE £(5)£IEUJEIIIIL fiéhli-Ewfifilzxégfifiuwfi
EHJZDCEEE’MOE?
I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

E31" :
WARNING:

EELEE/tBIEEli 1D astamitssaclaxistra EE’PEEEEWZEEEMJ?) EEI‘JWIE'C?’ fixfiéllfiEE-r EITHEEE eamIaaw-yh
n13—FEEUM5EIEMEEEODIEM:(EILL‘EEE‘JELT: IIItJJEaaaLya’JI/fivm— FIEffi=u§fl§¥i§f§é PTO-2038 «miaxahmtuti
uspTolaklEtsutmfiryi.Ease/smoothieEwii‘CLweuEa’EL‘CMEEM:wotitilEMEifibt USPTOI:Edifi'éEiElzaEhZa:to
own. EITHE/IHIEEIE USPTO I:E£EEEH:?6§1I:$<EEL. tbfiotflEEIfiTEL. easement/sea. ssEE/wssso. Estwifiwsa
fiWEli Elisa/LtF55 hét‘lifififiits/slats? CFR1.213(a) (DIEIEIIKEELESF’A‘E}5FE‘EbiEPEEEOJHEVGTAEI’LTUEEEEIEE).—%}\7§L
AEEI‘H‘EUECDEEECEEHC’CEOZ‘E/JWUEEL 361:. wastWEEhtsafi-camrs. ewmiabt‘itfifiem; bawatfitflfiltahtwlfi
EEIJI:E%ELTERETLTL\61%EI¢. —t9tA0>AEbiETfiEEt5EEflhL/ITOIl~o1¥taottfi0b§~be—F§<Emak'catw. itttuaaewtw:
Eros/(LI: PTO-2038 feitlarblfa77wbl:IaEi#E/rtf. Ltffio‘C—fifikfiiiflifl'éltli'EEE‘EA/n

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. if this type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

assesses
LEGAL NAME OF INVENTOR

EBJEIE: EITHE“): / ‘
Inventor: Shun ei YAMAZAKI Date (Oftional): fl ///If/ZW}

 

 

' E6: t /Signature: M .M

is? Hilfi-I'I—Gw— (PTO/Al . doom-0t cf EFF! /.aaaoeeaafiweooessao.samzalfisu.caesoeasw:PTO/SB/AIA01 WIREEFFH'. a
Note: An application data sheet (PTO/AlA/14 or equivalent). including naming the entire inventive entity. must accompany this form.
Use an additional PTO/SB/AIAO1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete.
including gathering. preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, U. 5. Patent and Trademark
Office U. S. Department of Commerce P O. Box 1450 Alexandria VA 22313-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO:
Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1—800—PTO-9199 and select option 2.
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PTO/AlA/Ot (06-12)
Approved for use through 01/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Underthe Pa-ewvork Reduction Act of 1995, no aersons are reuired to res-0nd to a collection ofinformation unless it contains a valid OMB control number.

$§%:r‘—5I~>—l~(37 CFR1.76)EEot¥flifiUEEE§§fliflE§§Q7 CFR 1.63)
DECLARATION (37 CFR 1.63) FOR UTILITY 0R DESIGN APPLICATION USING AN APPLICATION DATA SHEET

37 CFR 1.76

emcee _ ' '
Title of SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Invention

T§E%Bfi%'fifi>éfltii. O§0:tfl‘BEE§§L$?D
As the below named inventor, I hereby declare that:

$E§li

This declaration Dis directed to:
ifiitéhttié. 315w:
The attached application, or

*Etflififi. EON: l:tflI§Eéh/‘: PCT lilflfifi3§%_—tbftflfifi$htt\éfiOi:fi!‘CB/I'L‘C

I was.United States application or PCT international application number 13/763 874 filed on February 11 2013, and
amended on May 7 2013. .

Jzaflmtfliéfiliflta EL fiét\lfiL/Jitiiifiéi‘E‘E/Uflifl)l:J:o’CintL/‘:£0)‘G*fo
The above-identified application was made or authorized to be made by me.

TLl¢$$E§§¢IZ$Bbh6$t£twfififl%. fiét‘iibtitmfifififlfifif?o
i believe that i am the original inventor or an original joint inventor of a claimed invention in the application.

maestromorai:reaa>ecrzretior:taeI; 18 u.s.c. 1001 I:J:L/. assauiiee'iiswoe—tem. fibutdc-Z‘mf’o'filzotéeiifillafit
gefiéltééflbi’fl »
l hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

$95":
WARNING:

terse/taster: iD astemaaaotaxisae. issraeetamizeeema. iiE/fil‘ii‘fih tie/erase. ditto/eats. homicide-”2%
b—Fgemataolia/tisifimiidiistiiwe 9 Batch. Indies;etiiaatx-‘J‘yia—Ptemsastefi'cea PTO-2038 «msaxeamtcri

USPToisléEItfi/rraiemii. Estéeswatfiitaefiwiiemeixeazcrmee/u. Emotetttiaxraefint USPTO l:§&?5§fii:€¥h6:tai
twat"). sales/erase. USPTO metastases-stigma. absorfleeigtzmc. teraema‘ct/Eem sales/threats. isstttifimsa
timers. tfififimfififi. haultiserstlvtels. (37 CFR1.213(a) mealmam/gracesessa<$§s2oemmenrimeasles) . ~am<
Aefiisecsmacacaeauomwewrause“. eat; waaatmfienrzsafieasots. melee/AWN; fiéblitfitoifiidetttwifi
emizea’stueaehtueeels. —taAOAT/fifilfitteetaaa<zauet litmersotdawwm—FfimateeU. tame fi‘KD/‘dhl:
lament PTO-2038 tiifiiiflifiTITT/LICIiRH‘éh‘f.LT:7‘J{9'C—fiEtAfaili’ffiulcii‘t‘fiififlzu

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers. bank account numbers, or credit card numbers (other than a check or credit card
authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. Ifthis type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a-patent application is available to the
public after publication ofthe application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthennore, the record from an abandoned application may also be available to the public ifthe application is referenced in a
published application or an issued patent (see 37 CFR 1.14). Cheeks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

iéfifiimIEifiEEE

LEGAL NAME OF INVENTOR

 

eta/1a: EHVHEEE): _
Inventor: ‘ Kengo AKIMOTO Date (Optional): 07/27. [lo L3

ifi:
Signature: ‘I

this: miiam—sv—HPTOIAIA/M ,.
PTO/SB/AIAO1 mammary.

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.Use an additional PTO/SB/AlAOt form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you requrre to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark
Office, US, Department of Commerce, PO. Box 1450. Alexandria, VA 223134450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESSSEND TO:
Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, ca/I 1-800-PTO-9199 and select option 2.
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532$, first\IflEEEiEfiJKH‘EbéCb‘fiEUiE’O

HEFHHEIZEEEEEHLTflEEEIE. EansEEIEIE E HIzfiIxEEO
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552a) EEEEEEEIE’EIIJSLVCEEHHEHL\ttEUEIEEo HSEEEEDXEACDEBEEIE‘ IISEEEEODFEfin—EHWE

EE/AIEESE'GEEREELTLIEMEMEIIHEEEEW; EISEEEIzfi-EIEEEHLEEEAHWJUEED

$EEEE9XEAOEEEEIEE$1EIE E EI‘JtLI. fiEfiKEiiF—‘FIILEI:H$I+%3IEE=IIEIIEFEE:I:I\O)PEEK-€61):
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PTO/AiA/01 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Pa-erwork Reduction Act of 1995 no uersons are re-uired to res- -nd to a collection ofinformation unless it contains a valid OMB control number.

Elam-3~>—i(37 CFR176)EIE9T:EFFI&UEIE§§H11EE§E(37 CFR1 63)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET
(37 CFR1 .76

fififiwfifii
Title of SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

Invention

‘F'Efiflfilfi’théflli DEOCENB’EE-‘gLET.
As the below named inventor, I hereby declare that:

itiEE/i

This declaration Clis directed to:

filtéh‘cué. Wow:
The attached application. or

*Itfififi fiét‘li ‘ Kid/$33117: PCT IEEE§%_—_ELT$E31LTL\6$0JIZ§ETEhf
use.

I United States application or PCT international application number 13/763 874
amended on May 7 2013.

filed on Februag 11. 2013. and

teammates a. bemraefitfitflatfifiofmwlzotorfibmzeam‘t.
The above—identified application was made or authorized to be made by me.

Tbliiiifliflgfiill:&3%bh6£t£t®%flfi%. finébiificfikwfilfilfilfifi'fi’h
I believe that I am the original inventor or an originaljoint inventor ofa claimed invention in the application.

$E§§l2fiL\THEIZFBII%OD$LETEfi07:l’—§Ali 18US..C 1001 l:31L).:IJEEéL‘lifiEE(5)$0)“IW| EEL‘Iii—flfifil:$é§fifiii®fl
fittfiéCE’EE/Di'é‘.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S. C. 1001by fine or imprisonment of not more than five (5) years or both.

get.at:

WARNING:

EEEEE/tflifififi‘li lD figfiéflflitéiifilutfifiz’é. fifitwfifigfifimi‘a‘afitb‘ii. iiEifiiZifi'GEO iififiiflfifitaa. fifiiflfififii. fiéhlifl/U‘yh
h-FfiE—wxfifilfilkt‘h‘fiwfiflili(E¥/..L\EE Witt/1:. INED$$ZaL\lifibfi‘yhh—Fifima‘flflgfi’fifié PTO-2038 AUDEBAEWJNL‘LT)
USPTOfiKEfiE‘HfiE/fllt. $J§E§J€>Niiill§fi$EEC/)fii'GLmEL‘EfiL’CLE‘a’Efl/u. kaifillktifizffi USPTO (Ziitla'fééifilié’ihéltbi
thatfi SifiEE/flEEEIi USPTOl:EifiEEEIEéHul:$<EIEL fibfidfflfifi‘ligflfl, fiéfiltflaliEUEE/uoEaEEEIHiEEEIi fiittfllifiwia
iii’ileli th‘EEUJ’Wifi fiét‘lifiitfiét‘tt’fili (37 CFR1.)213(a)®ififill:%¥flL/’:3E"Efi$§§#$§sawemroanroaeaaee) “ERA/31
A$flfi€fl£®tfi6£EEifloTfi<Mx¥ffiafiUiT Elsi: thfifib‘fiifiéhf:§8fif&of£ {'ODHjlfiEbi’fiE-fi'éhf;hob/ifiatbixfiéflttflfifi
E$iEEEELTEREhTUét§ElL ~Mkwk$bifiifi€tfléi§fififi9$¢o II‘UJ$8$UOVivth—Ffiififiifit’fifi‘). EHL‘E 3001:3012
Tfitfi‘éht PTO-2038 fiifiliflim?71)bl:lii§:fi3hf. LtffioT—fixbik$?biti¢féifiha

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity
theft. Personal information such as social security numbers, bank account numbers. or credit card numbers (otherthan a check or credit card
authorization tom PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. Ifthis type of
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or
issuance of a patent. Furthermore. the record from an abandoned application may also be available to the public if the application is referenced in a
published application or an i55ued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes
are not retained in the application file and therefore are not publicly available.

fill/EIEUJIHEEE’E '

LEGAL NAME OF INVENTOR

aura: oat/ea): { _ 3 ‘
inventor: Daisuke KAWAE Date (Optional): 5) 7 /:LI 10L)

it... D L“ B “No KCNVU’OCK

 

  

113%: tfllfiE?—5iir—HPTOIAIA/14 Eaémlii-(Dlfiléfiiffi) ii. £5910)EiifltfiiiiéfiiwfifiEEb..$fii¥E/fififi§'é:h EBEERUDEBBEZU:
PTO/SB/AIA01 area/erase.
Note: An application data sheet (PTO/AlA/14 or equivalent). including naming the entire inventive entity. must accompany this form.
Use an additional PTO/SB/AlAOi-form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and by the _
USPTO to process) an application. Confidentiality is governed by 35 0.8.0. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1 minute to complete,
including gathering. preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments ’on the
amount of time you require to complete this form and/or suggestions for reducing this borden should be sent to the Chief information Officer U. 8. Patent and Trademark
Office 1). S Department of Commerce. PO. Box 1450, Alexandria VA 22313- 1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESSSEND TO:
Commissioner for Patents, P..o Box 1450, Alexandria, VA 22313-1450. .

/f you need assistance in completing the form call 1—800PTO-9199 and select option 2
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754/I9-Ififiififilfig

1974 fijaww—IIIIII (FL. 93-57931; IIIIIHIIIIJIL\IIIIIIIfiIfiIéIIIIIIfiwIIHIIzFaIiILT;

IIE'IIIMIEET:IZIiBnéiiifiiL'cmiio LT:75I:>’C‘ IIIIIIEODIEEIZLTfiILX ‘FIEODCéthBE—

IIIEL'CUI’ILIDU) $I$$fi®fll$€1$$éifiifili 35 U.S.C. 2(b)(2)"c°I°(2) fitmentIIIfiwIIIIIII.
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SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]

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

and a method for manufacturing the same.

2. Description of the Related Art

[0002]

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

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

polycrystalline silicon. A thin film transistor manufactured using amorphous silicon

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

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

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

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

[0003]

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

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

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

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

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

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

image display device.

[0004]

Patent Document 1: Japanese Published Patent Application No. 2007—123 861

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

SUMMARY OF THE INVENTION

[0005]

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

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

switching characteristics is suppressed, and a manufacturing method thereof.

[0006]

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

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

thereof

[0007]

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

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

manufactured, and angle 01 of the side surface of the source electrode which is in

contact with the oxide semiconductor layer and angle 02 of the side surface of the drain

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

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

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

[0008]

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

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

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

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

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

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

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

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

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

and less than 90°.

[0009]

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

[0010]

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

drain electrodes, which depends on a metal material of the source and drain electrodes.

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 372 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 373 of 490

10

15

20

25

30

This native oxide film is formed by exposure to an atmosphere containing oxygen, such

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

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

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

[0011]

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

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

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

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

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

drain regions.

[0012]

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

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

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

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

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

[0013]

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

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

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

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

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

[0014]

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

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

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

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

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

[0015]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[0016]

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

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

electric-field relaxation regions.

[0017]

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

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

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

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

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

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

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

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

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

[0018]

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

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

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

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

sputtering method.

[0019]

The angle 01 of the side surface of the source electrode which is in contact with

the oxide semiconductor layer and the angle 02 of the side surface of the drain electrode

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

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

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

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

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

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

thickness of the electrode.

[0020]

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

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

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

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

formed on the top surface of the electrode. Therefore, the angle 01 of the side surface

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

angle 02 of the side surface of the drain electrode which is in contact with the oxide

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

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

over the side surface of each electrode and electric—field concentration can be relaxed.

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 375 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 376 of 490

10

15

20

25

30

[0021]

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

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

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

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

and the angle 01 of the side surface of the source electrode with respect to the surface of

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

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

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

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

electrode has a tapered shape, and the angle 02 of the side surface of the drain electrode

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

[0022]

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

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

step as long as the angle 01 of the side surface of the bottom edge of the source

electrode and the angle 02 of the side surface of the bottom edge of the drain electrode

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

[0023]

Another embodiment of the present invention is a semiconductor device

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

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

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

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

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

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

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

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

equal to 200 and less than 90°.

[0024]

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

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

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

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

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

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

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

each other with the oxide semiconductor layer interposed therebetween, have

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

thereon.

[0025]

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

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

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

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

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

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

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

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

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

design of the channel length, for example, a channel length of l to 10 um.

[0026]

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

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

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

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

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

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

each electrode.

[0027]

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

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

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

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

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

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

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

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

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

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

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

[0028]

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

of at least two layers formed using two different materials.

[0029]

Another embodiment of the present invention, which relates to the

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

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

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

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

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

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

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

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

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

[0030]

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

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

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

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

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

by using the same target.
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[0031]

According to the above—described embodiment which relates to the

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

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

deposition is performed.

[0032]

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

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

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

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

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

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

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

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

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

[0033]

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

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

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

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

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

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

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

moisture or the like.

[0034]

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

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

deposition in this specification.

[0035]

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

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

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

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

[0036]

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

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

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

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

and the second film deposition step.

[0037]

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

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

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

deposition in this specification.

[0038]

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

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

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

[0039]

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

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

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

names which specify the present invention.

[0040]

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

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

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

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

[0041]

An electric-field relaxation region is provided, so that electric-field

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

degradation of the switching characteristics of the thin film transistor is suppressed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

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

device.

FIG. 2 is a cross—sectional view showing one example of a semiconductor

device.

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

for manufacturing a semiconductor device.

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

for manufacturing a semiconductor device.

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

semiconductor device.

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

semiconductor device.

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

semiconductor device.

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

semiconductor device.

FIGS. 9A1 and 9B1 are views showing one example of a cross—sectional view

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

view of the terminal portion.

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

semiconductor device.

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

device.

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

semiconductor device.

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

circuit.

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

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

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

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

FIG. 16.

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

semiconductor device.

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

semiconductor device.

FIG. 20A1 and 20A2 are top views showing examples of a semiconductor

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

device.

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

device.

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

example of a semiconductor device.

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

electronic paper.

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

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

television device and a digital photo frame.

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

machine.

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

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

film transistor.

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

electrical characteristics.

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

manufacturing a sample.

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

of the cross—section of a sample.

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

semiconductor device, FIG 32B is an equivalent circuit diagram thereof, and FIG 32C
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is a top view thereof.

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

model.

FIG. 34 is a graph showing calculation results.

FIG. 35 is a graph showing calculation results.

FIG. 36 is a graph showing calculation results.

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

examples).

DETAILED DESCRIPTION OF THE INVENTION

[0043]

Embodiments and examples of the present invention will be hereinafter

described.

[Embodiment 1]

[0044]

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

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

transistor.

[0045]

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

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

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

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

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

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

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

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

[0046]

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

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

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

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

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

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

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

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

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

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

portion thereof.

[0048]

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

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

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

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

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

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

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

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

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

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

an etching residue of the metal material.

[0049]

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

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

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

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

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

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

[0050]

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

shown in FIG. 1, angle 01 formed between the surface of the substrate and the side

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

layer 105b, as shown in FIG. 1, angle 02 formed between the surface of the substrate

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

20° and less than 90°. The angle 01 and the angle 02 are substantially the same as

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

thereon. The angle 01 of the side surface of the source electrode layer 105a which is

in contact with the oxide semiconductor layer and the angle 02 of the side surface of the

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

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

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

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

[0051]

Although the angles 01 and 02 are described when it is assumed that the plane

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

invention is not limited thereto, and the angles 01 and 02 are not changed even when it

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

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

front surface of the substrate.

[0052]

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

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

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

oxide semiconductor target including In, Ga, and Zn (In2032Ga20322nO = 1:121), under

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

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

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

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

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

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

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

oxide semiconductor film is 100 nm.
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[0053]

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

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

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

semiconductor layer 103.

[0054]

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

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

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

[0055]

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

performed by a sputtering method using a target in which In2032Ga203:ZnO = 12121,

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

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

use of the target in which In2032Ga203:ZnO = 12121, an In-Ga-Zn-O-based

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

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

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

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

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

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

100 0C), the reactive sputtering deposition conditions, and/or the like. The second

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

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

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

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

[0056]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

angle 01 of the side surface of the source electrode which is in contact with the oxide

semiconductor layer and the angle 02 of the side surface of the drain electrode which is

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

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

electrode in the side surface of each electrode is increased, thereby increasing length L1

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

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

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

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

[0058]

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

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

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

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

formed on the top surface of the electrode. Therefore, the angle 01 of the side surface
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of the source electrode which is in contact with the oxide semiconductor layer and the

angle 02 of the side surface of the drain electrode which is in contact with the oxide

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

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

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

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

relaxed.

[Embodiment 2]

[0059]

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

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

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

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

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

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

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

angle 01 of the side surface of the bottom edge of the source electrode layer and angle

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

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

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

[0060]

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

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

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

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

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

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

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

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

30 [0061]

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

thereof is omitted in this embodiment.

[0062]

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

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

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

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

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

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

[0063]

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

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

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

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

apparatus using a coiled antenna.

[0064]

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

following condition: the gas flow rate of CF4 is 25 sccm, the gas flow rate of C13 is 25

sccm, the gas flow rate of 02 is 10 sccm, and an RF (13.56 MHz) power of 500 W is

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

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

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

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

electrode, which has a step.

[0065]

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

source electrode layer 405a, the angle 01 formed between the surface of the substrate

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

to be greater than or equal to 20° and less than 90°; and as shown in FIG. 2, 01 is about

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

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

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

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

the same etching step is performed thereon.

[0066]

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

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

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

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

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

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

um.

[0067]

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

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

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

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

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

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

[0068]

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

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

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

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

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

electric-field concentration.

[0069]

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

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

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

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

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

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

layer and the drain electrode layer may be formed by wet etching so that the angle 01 of

the side surface of the bottom edge of the source electrode layer and the angle 02 of the

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

equal to 200 and less than 90°. The side surface of each of the source and drain

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

from the top surface of each electrode layer.

[0071]

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

[Embodiment 3]

[0072]

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

are described with reference to FIGS. 3A and 3B, 4A to 4C, 5 to 8, and FIGS. 9A1 and

9A2 and 9B1 and 9B2.

[0073]

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

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

[0074]

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

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

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

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

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

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

FIG 5.

[0075]

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

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

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

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

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

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

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

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

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

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

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

[0076]

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

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

method or the like.

[0077]

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

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

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

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

a tantalum oxide film.

[0078]

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

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

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

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

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

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

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

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

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

silicon.

[0079]

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

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

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

In2032Ga203:ZnO = 12121, under a condition in which the pressure is 0.4 Pa, the power

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

40 sccm. Despite the use of the target in which In2032Ga203:ZnO = 12121, an

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

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

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

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

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

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

temperature to 100 0C), the reactive sputtering deposition conditions, and/or the like.

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

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

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

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

[0080]

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

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

etching using ITOO7N (manufactured by Kanto Chemical Co., Inc.) is performed to

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

non-single-crystal films 111a and lllb are formed. The etching here is not limited to

wet etching and may be dry etching.

[0081]

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

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

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

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

using a mixed gas of SiCl4, C12, and BC13 is performed to etch the conductive film in

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

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

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

By this etching, angle 01 of the side surface of the source electrode layer 105a

and angle 02 of the side surface of the drain electrode layer 105b which are in contact

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

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

each other with the oxide semiconductor layer interposed therebetween enable

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

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

electric-field relaxation regions.

[0083]

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

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

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

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

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

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

second terminal 122.

[0084]

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

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

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

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

with capacitor electrode layer 124.

[0085]

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

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

without exposure to the air. Formation of the second In—Ga—Zn—O—based

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

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

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

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

Ga, and Zn (In2032Ga20322nO = 1:121), with the distance between the substrate and the

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

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

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

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

200 nm. In this embodiment, the thickness of the second In—Ga—Zn—O—based

non-single-crystal film is 100 nm.

[0086]

The film deposition condition of the second In—Ga—Zn—O—based

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

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

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

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

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

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

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

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

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

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

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

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

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

[0087]

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

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

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

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

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

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

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

performed after formation of a pixel electrode.

[0088]

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

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

formed. In this embodiment, wet etching using ITOO7N (manufactured by Kanto

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

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

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

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

[0089]

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

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

oxide semiconductor by recycle of it.

[0090]

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

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

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

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

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

the first In-Ga—Zn-O-based non-single-crystal films 111a and 111b, which are exposed

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

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

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

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

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

[0091]

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

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

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

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

sputtering method or the like.
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[0092]

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

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

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

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

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

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

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

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

[0093]

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

The transparent conductive film is formed using indium oxide (111203), an alloy of

indium oxide and tin oxide (111203-81102, abbreviated as ITO), or the like by a sputtering

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

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

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

and zinc oxide (In203—ZnO) may be used in order to improve etching processability.

[0094]

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

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

[0095]

In the fifth photolithography step, a storage capacitor is formed by the

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

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

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

[0096]

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

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

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

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

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

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

[0097]

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

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

[0098]

FIGS. 9A1 and 9A2 are a cross-sectional view and a top view of a gate wiring

terminal portion at this stage, respectively. FIG 9A1 is a cross—sectional view along

line C1-C2 in FIG 9A2. In FIG 9A1, a transparent conductive film 155 formed over a

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

input terminal. Furthermore, in a terminal portion of FIG 9A1, a first terminal 151

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

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

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

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

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

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

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

9A1.

[0099]

FIGS. 9B1 and 9B2 are a cross—sectional view and a top view of a source

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

shown in FIG 4C, respectively. FIG 9B1 is a cross—sectional view along line D1—D2

in FIG 9B2. In FIG 9B1, a transparent conductive film 155 formed over a protective

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

terminal. In a terminal portion in FIG 9B1, an electrode 156 formed using the same

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

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

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

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

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

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

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

[0100]

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

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

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

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

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

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

[0101]

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

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

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

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

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

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

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

convenience.

[0102]

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

matrix substrate and a counter substrate provided with a counter electrode are bonded to

each other with a liquid crystal layer interposed therebetween. Note that a common

electrode electrically connected to the counter electrode on the counter substrate is

provided over the active matrix substrate, and a fourth terminal electrically connected to

the common electrode is provided in the terminal portion. This fourth terminal is

provided so that the common electrode is fixed to a predetermined potential such as

GND or 0 V.

[0103]

One embodiment of the present invention is not limited to the pixel structure of

FIG. 8, and an example of a top view different from FIG. 8 is illustrated in FIG. 10.

FIG 10 illustrates the example in which a capacitor wiring is not provided and a pixel

electrode overlaps with a gate wiring of an adjacent pixel with a protective insulating

film and a gate insulating layer interposed therebetween to form a storage capacitor. In
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that case, the capacitor wiring and a third terminal connected to the capacitor wiring can

be omitted. Note that in FIG. 10, the same portions as those in FIG. 8 are denoted by

the same reference numerals.

[0104]

In an active matrix liquid crystal display device, display patterns are formed on

a screen by driving pixel electrodes arranged in a matrix. Specifically, when voltage is

applied between a selected pixel electrode and a counter electrode that corresponds to

the selected pixel electrode, a liquid crystal layer provided between the pixel electrode

and the counter electrode is optically modulated, and this optical modulation is

recognized as a display pattern.

[0105]

In displaying moving images, a liquid crystal display device has a problem that

a long response time of liquid crystal molecules themselves causes afterimages or

blurring of moving images. In order to improve the moving-image characteristics of a

liquid crystal display device, a driving method called black insertion is employed in

which black is displayed on the whole screen every other frame period.

[0106]

Alternatively, a driving method called double-frame rate driving may be

employed in which the vertical cycle is 1.5 or 2 times as long as usual to improve the

moving-image characteristics.

[0107]

Further alternatively, in order to improve the moving-image characteristics of a

liquid crystal display device, a driving method may be employed in which a plurality of

LEDs (light-emitting diodes) or a plurality of EL light sources are used to form a

surface light source as a backlight, and each light source of the surface light source is

independently driven in a pulsed manner in one frame period. As the surface light

source, three or more kinds of LEDs may be used and an LED emitting white light may

be used. Since a plurality of LEDs can be controlled independently, the light emission

timing of LEDs can be synchronized with the timing at which a liquid crystal layer is

optically modulated. According to this driving method, LEDs can be partly turned off;

therefore, an effect of reducing power consumption can be obtained particularly in the

case of displaying an image having a large part on which black is displayed.
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[0108]

By combining these driving methods, the display characteristics of a liquid

crystal display device, such as moving—image characteristics, can be improved as

compared to those of conventional liquid crystal display devices.

[0109]

The n-channel transistor obtained in Embodiment 3 includes an

In—Ga-Zn-O-based non-single-crystal semiconductor film in a channel formation region

and has good dynamic characteristics. Thus, these driving methods can be applied in

combination to the n-channel transistor of this embodiment.

[01 10]

When a light—emitting display device is manufactured, one electrode (also

referred to as a cathode) of an organic light-emitting element is set to a low power

supply potential such as GND or 0 V; therefore, a terminal portion is provided with a

fourth terminal for setting the cathode to a low power supply potential such as GND or

0 V. In addition, when a light—emitting display device is manufactured, a power supply

line is provided in addition to a source wiring and a gate wiring. Therefore, a terminal

portion is provided with a fifth terminal electrically connected to the power supply line.

[01 1 1]

According to this embodiment, the thin film transistor has a stacked-layer

structure in which a gate electrode layer, a gate insulating layer, a source and drain

electrode layers, a source and drain regions (an oxide semiconductor layer containing In,

Ga, and Zn), and a semiconductor layer (an oxide semiconductor layer containing In, Ga,

and Zn), and the quality of the surface of the gate insulating layer is changed by plasma

treatment, so that the semiconductor film is kept to be thin and parasitic capacitance can

be suppressed. Note that the parasitic capacitance is sufficiently suppressed even

when the semiconductor layer is thin, because the thickness is sufficient with respect to

that of the gate insulating layer.

[01 12]

According to this embodiment, a thin film transistor with high on-off ratio can

be obtained, so that a thin film transistor having high dynamic characteristics can be

manufactured. Thus, a semiconductor device including a thin film transistor with high

electrical characteristics and high reliability can be provided.
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[Embodiment 4]

[0113]

In this embodiment, an example of electronic paper will be described as a

semiconductor device.

[0114]

FIG. 11 illustrates active-matrix electronic paper as an example of a

semiconductor device, which is different from a liquid crystal display device. A thin

film transistor 581 used in a pixel portion of the semiconductor device can be

manufactured in a manner similar to the manner of the thin film transistor in the pixel

portion described in Embodiment 3 and is a thin film transistor including an

In-Ga-Zn-O-based non-single-crystal film as a semiconductor layer. Further, as

described in Embodiment 1, tapered shapes of side surfaces of two electrodes which

face each other with an oxide semiconductor layer interposed therebetween enables

electronic paper including a highly reliable thin film transistor provided with an

electric-field relaxation region to be manufactured.

[0115]

The electronic paper in FIG. 11 is an example of a display device using a

twisting ball display system. A twisting ball display method employs a method in

which display is performed by arranging spherical particles each of which is colored

separately in black and white between the first electrode layer and the second electrode

layer which are electrode layers used for display elements, and generating a potential

difference between the first electrode layer and the second electrode layer so as to

control the directions of the spherical particles.

[0116]

The thin film transistor 581 is a bottom-gate thin film transistor, and a source or

drain electrode layer thereof is in contact with a first electrode layer 587 through an

opening formed in an insulating layer 585, whereby the thin film transistor 581 is

electrically connected to the first electrode layer 587. Between the first electrode layer

587 and a second electrode layer 588, spherical particles 589 each having a black region

590a, a white region 590b, and a cavity 594 around the regions which is filled with

liquid are provided. A space around the spherical particles 589 is filled with a filler

595 such as a resin (see FIG. 11).
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[01 17]

Instead of the twisting ball, an electrophoretic element can also be used. A

microcapsule having a diameter of approximately 10 pm to 200 um, in which a

transparent liquid and positively charged white microparticles and negatively charged

black microparticles are encapsulated, is used. In the microcapsule that is provided

between the first electrode layer and the second electrode layer, when an electric field is

applied by the first electrode layer and the second electrode layer, the white

microparticles and the black microparticles migrate to opposite sides to each other, so

that white or black can be displayed. A display element using this principle is an

electrophoretic display element, and is generally called an electronic paper. The

electrophoretic display element has higher reflectivity than a liquid crystal display

element; thus, an auxiliary light is unnecessary, less power is consumed, and a display

portion can be recognized even in a dusky place. In addition, even when power is not

supplied to the display portion, an image which has been displayed once can be

maintained; accordingly, a displayed image can be stored even if a semiconductor

device having a display function (which may simply be referred to as a display device

or a semiconductor device provided with a display device) is distanced from an electric

wave source.

[01 18]

Through the above process, electronic paper as a semiconductor device can be

manufactured at reduced cost.

[01 19]

This embodiment can be implemented in appropriate combination with any of

the structures described in Embodiments l to 3.

[Embodiment 5]

[0120]

In this embodiment, an example will be described below, in which at least part

of a driver circuit and a thin film transistor arranged in a pixel portion are formed over

one substrate in a display device which is one example of a semiconductor device.

[0121]

The thin film transistor arranged in the pixel portion is formed according to

Embodiment l or 2. Further, the thin film transistor described in Embodiment l or 2 is

33

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 403 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 404 of 490

10

15

20

25

30

an n-channel TFT, and thus a part of a driver circuit that can include an n-channel TFT

among driver circuits is formed over the same substrate as the substrate of the thin film

transistor of the pixel portion.

[0122]

FIG. 12A illustrates an example of a block diagram of an active-matrix liquid

crystal display device which is an example of a semiconductor device. The display

device illustrated in FIG. 12A includes, over a substrate 5300, a pixel portion 5301

including a plurality of pixels that are each provided with a display element; a scan line

driver circuit 5302 that selects a pixel; and a signal line driver circuit 5303 that controls

a video signal input to the selected pixel.

[0123]

The pixel portion 5301 is connected to the signal line driver circuit 5303 by a

plurality of signal lines $1 to Sm (not shown) which extend in a column direction from

the signal line driver circuit 5303, and to the scan line driver circuit 5302 by a plurality

of scan lines G1 to Gn (not shown) that extend in a row direction from the scan line

driver circuit 5302. The pixel portion 5301 includes a plurality of pixels (not shown)

arranged in matrix so as to correspond to the signal lines $1 to Sm and the scan lines G1

to Gn. Each pixel is connected to a signal line Sj (one of the signal lines $1 to Sm)

and a scan line Gj (one of the scan lines G1 to Gn).

[0124]

The thin film transistor described in Embodiment 1 or 2 is an n-channel TFT,

and a signal line driver circuit including the n-channel TFT is described with reference

to FIG 13.

[0125]

The signal line driver circuit illustrated in FIG. 13 includes a driver IC 5601,

switch groups 5602_1 to 5602_M, a first wiring 5611, a second wiring 5612, a third

wiring 5613, and wirings 5621_1 to 5621_M. Each of the switch groups 5602_1 to

5602_M includes a first thin film transistor 5603a, a second thin film transistor 5603b,

and a third thin film transistor 5603c.

[0126]

The driver IC 5601 is connected to the first wiring 5611, the second wiring

5612, the third wiring 5613, and the wirings 5621_1 to 5621_M. Each of the switch
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groups 5602_1 to 5602_M is connected to the first wiring 5611, the second wiring 5612,

the third wiring 5613, and the wirings 562l_l to 5621_M corresponding to the switch

groups 5602_1 to 5602_M, respectively. Each of the wirings 5621_1 to 5621_M is

connected to three signal lines via the first thin film transistor 5603a, the second thin

film transistor 5603b, and the third thin film transistor 5603c. For example, the wiring

5621_J of the J-th column (one of the wirings 562l_l to 5621_M) is connected to a

signal line Sj—l, a signal line Sj, and a signal line Sj+l via the first thin film transistor

5603a, the second thin film transistor 5603b, and the third thin film transistor 5603c

which are included in the switch group 5602_J.

[0127]

A signal is input to each of the first wiring 5611, the second wiring 5612, and

the third wiring 5613.

[0128]

Note that the driver IC 5601 is preferably formed over a single crystalline

semiconductor substrate. Further, the switch groups 5602_1 to 5602_M are preferably

formed over the same substrate as the substrate of the pixel portion. Therefore, the

driver IC 5601 and the switch groups 5602_1 to 5602_M are preferably connected

through an FPC or the like.

[0129]

Next, operation of the signal line driver circuit illustrated in FIG. 13 is

described with reference to a timing chart in FIG. 14. The timing chart in FIG. 14

illustrates the case where the scan line Gi of the i—th row is selected. A selection period

of the scan line Gi of the i-th row is divided into a first sub-selection period Tl, a

second sub—selection period T2, and a third sub—selection period T3. The signal line

driver circuit in FIG. 13 operates similarly to that in FIG 14 even when a scan line of

another row is selected.

[0130]

Note that the timing chart in FIG 14 shows the case where the wiring 5621_J

of the J-th column is connected to the signal line Sj—l, the signal line Sj, and the signal

line Sj+l via the first thin film transistor 5603a, the second thin film transistor 5603b,

and the third thin film transistor 5603c.
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[0131]

The timing chart in FIG. 14 shows timing at which the scan line Gi of the i-th

row is selected, timing 5703a of on/off of the first thin film transistor 5603a, timing

5703b of on/off of the second thin film transistor 5603b, timing 5703c of on/off of the

third thin film transistor 5603c, and a signal 5721_J input to the wiring 562l_J of the

J—th column.

[0132]

In the first sub—selection period T1, the second sub—selection period T2, and the

third sub—selection period T3, different video signals are input to the wirings 562l_1 to

562l_M. For example, a video signal input to the wiring 562l_J in the first

sub—selection period T1 is input to the signal line Sj—l, a video signal input to the wiring

562l_J in the second sub—selection period T2 is input to the signal line Sj, and a video

signal input to the wiring 562l_J in the third sub-selection period T3 is input to the

signal line Sj+l. The video signals input to the wiring 562l_J in the first sub-selection

period T1, the second sub—selection period T2, and the third sub—selection period T3 are

denoted by Data_j—l, Data_j, and Data_j+1, respectively.

[0133]

As shown in FIG. 14, in the first sub-selection period T1, the first thin film

transistor 5603a is turned on, and the second thin film transistor 5603b and the third thin

film transistor 5603c are turned off At this time, Data_j—l input to the wiring 562l_J

is input to the signal line Sj—l via the first thin film transistor 5603a. In the second

sub—selection period T2, the second thin film transistor 5603b is turned on, and the first

thin film transistor 5603a and the third thin film transistor 5603c are turned off. At

this time, Data_j input to the wiring 562l_J is input to the signal line Sj via the second

thin film transistor 5603b. In the third sub-selection period T3, the third thin film

transistor 5603c is turned on, and the first thin film transistor 5603a and the second thin

film transistor 5603b are turned off At this time, Data_j+l input to the wiring 562l_J

is input to the signal line Sj+l via the third thin film transistor 5603c.

[0134]

As described above, in the signal line driver circuit in FIG. 13, by dividing one

gate selection period into three, video signals can be input to three signal lines from one
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wiring 5621 in one gate selection period. Therefore, in the signal line driver circuit in

FIG. 13, the number of connections between the substrate provided with the driver IC

5601 and the substrate provided with the pixel portion can be about 1/3 of the number

of signal lines. The number of connections is reduced to about 1/3 of the number of

the signal lines, so that reliability, yield, etc., of the signal line driver circuit in FIG. 13

can be improved.

[0135]

Note that there are no particular limitations on the arrangement, the number, a

driving method, and the like of the thin film transistors, as long as one gate selection

period is divided into a plurality of sub—selection periods and video signals are input to a

plurality of signal lines from one wiring in the respective sub—selection periods as

shown in FIG. 13.

[0136]

For example, when video signals are input to three or more signal lines from

one wiring in each of three or more sub-selection periods, it is necessary to add a thin

film transistor and a wiring for controlling the thin film transistor. Note that when one

selection period is divided into four or more sub—selection periods, one sub—selection

period becomes short. Therefore, one selection period is preferably divided into two

or three sub—selection periods.

[0137]

As another example, one gate selection period may be divided into a precharge

period Tp, the first sub—selection period T1, the second sub—selection period T2, and the

third sub—selection period T3 as illustrated in a timing chart in FIG 15. The timing

chart in FIG 15 illustrates timing at which the scan line Gi of the i-th row is selected,

timing 5803a of on/off of the first thin film transistor 5603a, timing 5803b of on/off of

the second thin film transistor 5603b, timing 5803c of on/off of the third thin film

transistor 5603c, and a signal 5821_J input to the wiring 5621_J of the J-th column.

As shown in FIG 15, the first thin film transistor 5603a, the second thin film transistor

5603b, and the third thin film transistor 5603c are tuned on in the precharge period Tp.

At this time, precharge voltage Vp input to the wiring 5621_J is input to each of the

signal line Sj—l, the signal line Sj, and the signal line Sj+1 via the first thin film
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transistor 5603a, the second thin film transistor 5603b, and the third thin film transistor

5603c. In the first sub-selection period T1, the first thin film transistor 5603a is turned

on, and the second thin film transistor 5603b and the third thin film transistor 5603c are

turned off. At this time, Data_j—1 input to the wiring 5621_J is input to the signal line

Sj—l via the first thin film transistor 5603a. In the second sub—selection period T2, the

second thin film transistor 5603b is turned on, and the first thin film transistor 5603a

and the third thin film transistor 5603c are turned off At this time, Data_j input to the

wiring 5621_J is input to the signal line Sj via the second thin film transistor 5603b.

In the third sub-selection period T3, the third thin film transistor 5603c is turned on, and

the first thin film transistor 5603a and the second thin film transistor 5603b are turned

off. At this time, Data_j+1 input to the wiring 5621_J is input to the signal line Sj+1

via the third thin film transistor 5603c.

[0138]

As described above, in the signal line driver circuit in FIG. 13 to which the

timing chart in FIG. 15 is applied, the video signal can be written to the pixel at high

speed because the signal line can be precharged by providing a precharge selection

period before a sub—selection period. Note that portions in FIG. 15 which are similar to

those of FIG. 14 are denoted by common reference numerals and detailed description of

the same portions and portions which have similar functions is omitted.

[0139]

Further, a structure of a scan line driver circuit is described. The scan line

driver circuit includes a shift register and a buffer. Also, a level shifter may be

included in some cases. In the scan line driver circuit, when the clock signal (CLK)

and the start pulse signal (SP) are input to the shift register, a selection signal is

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

the resulting signal is supplied to a corresponding scan line. Gate electrodes of

transistors in pixels of one line are connected to the scan line. Since the transistors in

the pixels of one line have to be turned on all at once, a buffer which can supply a large

current is used.

[0140]

One mode of a shift register which is used in a part of a scan line driver circuit
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is described with reference to FIGS. 16 and 17.

[0141]

FIG. 16 illustrates a circuit configuration of the shift register. The shift

register illustrated in FIG. 16 includes a plurality of flip-flops 5701-i (one of flip—flops

5701—1 to 5701-n). Further, the shift register operates by inputting a first clock signal,

a second clock signal, a start pulse signal, and a reset signal.

[0142]

The connection relation of the shift register in FIG 16 is described below. In

the i-th stage flip-flop 5701_i (one of the flip-flops 5701_1 to 5701_n) in the shift

register of FIG 16, a first wiring 5501 illustrated in FIG 17 is connected to a seventh

wiring 5717_i—1; a second wiring 5502 illustrated in FIG 17 is connected to a seventh

wiring 5717_i+1; a third wiring 5503 illustrated in FIG 17 is connected to a seventh

wiring 5717_i; and a sixth wiring 5506 illustrated in FIG. 17 is connected to a fifth

wiring 5715.

[0143]

Further, a fourth wiring 5504 shown in FIG 17 is connected to a second wiring

5712 in flip—flops of odd—numbered stages, and is connected to a third wiring 5713 in

flip—flops of even—numbered stages. A fifth wiring 5505 shown in FIG 17 is connected

to a fourth wiring 5714.

[0144]

Note that the first wiring 5501 of the first stage flip-flop 5701_1 shown in FIG.

17 is connected to a first wiring 5711, and the second wiring 5502 of the n-th stage

flip-flop 5701_n shown in FIG 17 is connected to a sixth wiring 5716.

[0145]

Note that the first wiring 5711, the second wiring 5712, the third wiring 5713,

and the sixth wiring 5716 may be referred to as a first signal line, a second signal line, a

third signal line, and a fourth signal line, respectively. The fourth wiring 5714 and the

fifth wiring 5715 may be referred to as a first power supply line and a second power

supply line, respectively.

[0146]

Next, FIG. 17 illustrates details of the flip-flop shown in FIG 16. A flip-flop
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illustrated in FIG 17 includes a first thin film transistor 5571, a second thin film

transistor 5572, a third thin film transistor 5573, a fourth thin film transistor 5574, a

fifth thin film transistor 5575, a sixth thin film transistor 5576, a seventh thin film

transistor 5577, and an eighth thin film transistor 5578. Each of the first thin film

transistor 5571, the second thin film transistor 5572, the third thin film transistor 5573,

the fourth thin film transistor 5574, the fifth thin film transistor 5575, the sixth thin film

transistor 5576, the seventh thin film transistor 5577, and the eighth thin film transistor

5578 is an n—channel transistor and is turned on when the gate—source voltage (Vgs)

exceeds the threshold voltage (Vth).

[0147]

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

below.

[0148]

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

thin film transistor 5571 is connected to the fourth wiring 5504. A second electrode

(the other of the source electrode and the drain electrode) of the first thin film transistor

5571 is connected to the third wiring 5503.

[0149]

A first electrode of the second thin film transistor 5572 is connected to the sixth

wiring 5506, and a second electrode of the second thin film transistor 5572 is connected

to the third wiring 5503.

[0150]

A first electrode of the third thin film transistor 5573 is connected to the fifth

wiring 5505; a second electrode of the third thin film transistor 5573 is connected to a

gate electrode of the second thin film transistor 5572; and a gate electrode of the third

thin film transistor 5573 is connected to the fifth wiring 5505.

[0151]

A first electrode of the fourth thin film transistor 5574 is connected to the sixth

wiring 5506; a second electrode of the fourth thin film transistor 5574 is connected to a

gate electrode of the second thin film transistor 5572; and a gate electrode of the fourth

thin film transistor 5574 is connected to a gate electrode of the first thin film transistor

5571.
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[0152]

A first electrode of the fifth thin film transistor 5575 is connected to the fifth

wiring 5505; a second electrode of the fifth thin film transistor 5575 is connected to the

gate electrode of the first thin film transistor 5571; and a gate electrode of the fifth thin

film transistor 5575 is connected to the first wiring 5501.

[0153]

A first electrode of the sixth thin film transistor 5576 is connected to the sixth

wiring 5506; a second electrode of the sixth thin film transistor 5576 is connected to the

gate electrode of the first thin film transistor 5571; and a gate electrode of the sixth thin

film transistor 5576 is connected to the gate electrode of the second thin film transistor

5572.

[0154]

A first electrode of the seventh thin film transistor 5577 is connected to the

sixth wiring 5506; a second electrode of the seventh thin film transistor 5577 is

connected to the gate electrode of the first thin film transistor 5571; and a gate electrode

of the seventh thin film transistor 5577 is connected to the second wiring 5502. A first

electrode of the eighth thin film transistor 5578 is connected to the sixth wiring 5506; a

second electrode of the eighth thin film transistor 5578 is connected to the gate

electrode of the second thin film transistor 5572; and a gate electrode of the eighth thin

film transistor 5578 is connected to the first wiring 5501.

[0155]

Note that the points at which the gate electrode of the first thin film transistor

5571, the gate electrode of the fourth thin film transistor 5574, the second electrode of

the fifth thin film transistor 5575, the second electrode of the sixth thin film transistor

5576, and the second electrode of the seventh thin film transistor 5577 are connected are

each referred to as a node 5543. The points at which the gate electrode of the second

thin film transistor 5572, the second electrode of the third thin film transistor 5573, the

second electrode of the fourth thin film transistor 5574, the gate electrode of the sixth

thin film transistor 5576, and the second electrode of the eighth thin film transistor 5578

are connected are each referred to as a node 5544.

[0156]

Note that the first wiring 5501, the second wiring 5502, the third wiring 5503,
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and the fourth wiring 5504 may be referred to as a first signal line, a second signal line,

a third signal line, and a fourth signal line, respectively. The fifth wiring 5505 and the

sixth wiring 5506 may be referred to as a first power supply line and a second power

supply line, respectively.

[0157]

The signal line driver circuit and the scan line driver circuit can be formed

using only the n-channel TFTs described in Embodiment 1 or 2. In that case, the drive

frequency of the driver circuit can be increased because the mobility of a transistor

using an oxide semiconductor layer is high. Further, since the parasitic capacitance is

reduced by the source and drain regions in each of the n—channel TFTs described in

Embodiment 1 or 2, the frequency characteristic (also called f characteristic) is high.

For example, a scan line driver circuit using the n-channel TFT described in

Embodiment 1 or 2 can operate at high speed, and thus a frame frequency can be

increased and insertion of black images can be realized.

[0158]

In addition, by increasing the channel width of the transistor in the scan line

driver circuit or providing a plurality of scan line driver circuits, for example, higher

frame frequency can be realized. When a plurality of scan line driver circuits are

provided, a scan line driver circuit for driving even—numbered scan lines is provided on

one side and a scan line driver circuit for driving odd—numbered scan lines is provided

on the opposite side; thus, increase in frame frequency can be realized.

[0159]

Further, when an active-matrix light-emitting display device which is an

example of a semiconductor device is manufactured, a plurality of thin film transistors

are arranged in at least one pixel, and thus a plurality of scan line driver circuits are

preferably arranged. FIG. 12B is a block diagram illustrating an example of an

active-matrix light-emitting display device.

[0160]

The light—emitting display device illustrated in FIG. 12B includes, over a

substrate 5400, a pixel portion 5401 having a plurality of pixels each provided with a

display element, a first scan line driver circuit 5402 and a second scan line driver circuit

5404 that select a pixel, and a signal line driver circuit 5403 that controls input of a
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video signal to the selected pixel.

[0161]

When the video signal input to a pixel of the light-emitting display device

illustrated in FIG. 12B is a digital signal, a pixel is in a light-emitting state or in a

non-light-emitting state by switching of ON/OFF of a transistor. Thus, grayscale can

be displayed using an area ratio grayscale method or a time ratio grayscale method.

An area ratio grayscale method refers to a driving method by which one pixel is divided

into a plurality of subpixels and the respective subpixels are driven separately based on

video signals so that grayscale is displayed. Further, a time ratio grayscale method

refers to a driving method by which a period during which a pixel is in a light-emitting

state is controlled so that grayscale is displayed.

[0162]

Since the response speed of light—emitting elements is faster than that of liquid

crystal elements or the like, the light-emitting elements are suitable for a time ratio

grayscale method. Specifically, in the case of performing display with a time ratio

grayscale method, one frame period is divided into a plurality of subframe periods.

Then, in accordance with video signals, the light-emitting element in the pixel is set in a

light-emitting state or a non-light-emitting state in each subframe period. By dividing

one frame period into a plurality of subframe periods, the total length of time, in which

a pixel actually emits light in one frame period, can be controlled by video signals so

that grayscale can be displayed.

[0163]

In the example of the light-emitting display device illustrated in FIG. 12B, in

the case where two TFTs, a switching TFT and a current control TFT, are arranged in

one pixel, the first scan line driver circuit 5402 generates a signal which is input to a

first scan line serving as a gate wiring of the switching TFT, and the second scan line

driver circuit 5404 generates a signal which is input to a second scan line serving as a

gate wiring of the current control TFT; however, one scan line driver circuit may

generate both the signal which is input to the first scan line and the signal which is input

to the second scan line. In addition, for example, there is a possibility that a plurality

of first scan lines used for controlling the operation of the switching element be

provided in each pixel depending on the number of transistors included in the switching
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element. In that case, signals which are input to the plurality of first scan lines may be

all generated by one scan line driver circuit or by an individual plurality of scan line

driver circuits.

[0164]

Also in the light-emitting display device, a part of a driver circuit that can

include n-channel TFTs among driver circuits can be formed over the same substrate as

the substrate of the thin film transistors of the pixel portion. The signal line driver

circuit and the scan line driver circuit can be formed using only the n-channel TFTs

described in Embodiment 1 or 2.

[0165]

Through the above process, a highly reliable display device can be

manufactured as a semiconductor device.

[0166]

This embodiment can be implemented in appropriate combination with any of

the structures disclosed in the other embodiments.

[Embodiment 6]

[0167]

In this embodiment, an example of a light-emitting display device will be

described as a semiconductor device. As a display element included in a display

device, a light-emitting element utilizing electro luminescence is described in this

embodiment. Light-emitting elements utilizing electroluminescence are classified

according to the type of a light emitting material, that is, an organic compound or an

inorganic compound. In general, the former is referred to as an organic EL element,

the latter as an inorganic EL element.

[0168]

In an organic EL element, voltage is applied to the light-emitting element, so

that electrons are injected from an electrode into a layer including a light-emitting

organic compound, and holes are injected from the other electrode into the layer

including the light-emitting organic compound, and there flows electric current. Then,

by recombination of these carriers (electrons and holes), the organic compound having a

light-emitting property gets in an excited state, and light is emitted when the excited

state returns to a ground state. From such a mechanism, such a light emitting element
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is referred to as a current-excitation-type light-emitting element.

[0169]

Inorganic EL elements are classified in a dispersive inorganic EL element and a

thin-film inorganic EL element. A dispersive inorganic EL element includes a

light-emitting layer in which particles of a light-emitting material are dispersed in a

binder, and light emission mechanism thereof is donor-acceptor recombination light

emission, in which a donor level and an acceptor level are utilized. In a thin film

inorganic EL element, a light-emitting layer is sandwiched between dielectric layers,

and the dielectric layers are sandwiched between electrodes. Light emission

mechanism of the thin film inorganic EL element is local light emission, in which

inner-shell electron transition of a metal ion is utilized. In this embodiment,

description will be made using an organic EL element as a light-emitting element.

[0170]

FIG. 18 illustrates an example of a pixel structure to which digital time

grayscale driving can be applied, as an example of a semiconductor device.

[0171]

A structure and an operation of the pixel to which digital time grayscale driving

can be applied are described below. An example is described in this embodiment in

which one pixel includes two n-channel transistors using an oxide semiconductor layer

(an In-Ga-Zn-O-based non-single-crystal film) in a channel formation region.

[0172]

A pixel 6400 includes a switching transistor 6401, a driving transistor 6402, a

light-emitting element 6404, and a capacitor 6403. A gate of the switching transistor

6401 is connected to a scan line 6406, a first electrode (one of a source electrode and a

drain electrode) of the switching transistor 6401 is connected to a signal line 6405, and

a second electrode (the other of the source electrode and the drain electrode) of the

switching transistor 6401 is connected to a gate of the driving transistor 6402. The

gate of the driving transistor 6402 is connected to a power supply line 6407 through the

capacitor 6403, a first electrode of the driving transistor 6402 is connected to the power

supply line 6407, and a second electrode of the driving transistor 6402 is connected to a

first electrode (pixel electrode) of the light—emitting element 6404. A second electrode

of the light—emitting element 6404 corresponds to a common electrode 6408.
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[0173]

The second electrode of the light-emitting element 6404 (the common electrode

6408) is set to a low power supply potential. The low power supply potential is a

potential satisfying the low power supply potential < a high power supply potential with

the high power supply potential set to the power supply line 6407 as a reference. As

the low power supply potential, GND, 0 V, or the like may be employed, for example.

A potential difference between the high power supply potential and the low power

supply potential is applied to the light-emitting element 6404, and a current is supplied

to the light-emitting element 6404. Here, in order to make the light-emitting element

6404 emit light, each potential is set so that the potential difference between the high

power supply potential and the low power supply potential is a forward threshold

voltage or higher.

[0174]

Gate capacitance of the driving transistor 6402 may be used as a substitute for

the capacitor 6403, so that the capacitor 6403 can be omitted. The gate capacitance of

the driving transistor 6402 may be formed between a channel region and a gate

electrode.

[0175]

In the case of voltage-input voltage-driving method, a video signal is input to

the gate of the driving transistor 6402 so that the driving transistor 6402 is in either of

two states of being sufficiently turned on and turned off. That is, the driving transistor

6402 operates in a linear region. Since the driving transistor 6402 operates in a linear

region, a voltage higher than the voltage of the power supply line 6407 is applied to the

gate of the driving transistor 6402. Note that a voltage greater than or equal to the sum

voltage of the power supply line voltage and Vth of the driving transistor 6402 is applied

to the signal line 6405.

[0176]

In the case of performing analog grayscale driving instead of digital time

grayscale driving, the same pixel structure as that in FIG. 18 can be used by changing

signal input.

[0177]

In the case of performing the analog grayscale driving, a voltage greater than or
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equal to the sum of the forward voltage of the light-emitting element 6404 and Vth of

the driving transistor 6402 is applied to the gate of the driving transistor 6402. The

forward voltage of the light-emitting element 6404 refers to a voltage to obtain a desired

luminance, and includes at least a forward threshold voltage. The video signal such

that the driving transistor 6402 operates in a saturation region is input, so that a current

can be supplied to the light-emitting element 6404. In order that the driving transistor

6402 can operate in the saturation region, the potential of the power supply line 6407 is

higher than the gate potential of the driving transistor 6402. Since the video signal is

an analog signal, a current in accordance with the video signal flows in the

light-emitting element 6404, and the analog grayscale driving can be performed.

[0178]

Note that the pixel structure illustrated in FIG. 18 is not limited thereto. For

example, a switch, a resistor, a capacitor, a transistor, a logic circuit, or the like may be

added to the pixel illustrated in FIG. 18.

[0179]

Next, structures of a light-emitting element will be described using FIGS. 19A

to 19C. In this embodiment, cross—sectional structures of pixels are described taking

the case where a driving TFT is the thin film transistor 170, as an example. Driving

TFTs 7001, 7011, and 7021 used in semiconductor devices illustrated in FIGS. 19A to

19C can be manufactured in a manner similar to that of the thin film transistor 170

described in Embodiment 1 and are thin film transistors having high electrical

characteristics, each including an In-Ga-Zn-O-based non-single-crystal film as a

semiconductor layer.

[0180]

In order to extract light emission from the light-emitting element, at least one

of the anode and the cathode of the light-emitting element is required to be transparent.

The thin film transistors and the light-emitting element are formed over the substrate.

A light-emitting element can have a top emission structure in which light is extracted

through the surface opposite to the substrate; a bottom emission structure in which light

is extracted through the surface on the substrate side; or a dual emission structure in

which light is extracted through the surface opposite to the substrate and the surface on

the substrate side. The pixel structure illustrated in FIG 18 can be applied to a
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light—emitting element having any of these emission structures.

[0181]

A light-emitting element having a top emission structure is described with

reference to FIG. 19A.

[0182]

FIG. 19A is a cross—sectional view of a pixel in the case where a driving TFT

7001 is the thin film transistor 170 shown in FIG. 1B and light emission from a

light-emitting element 7002 passes to an anode 7005 side. In FIG 19A, a cathode

7003 of the light-emitting element 7002 is electrically connected to the driving TFT

7001, and a light—emitting layer 7004 and the anode 7005 are stacked in this order over

the cathode 7003. The cathode 7003 can be formed using various conductive materials

as long as they have a low work function and reflect light. For example, Ca, Al, CaF,

MgAg, AlLi, or the like is preferably used. The light-emitting layer 7004 may be

formed using either a single layer or a stacked layer of a plurality of layers. If the

light-emitting layer 7004 is formed using a plurality of layers, the light-emitting layer

7004 is formed by stacking an electron-injecting layer, an electron-transporting layer, a

light-emitting layer, a hole-transporting layer, and a hole-injecting layer in this order

over the cathode 7003. It is not necessary to form all of these layers. The anode

7005 is formed using a light-transmitting conductive film such as a film of indium oxide

including tungsten oxide, indium zinc oxide including tungsten oxide, indium oxide

including titanium oxide, indium tin oxide including titanium oxide, indium tin oxide

(hereinafter, referred to as ITO), indium zinc oxide, or indium tin oxide to which silicon

oxide is added.

[0183]

A region where the light—emitting layer 7004 is sandwiched between the

cathode 7003 and the anode 7005 corresponds to the light—emitting element 7002. In

the case of the pixel illustrated in FIG 19A, light emitted from the light-emitting

element 7002 is ejected to the anode 7005 side as indicated by an arrow.

[0184]

A light-emitting element having a bottom emission structure is described next

with reference to FIG 19B. FIG 19B is a cross-sectional view of a pixel in the case

where a driving TFT 7011 is the thin film transistor 170 shown in FIG. 1A and light
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emission from a light-emitting element 7012 passes to a cathode 7013 side. In FIG.

19B, the cathode 7013 of the light-emitting element 7012 is formed over a

light-transmitting conductive film 7017 that is electrically connected to the driving TFT

7011, and a light-emitting layer 7014 and an anode 7015 are stacked in this order over

the cathode 7013. A blocking film 7016 for reflecting or blocking light may be formed

so as to cover the anode 7015 when the anode 7015 has a light—transmitting property.

For the cathode 7013, a variety of materials can be used as in the case of FIG. 19A as

long as they are conductive materials having a low work function. The cathode 7013

has a thickness that can transmit light (preferably, about 5 to 30 nm). For example, an

aluminum film with a thickness of 20 nm can be used as the cathode 7013. In a

manner similar to that of FIG. 19A, the light-emitting layer 7014 may be formed using

either a single-layer structure or a layered structure of a plurality of layers. Although

the anode 7015 does not need to transmit light, the anode 7015 can be formed using a

light-transmitting conductive material in a manner similar to that of FIG 19A. For the

blocking film 7016, a metal or the like that reflects light can be used; however, it is not

limited to a metal film. For example, a resin or the like to which black pigments are

added can be used.

[0185]

A region where the light-emitting layer 7014 is sandwiched between the

cathode 7013 and the anode 7015 corresponds to the light—emitting element 7012. In

the case of the pixel illustrated in FIG. 19B, light emitted from the light-emitting

element 7012 is ejected to the cathode 7013 side as indicated by an arrow.

[0186]

Next, a light—emitting element having a dual emission structure is described

with reference to FIG 19C. In FIG 19C, a cathode 7023 of a light-emitting element

7022 is formed over a light-transmitting conductive film 7027 which is electrically

connected to the driving TFT 7021, and a light-emitting layer 7024 and an anode 7025

are stacked in this order over the cathode 7023. As in the case of FIG 19A, the

cathode 7023 can be formed using a variety of conductive materials as long as they have

a low work function. The cathode 7023 has a thickness that can transmit light. For

example, an Al film having a thickness of 20 nm can be used as the cathode 7023. In a

manner similar to that of FIG. 19A, the light-emitting layer 7024 may be formed using

49

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 419 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 420 of 490

10

15

20

25

30

either a single-layer structure or a layered structure of a plurality of layers. In a

manner similar to that of FIG. 19A, the anode 7025 can be formed using a

light-transmitting conductive material.

[0187]

A region where the cathode 7023, the light-emitting layer 7024, and the anode

7025 overlap with each other corresponds to the light-emitting element 7022. In the

case of the pixel illustrated in FIG. 19C, light emitted from the light-emitting element

7022 is ejected to both an anode 7025 side and a cathode 7023 side as indicated by

arrows.

[0188]

Although an organic EL element is described as a light-emitting element in this

embodiment, an inorganic EL element may be provided as a light-emitting element.

[0189]

This embodiment describes the example in which a thin film transistor for

controlling the drive of a light-emitting element (the driving TFT) is electrically

connected to the light-emitting element. However, a current control TFT may be

connected between the driving TFT and the light—emitting element.

[0190]

A semiconductor device described in this embodiment is not limited to the

structures illustrated in FIGS. 19A to 19C and can be modified in various ways based on

the spirit of techniques according to the present invention disclosed in this specification.

[0191]

Next, a top surface and a cross section of a light-emitting display panel (also

referred to as a light-emitting panel), which is one embodiment of the semiconductor

device will be described with reference to FIGS. 22A and 22B. FIG 22A is a top view

of a panel in which a thin film transistor and a light-emitting element are sealed between

a first substrate and a second substrate with a sealant. FIG. 22B is a cross-sectional

view taken along line H-I of FIG 22A.

[0192]

A sealant 4505 is provided to surround a pixel portion 4502, signal line driver

circuits 4503a and 4503b, and scan line driver circuits 4504a and 4504b, which are

provided over a first substrate 4501. In addition, a second substrate 4506 is provided
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over the pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the scan

line driver circuits 4504a and 4504b. Accordingly, the pixel portion 4502, the signal

line driver circuits 4503a and 4503b, and the scan line driver circuits 4504a and 4504b

are sealed together with a filler 4507, by the first substrate 4501, the sealant 4505, and

the second substrate 4506. It is preferable that a display device be thus packaged

(sealed) with a protective film (such as a bonding film or an ultraviolet curable resin

film) or a cover material with high air-tightness and little degasification so that the

display device is not exposed to the outside air.

[0193]

The pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the

scan line driver circuits 4504a and 4504b formed over the first substrate 4501 each

include a plurality of thin film transistors, and a thin film transistor 4510 included in the

pixel portion 4502 and a thin film transistor 4509 included in the signal line driver

circuit 4503a are illustrated as an example in FIG. 20B.

[0194]

As the thin film transistors 4509 and 4510, the highly reliable thin film

transistors described in Embodiment 1, each including an In-Ga-Zn-O-based

non—single—crystal film as a semiconductor layer can be used.

[0195]

Moreover, reference numeral 4511 denotes a light-emitting element. A first

electrode layer 4517 that is a pixel electrode included in the light-emitting element 4511

is electrically connected to a source electrode layer or a drain electrode layer of the thin

film transistor 4510. Note that a structure of the light-emitting element 4511 which

includes the first electrode layer 4517, an electroluminescent layer 4512, and the second

electrode layer 4513 is not limited to the structure described in Embodiment 6. The

structure of the light-emitting element 4511 can be changed as appropriate depending on

the direction in which light is extracted from the light-emitting element 4511, or the

like.

[0196]

A bank 4520 is formed using an organic resin film, an inorganic insulating film,

or organic polysiloxane. It is particularly preferable that the bank 4520 be formed

using a photosensitive material to have an opening over the first electrode layer 4517 so
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that a sidewall of the opening is formed as an inclined surface With continuous

curvature.

[0197]

The electroluminescent layer 4512 may be formed as a single layer or a

plurality of layers stacked.

[0198]

A protective film may be formed over the second electrode layer 4513 and the

bank 4520 in order to prevent oxygen, hydrogen, moisture, carbon dioxide, or the like

from entering into the light-emitting element 4511. As the protective film, a silicon

nitride film, a silicon nitride oxide film, a DLC film, or the like can be formed.

[0199]

A variety of signals and potentials are supplied to the signal line driver circuits

4503a and 4503b, the scan line driver circuits 4504a and 4504b, or the pixel portion

4502 from FPCs 4518a and 4518b.

[0200]

In Embodiment 6, a connection terminal electrode 4515 is formed from the

same conductive film as the first electrode layer 4517 included in the light-emitting

element 4511, and a terminal electrode 4516 is formed from the same conductive film as

the source and drain electrode layers included in the thin film transistors 4509 and 4510.

[0201]

The connection terminal electrode 4515 is electrically connected to a terminal

of the FPC 4518a through an anisotropic conductive film 4519.

[0202]

As the second substrate located in the direction in which light is extracted from

the light-emitting element 4511 needs to have a light-transmitting property. In that

case, a material with a light-transmitting property, such as a glass plate, a plastic sheet, a

polyester film, or an acrylic film is used.

[0203]

As the filler 4507, an ultraviolet curable resin or a thermosetting resin can be

used, in addition to an inert gas such as nitrogen or argon. For example, PVC

(polyvinyl chloride), acrylic, polyimide, an epoxy resin, a silicone resin, PVB

(polyvinyl butyral), or EVA (ethylene vinyl acetate) can be used.
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[0204]

If necessary, an optical film such as a polarizing plate, a circularly polarizing

plate (including an elliptically polarizing plate), a retardation plate (a quarter-wave plate

or a half-wave plate), or a color filter may be provided as appropriate for a

light-emitting surface of the light-emitting element. Further, the polarizing plate or the

circularly polarizing plate may be provided with an anti-reflection film. For example,

anti—glare treatment may be carried out by which reflected light can be diffused by

projections and depressions on the surface so as to reduce the glare.

[0205]

The signal line driver circuits 4503a and 4503b and the scan line driver circuits

4504a and 4504b may be mounted as driver circuits formed using a single crystal

semiconductor film or polycrystalline semiconductor film over a single crystal

semiconductor substrate or an insulating substrate separately prepared. Alternatively,

only the signal line driver circuits or part thereof, or the scan line driver circuits or part

thereof may be separately formed and mounted. This embodiment is not limited to the

structure illustrated in FIGS. 22A and 22B.

[0206]

Through the above process, a light-emitting display device (display panel) can

be manufactured at low cost.

[0207]

This embodiment can be implemented in appropriate combination with any of

the structures described in Embodiments 1 to 3.

[Embodiment 7]

[0208]

In this embodiment, top surfaces and a cross section each of a liquid crystal

display panel which corresponds to one example of the semiconductor device will be

described using FIGS. 20A1, 20A2, and 20B. FIGS. 20A1 and 20A2 are each a top

view of a panel in which thin film transistors 4010 and 4011 formed over a first

substrate 4001 and a liquid crystal element 4013 are sealed between the first substrate

4001 and a second substrate 4006 with a sealant 4005. The thin film transistors 4010

and 4011 are according to Embodiment 1 and each includes an In—Ga—Zn—O—based

non—single-crystal film as a semiconductor layer. FIG 20B is a cross—sectional view
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along line M-N of each of FIGS. 20A1 and 20A2.

[0209]

The sealant 4005 is provided so as to surround a pixel portion 4002 and a scan

line driver circuit 4004 that are provided over the first substrate 4001. The second

substrate 4006 is provided over the pixel portion 4002 and the scan line driver circuit

4004. Therefore, the pixel portion 4002 and the scan line driver circuit 4004 are sealed

together with a liquid crystal layer 4008, by the first substrate 4001, the sealant 4005,

and the second substrate 4006. A signal line driver circuit 4003 that is formed using a

single crystal semiconductor film or a polycrystalline semiconductor film over a

substrate separately prepared is mounted in a region different from the region

surrounded by the sealant 4005 over the first substrate 4001.

[0210]

Note that there is no particular limitation on the connection method of a driver

circuit which is separately formed, and a COG method, a wire bonding method, a TAB

method, or the like can be used. FIG. 20A1 illustrates an example of mounting the

signal line driver circuit 4003 by a COG method, and FIG. 20A2 illustrates an example

of mounting the signal line driver circuit 4003 by a TAB method.

[0211]

The pixel portion 4002 and the scan line driver circuit 4004 provided over the

first substrate 4001 each include a plurality of thin film transistors. FIG 20B

illustrates the thin film transistor 4010 included in the pixel portion 4002 and the thin

film transistor 4011 included in the scanning line driver circuit 4004. Insulating layers

4020 and 4021 are provided over the thin film transistors 4010 and 4011.

[0212]

As each of the thin film transistors 4010 and 4011, the thin film transistor

including an In-Ga-Zn-O-based non-single-crystal film as a semiconductor layer, which

is described in Embodiment 1 can be employed. The thin film transistor 4011

corresponds to the thin film transistor 170 shown in FIG 1 of Embodiment 1.

[0213]

A pixel electrode layer 4030 included in the liquid crystal element 4013 is

electrically connected to the thin film transistor 4010. A counter electrode layer 4031

of the liquid crystal element 4013 is formed over the second substrate 4006. A portion
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where the pixel electrode layer 4030, the counter electrode layer 4031, and the liquid

crystal layer 4008 overlap with one another corresponds to the liquid crystal element

4013. Note that the pixel electrode layer 4030 and the counter electrode layer 4031 are

provided with an insulating layer 4032 and an insulating layer 4033, respectively, each

of which functions as an alignment film. The liquid crystal layer 4008 is sandwiched

between the pixel electrode layer 4030 and the counter electrode layer 4031 with the

insulating layers 4032 and 4033 interposed therebetween.

[0214]

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

glass, metal (typically, stainless steel), ceramic, or plastic. As for plastic, an FRP

(fiberglass-reinforced plastics) plate, a PVF (polyvinyl fluoride) film, a polyester film,

or an acrylic resin film can be used. Further, sheet in which aluminum foil is

sandwiched by PVF films or polyester films can also be used.

[0215]

A columnar spacer denoted by reference numeral 4035 is obtained by selective

etching of an insulating film and is provided in order to control the distance (a cell gap)

between the pixel electrode layer 4030 and the counter electrode layer 4031. Note that

a spherical spacer may be used. The counter electrode layer 4031 is electrically

connected to a common potential line provided over the same substrate as the substrate

of the thin film transistor 4010. With the use of the common connection portion, the

counter electrode layer 4031 can be electrically connected to the common potential line

through conductive particles provided between the pair of substrates. Note that the

conductive particles are contained in the sealant 4005.

[0216]

Alternatively, a liquid crystal showing a blue phase for which an alignment

film is unnecessary may be used. A blue phase is one of the liquid crystal phases,

which is generated just before a cholesteric phase changes into an isotropic phase while

temperature of cholesteric liquid crystal is increased. Since the blue phase is only

generated within a narrow range of temperatures, a liquid crystal composition

containing a chiral agent at 5 wt% or more is used for the liquid crystal layer 4008 in

order to improve the temperature range. The liquid crystal composition which

includes a liquid crystal showing a blue phase and a chiral agent has a small response
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time of 10 to 100 us, has optical isotropy, which makes the alignment process unneeded,

and has a small viewing angle dependence.

[0217]

Although an example of a transmissive liquid crystal display device is

described in this embodiment, the present invention can also be applied to a reflective

liquid crystal display device or a transflective liquid crystal display device.

[0218]

In Embodiment 7, an example of the liquid crystal display device is described

in which a polarizing plate is provided on the outer surface of the substrate (on the

viewer side) and a coloring layer and an electrode layer used for a display element are

provided on the inner surface of the substrate in this order; however, the polarizing plate

may be provided on the inner surface of the substrate. The stack structure of the

polarizing plate and the coloring layer is not limited to that described in Embodiment 7

and may be set as appropriate depending on materials of the polarizing plate and the

coloring layer or conditions of manufacturing steps. Furthermore, a light-blocking

film serving as a black matrix may be provided.

[0219]

In this embodiment, in order to reduce surface roughness of the thin film

transistor and to improve reliability of the thin film transistor, the thin film transistor

obtained by Embodiment 1 is covered with the insulating layers (the insulating layer

4020 and the insulating layer 4021) each functioning as a protective film or a

planarizing insulating film. The protective film is provided to prevent entry of

impurities floating in air, such as an organic substance, a metal substance, or moisture,

and is preferably a dense film. The protective film may be formed by a sputtering

method to be a single-layer film or a stack of a silicon oxide film, a silicon nitride film,

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

aluminum nitride film, an aluminum oxynitride film, and/or an aluminum nitride oxide

film. Although an example in which the protective film is formed by a sputtering

method is described in this embodiment, the present invention is not limited to this

example, and the protective film may be formed by a variety of methods such as a

PCVD method.

[0220]
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In this embodiment, the insulating layer 4020 having a stack structure is

formed as the protective film. As a first layer of the insulating layer 4020, a silicon

oxide film is formed by a sputtering method. The use of the silicon oxide film as the

protective film has the effect of preventing a hillock of an aluminum film used for the

source and drain electrode layers.

[0221]

In addition, an insulating layer is formed as a second layer of the protective

film. In this embodiment, as the second layer of the insulating layer 4020, a silicon

nitride film is formed by a sputtering method. The use of the silicon nitride film as the

protective film can prevent the entry of mobile ions of sodium or the like to a

semiconductor region so that variation in electrical characteristics of the TFT can be

suppressed.

[0222]

After the protective film is formed, the semiconductor layer may be subjected

to annealing (at 300 to 400 0C).

[0223]

Then, the insulating layer 4021 is formed as the planarizing insulating film.

The insulating layer 4021 can be formed using an organic material having heat

resistance, such as polyimide, acrylic, benzocyclobutene, polyamide, or epoxy. Other

than such organic materials, it is also possible to use a low-dielectric constant material

(a low-k material), a siloxane-based resin, PSG (phosphosilicate glass), BPSG

(borophosphosilicate glass), or the like. Note that the insulating layer 4021 may be

formed by stacking a plurality of insulating films formed using any of these materials.

[0224]

Note that a siloxane resin is a resin formed from a siloxane material as a

starting material and having the bond of Si—O—Si. A siloxane—based resin may use, as a

substituent, an organic group (e.g., an alkyl group, and an aryl group) or a fluoro group.

The organic group may have a fluoro group.

[0225]

There is no particular limitation on the method for forming the insulating layer

4021, and the insulating layer 4021 can be formed, depending on the material, by a

sputtering method, an SOG method, a spin coating method, a dipping method, a spray
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coating method, a droplet discharge method (e.g., an inkjet method, screen printing,

offset printing, or the like), a doctor knife, a roll coater, a curtain coater, a knife coater,

or the like. In the case where the insulating layer 4021 is formed using a material

solution, the semiconductor layer may be annealed (at 300 to 400 0C) at the same time

as a baking step. The baking step of the insulating layer 4021 also serves as the

annealing step of the semiconductor layer, whereby a semiconductor device can be

manufactured efficiently.

[0226]

The pixel electrode layer 4030 and the counter electrode layer 4031 can be

made of a light-transmitting conductive material such as indium oxide containing

tungsten oxide, indium zinc oxide containing tungsten oxide, indium oxide containing

titanium oxide, indium tin oxide containing titanium oxide, indium tin oxide

(hereinafter referred to as ITO), indium zinc oxide, or indium tin oxide to which silicon

oxide is added..

[0227]

A conductive composition containing a conductive high molecule (also referred

to as a conductive polymer) can be used for forming the pixel electrode layer 4030 and

the counter electrode layer 4031.1t is preferable that the pixel electrode formed using a

conductive composition have sheet resistance of 10000 Q/square or less, and light

transmittance of greater than or equal to 70 % at a wavelength of 550 nm. Further, it is

preferable that the conductive high molecule contained in the conductive composition

have resistance of less than or equal to 0.1 Q-cm.

[0228]

As the conductive high molecule, a so—called TE electron conjugated conductive

high molecule can be used. For example, polyaniline and/or a derivative thereof,

polypyrrole and/or a derivative thereof, polythiophene and/or a derivative thereof, and a

copolymer of two or more kinds of those materials can be given.

[0229]

The variety of signals and potentials are supplied to the signal line driver

circuit 4003 that is formed separately, and the scan line driver circuit 4004 or the pixel

portion 4002 from an FPC 4018.
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[0230]

In Embodiment 7, a connection terminal electrode 4015 is formed from the

same conductive film as the pixel electrode layer 4030 included in the liquid crystal

element 4013, and a terminal electrode 4016 is formed from the same conductive film

as source and drain electrode layers of the thin film transistors 4010 and 4011.

[0231]

The connection terminal electrode 4015 is electrically connected to a terminal

included in the FPC 4018 through an anisotropic conductive film 4019.

[0232]

Although FIGS. 20A1 and 20A2 illustrate an example in which the signal line

driver circuit 4003 is formed separately and mounted on the first substrate 4001, this

embodiment is not limited to this structure. The scan line driver circuit may be formed

separately and then mounted, or only a part of the signal line driver circuit or a part of

the scan line driver circuit may be formed separately and then mounted.

[0233]

FIG. 21 illustrates an example of a liquid crystal display module which is

formed as a semiconductor device by using a TFT substrate 2600.

[0234]

FIG. 21 shows an example of a liquid crystal display module, in which the TFT

substrate 2600 and a counter substrate 2601 are fixed to each other with a sealant 2602,

and a pixel portion 2603 including a TFT and the like, a display element 2604 including

a liquid crystal layer, a coloring layer 2605, and a polarizing plate 2606 are provided

between the substrates to form a display region. A coloring layer 2605 is necessary to

perform color display. In the case of the RGB system, respective coloring layers for

red, green, and blue colors are provided for respective pixels. Polarizing plates 2606

and 2607 and a diffuser plate 2613 are provided outside the TFT substrate 2600 and the

counter substrate 2601. A light source includes a cold cathode tube 2610 and a

reflective plate 2611, and a circuit substrate 2612 is connected to a wiring circuit portion

2608 of the TFT substrate 2600 through a flexible wiring board 2609 and includes an

external circuit such as a control circuit and a power source circuit. The polarizing

plate and the liquid crystal layer may be stacked with a retardation film interposed

therebetween.
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[0235]

The liquid crystal display module can use any of the following modes: a TN

(Twisted Nematic) mode, an IPS (In-Plane-Switching) mode, an FFS (Fringe Field

Switching) mode, an MVA (Multi-domain Vertical Alignment) mode, a PVA (Patterned

Vertical Alignment) mode, an ASM (Axially Symmetric aligned Micro-cell) mode, an

OCB (Optical Compensated Birefringence) mode, an FLC (Ferroelectric Liquid

Crystal) mode, an AFLC (AntiFerroelectric Liquid Crystal) mode, and the like.

[0236]

Through the above process, a liquid crystal display panel as a semiconductor

device can be manufactured at reduced cost.

[0237]

This embodiment can be implemented in appropriate combination with any of

the structures described in Embodiments l to 3.

[Embodiment 8]

[0238]

Electronic paper can be used for electronic devices of a variety of fields as long

as they display data. For example, an electronic paper can be applied to an e—book

reader (electronic book), a poster, an advertisement in a vehicle such as a train, or

displays of various cards such as a credit card. Examples of the electronic devices are

illustrated in FIGS. 23A and 23B and FIG. 24.

[0239]

FIG. 23A illustrates a poster 2631 formed using electronic paper. In the case

where an advertising medium is printed paper, the advertisements are replaced by

hands; however, by using electronic paper to which Embodiment 3 is applied, the

advertisements can be changed in a short period of time. Further, stable images can be

obtained without display defects. The poster may have a configuration capable of

wirelessly transmitting and receiving data.

[0240]

FIG. 23B illustrates an advertisement 2632 in a vehicle such as a train. In the

case where an advertising medium is printed paper, the advertisement is replaced by

hands; however, by using electronic paper to which Embodiment 3 is applied, the

advertising display can be changed in a short period of time with less manpower.
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Furthermore, stable images can be obtained without display defects. The poster may

have a configuration capable of wirelessly transmitting and receiving data.

[0241]

FIG. 24 illustrates an example of an e-book reader 2700. For example, the

e—book reader 2700 includes two housings, a housing 2701 and a housing 2703. The

housing 2701 and the housing 2703 are combined with a hinge 2711 so that the e-book

reader 2700 can be opened and closed with the hinge 2711 as an axis. With such a

structure, the e—book reader 2700 can operate like a paper book.

[0242]

A display portion 2705 and a display portion 2707 are incorporated in the

housing 2701 and the housing 2703, respectively. The display portion 2705 and the

display portion 2707 may display one image or different images. In the case where the

display portion 2705 and the display portion 2707 display different images, for example,

a display portion on the right side (the display portion 2705 in FIG. 24) can display text

and a display portion on the left side (the display portion 2707 in FIG. 24) can display

graphics.

[0243]

FIG. 24 illustrates an example in which the housing 2701 is provided with an

operation portion and the like. For example, the housing 2701 is provided with a

power switch 2721, an operation key 2723, a speaker 2725, and the like. With the

operation key 2723, pages can be turned. Note that a keyboard, a pointing device, and

the like may be provided on the same surface as the display portion of the housing.

Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a

terminal that can be connected to various cables such as an AC adapter and a USB cable,

or the like), a recording medium insertion portion, and the like may be provided on the

back surface or the side surface of the housing. Moreover, the e—book reader 2700 may

have a function of an electronic dictionary.

[0244]

The e—book reader 2700 may have a configuration capable of wirelessly

transmitting and receiving data. Through wireless communication, desired book data

or the like can be purchased and downloaded from an electronic book server.

[Embodiment 9]
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[0245]

A semiconductor device according to one embodiment of the present invention

can be applied to a variety of electronic devices (including an amusement machine).

Examples of electronic devices include: television sets (also referred to as televisions or

television receivers), monitor of computers or the like, cameras such as digital cameras

or digital video cameras, digital photo frames, cellular phones (also referred to as

mobile phones or mobile phone sets), portable game consoles, portable information

terminals, audio reproducing devices, large-sized game machines such as pachinko

machines, and the like.

[0246]

FIG. 25A illustrates an example of a television set 9600. In the television set

9600, a display portion 9603 is incorporated in a housing 9601. The display portion

9603 can display images. In FIG. 25A, the housing 9601 is supported by a stand 9605.

[0247]

The television set 9600 can be operated with an operation switch of the housing

9601 or a separate remote controller 9610. Channels and volume can be controlled

with an operation key 9609 of the remote controller 9610 so that an image displayed on

the display portion 9603 can be controlled. Furthermore, the remote controller 9610

may be provided with a display portion 9607 for displaying data output from the remote

controller 9610.

[0248]

Note that the television set 9600 is provided with a receiver, a modem, and the

like. With the use of the receiver, general television broadcasting can be received.

Moreover, when the display device is connected to a communication network with or

without wires via the modem, one—way (from a sender to a receiver) or two—way

(between a sender and a receiver or between receivers) information communication can

be performed.

[0249]

FIG. 25B illustrates an example of a digital photo frame 9700. For example,

in the digital photo frame 9700, a display portion 9703 is incorporated in a housing

9701. Various images can be displayed on the display portion 9703.For example, the

display portion 9703 can display data of an image shot by a digital camera or the like to
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function as a normal photo frame.

[0250]

Note that the digital photo frame 9700 is provided with an operation portion, an

external connection portion (a USB terminal, a terminal that can be connected to various

cables such as a USB cable, or the like), a recording medium insertion portion, and the

like. Although they may be provided on the same surface as the display portion, it is

preferable to provide them on the side surface or the back surface for the design of the

digital photo frame 9700. For example, a memory storing data of an image shot by a

digital camera is inserted in the recording medium insertion portion of the digital photo

frame, whereby the image data can be downloaded and displayed on the display portion

9703.

[0251]

The digital photo frame 9700 may transmit and receive data wirelessly.

Through wireless communication, desired image data can be downloaded to be

displayed.

[0252]

FIG. 26A is a portable game machine and includes two housings, a housing

9881 and a housing 9891, which are connected with a joint portion 9893 so that the

portable game machine can be opened or folded. A display portion 9882 and a display

portion 9883 are incorporated in the housing 9881 and the housing 9891, respectively.

In addition, the portable game machine illustrated in FIG. 26A is provided with a

speaker portion 9884, a recording medium insert portion 9886, an LED lamp 9890,

input means (operation keys 9885, a connection terminal 9887, a sensor 9888 (having a

function of measuring force, displacement, position, speed, acceleration, angular

velocity, rotation number, distance, light, liquid, magnetism, temperature, chemical

substance, sound, time, hardness, electric field, current, voltage, electric power, radial

ray, flow rate, humidity, gradient, vibration, odor, or infrared ray), and a microphone

9889), and the like. It is needless to say that the structure of the portable amusement

machine is not limited to the above as long as the structure is provided with at least a

semiconductor device including the thin film transistor described in Embodiment 1 or 2.

The portable amusement machine may include other accessory equipment as

appropriate. The portable game machine illustrated in FIG. 26A has a function of
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reading a program or data stored in a recording medium to display it on the display

portion, and a function of sharing information with another portable game machine by

wireless communication. Note that the function of the portable game machine

illustrated in FIG. 26A is not limited to those described above, and the portable game

machine can have a variety of functions.

[0253]

FIG. 26B illustrates an example of a slot machine 9900 which is a large-sized

amusement machine. In the slot machine 9900, a display portion 9903 is incorporated

in a housing 9901. In addition, the slot machine 9900 includes an operation means

such as a start lever or a stop switch, a coin slot, a speaker, and the like. It is needless

to say that the structure of the slot machine 9900 is not limited to the above as long as

the structure is provided with at least a semiconductor device including the thin film

transistor described in Embodiment 1 or 2. The slot machine 9900 may include other

accessory equipment as appropriate.

[0254]

FIG. 27 illustrates an example of a mobile phone 1000. The mobile phone

1000 is provided with a display portion 1002 incorporated in a housing 1001, operation

buttons 1003, an external connection port 1004, a speaker 1005, a microphone 1006,

and the like.

[0255]

When the display portion 1002 of the mobile phone 1000 illustrated in FIG 27

is touched with a finger or the like, data can be input into the mobile phone 1000.

Furthermore, operations such as making calls and composing mails can be performed by

touching the display portion 1002 with a finger or the like.

[0256]

There are mainly three screen modes of the display portion 1002. The first

mode is a display mode mainly for displaying an image. The second mode is an input

mode mainly for inputting information such as text. The third mode is a

display-and—input mode in which two modes of the display mode and the input mode

are mixed.

[0257]

For example, in the case of making a call or composing a mail, a text input
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mode mainly for inputting text is selected for the display portion 1002 so that text

displayed on a screen can be input. In that case, it is preferable to display a keyboard

or number buttons on almost all the area of the screen of the display portion 1002.

[0258]

When a detection device including a sensor for detecting inclination, such as a

gyroscope or an acceleration sensor, is provided inside the mobile phone 1000, display

on the screen of the display portion 1002 can be automatically switched by determining

the direction of the mobile phone 1000 (whether the mobile phone 1000 is placed

horizontally or vertically for a landscape mode or a portrait mode).

[0259]

The screen mode is switched by touching the display portion 1002 or operating

the operation buttons 1003 of the housing 1001. Alternatively, the screen modes can

be switched depending on kinds of images displayed in the display portion 1002. For

example, when a signal for an image displayed in the display portion is data of moving

images, the screen mode is switched to the display mode, and whereas when the signal

is text data, the screen mode is switched to the input mode.

[0260]

Moreover, in the input mode, when input by touching the display portion 1002

is not performed within a specified period while a signal detected by the optical sensor

in the display portion 1002 is detected, the screen mode may be controlled so as to be

switched from the input mode to the display mode.

[0261]

The display portion 1002 can also function as an image sensor. For example,

an image of a palm print, a fingerprint, or the like is taken by touching the display

portion 1002 with the palm or the finger, whereby personal authentication can be

performed. Furthermore, by providing a backlight or a sensing light source emitting a

near-infrared light for the display portion, an image of a finger vein, a palm vein, or the

like can also be taken.

[Embodiment 10]

[0262]

The examples in which a buffer layer is provided are described in

Embodiments 1 and 2. In this embodiment, an example in which a buffer layer is not
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provided will be described. Further, an example in which an inverter circuit is formed

using two n-channel thin film transistors will be described below.

[0263]

A driver circuit for driving a pixel portion is formed using an inverter circuit, a

capacitor, a resistor, and the like. When two n-channel TFTs are combined to form an

inverter circuit, there are two types of combinations: a combination of an enhancement

type transistor and a depletion type transistor (hereinafter, a circuit formed by such a

combination is referred to as an “EDMOS circuit”) and a combination of enhancement

type TFTs (hereinafter, a circuit formed by such a combination is referred to as an

“EEMOS circuit”). Note that when the threshold voltage of the n-channel TFT is

positive, the n-channel TFT is defined as an enhancement type transistor, while when

the threshold voltage of the n-channel TFT is negative, the n-channel TFT is defined as

a depletion type transistor, and this specification follows the above definitions.

[0264]

The pixel portion and the driver circuit are formed over the same substrate. In

the pixel portion, ON/OFF of voltage application to a pixel electrode is switched using

enhancement type transistors arranged in a matrix. An oxide semiconductor is used

for these enhancement type transistors arranged in the pixel portion. Since the

enhancement type transistor has electric characteristics such as an on/off ratio of greater

than or equal to 109 at a gate voltage of i 20 V, leakage current is small and low power

consumption drive can be realized.

[0265]

FIG. 32A illustrates a cross-sectional structure of the inverter circuit of the

driver circuit. In FIG. 32A, a first gate electrode 1401 and a second gate electrode

1402 are provided over a substrate 1400. The first gate electrode 1401 and the second

gate electrode 1402 each can be formed to have a single-layer structure or a

stacked-layer structure using a metal material such as molybdenum, titanium, chromium,

tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy material

containing any of these materials as its main component.

[0266]

For example, as a two-layer structure of each of the first gate electrode 1401

and the second gate electrode 1402, the following structures are preferable: a two—layer
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structure of an aluminum layer and a molybdenum layer stacked thereover, a two-layer

structure of a copper layer and a molybdenum layer stacked thereover, a two-layer

structure of a copper layer and a titanium nitride layer or a tantalum nitride layer

stacked thereover, and a two-layer structure of a titanium nitride layer and a

molybdenum layer. As a three-layer structure, a stack of a tungsten layer or a tungsten

nitride layer, a layer of an alloy of aluminum and silicon or an alloy of aluminum and

titanium, and a titanium nitride layer or a titanium layer is preferable.

[0267]

Further, a first wiring 1409, a second wiring 1410, and a third wiring 1411 are

provided over a gate insulating layer 1403 that covers the first gate electrode 1401 and

the second gate electrode 1402. The second wiring 1410 is directly connected to the

second gate electrode 1402 through a contact hole 1404 formed in the gate insulating

layer 1403.

[0268]

Further, a first oxide semiconductor layer 1405 which is on and in contact with

the first wiring 1409 and the second wiring 1410 is provided at a position overlapping

with the first gate electrode 1401, and a second oxide semiconductor layer 1407 which

is on and in contact with the second wiring 1410 and the third wiring 1411 is provided

at a position overlapping with the second gate electrode 1402.

[0269]

A first thin film transistor 1430 includes the first gate electrode 1401 and the

first oxide semiconductor layer 1405 that overlaps with the first gate electrode 1401

with the gate insulating layer 1403 interposed therebetween, and the first wiring 1409 is

a power supply line at a ground potential (a ground power supply line). This power

supply line at a ground potential may be a power supply line to which a negative

voltage VDL is applied (a negative power supply line).

[0270]

In addition, the second thin film transistor 1431 includes the second gate

electrode 1402 and the second oxide semiconductor layer 1407 overlapped with the

second gate electrode 1402 with the gate insulating layer 1403 interposed therebetween,

and the third wiring 1411 is a power supply line to which a positive voltage VDD is

applied (a positive power supply line).
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[0271]

Tapered shapes of the side surfaces of the first wiring 1409 and the second

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

interposed therebetween enable respective regions of the oxide semiconductor layer,

which overlap with the side surfaces of the source electrode layer and the drain

electrode layer to function as electric-field relaxation regions.

[0272]

Further, tapered shapes of the side surfaces of the second wiring 1410 and the

third wiring 1411 which face each other with the second oxide semiconductor layer

1407 interposed therebetween enable respective regions of the oxide semiconductor

layer, which overlap with the side surfaces of the source electrode layer and the drain

electrode layer to function as electric-field relaxation regions.

[0273]

As illustrated in FIG. 32A, the second wiring 1410 which is electrically

connected to both the first oxide semiconductor layer 1405 and the second oxide

semiconductor layer 1407 is directly connected to the second gate electrode 1402 of the

second thin film transistor 1431 through the contact hole 1404 formed in the gate

insulating layer 1403. The second wiring 1410 and the second gate electrode 1402 are

directly connected to each other, whereby favorable contact can be obtained, which

leads to reduction in contact resistance. In comparison with the case where the second

gate electrode 1402 and the second wiring 1410 are connected to each other with

another conductive film, e.g., a transparent conductive film interposed therebetween, a

reduction in the number of contact holes and a reduction in an area occupied by the

driver circuit by the reduction in the number of contact holes can be achieved.

[0274]

Further, FIG. 32C is a top view of the inverter circuit of the driver circuit. A

cross section taken along chain line 21-22 of FIG. 32C corresponds to FIG. 32A.

[0275]

Further, FIG 32B illustrates an equivalent circuit of the EDMOS circuit. The

circuit connection illustrated in FIGS. 32A and 32C corresponds to that illustrated in

FIG 32B. Illustrated is an example in which the first thin film transistor 1430 is an

enhancement-type n-channel transistor and the second thin film transistor 1431 is a
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depletion-type n-channel transistor.

[0276]

Although the example of an EDMOS circuit is described in this embodiment,

the driver circuit may be formed using an EEMOS circuit in which enhancement-type

n-channel transistors are used.

[0277]

Further, although the example in which a buffer layer is not provided is

described in this embodiment, the present invention is not limited thereto and a buffer

layer may be provided over the first wiring 1409, the second wiring 1410, and the third

wiring 1411 like in Embodiment 1.

[0278]

This embodiment can be freely combined with any one of Embodiments 1 to 9.

[Embodiment 11]

[0279]

In Embodiment 11, the degradation of electrical characteristics of thin film

transistors having model structures shown in FIGS. 33A to 33C when stress is applied

was calculated.

[0280]

In a structure shown in FIG. 33A, a gate electrode layer 302 and a gate

insulating layer 303 are stacked over a glass substrate 301 in this order, and a source

electrode layer 304 and a drain electrode layer 305 are formed thereover. An oxide

layer 307 and an oxide layer 308 are provided on the side surface of the source electrode

layer 304 and the side surface of the drain electrode layer 305 respectively. The oxide

layers 307 and 308 here are respective native oxide films of the source electrode layer

304 and the drain electrode layer 305. An oxide semiconductor layer 306 is formed to

cover the source electrode layer 304, the drain electrode layer 305, and the oxide layers

307 and 308.

[0281]

In this embodiment, the gate electrode layer 302 was formed using

molybdenum, and the source electrode layer 304 and the drain electrode layer 305 were

formed using the same material as the gate electrode layer 302. The gate insulating

layer 303 was a silicon oxide film, and thickness thereof was 100 nm and relative

69

BLUEHOUSE EXHIBIT 1002 CONTINUED

Page 439 of 490



BLUEHOUSE EXHIBIT 1002 CONTINUED 
Page 440 of 490

10

15

20

25

30

permittivity er thereof was 4.1. The thickness of the oxide semiconductor layer 306

was 50 nm and a material thereof was an In-Ga-Zn-O-based non-single-crystal film.

Channel length L of the thin film transistor was 10 um and channel width W thereof

was 10 pm.

[0282]

As for the stress which was applied to the thin film transistor, gate voltage Vgs

was set to 2 V and source—drain voltage Vds was set to 20 V. The period of time

during which the stress is applied was 1000 seconds, and the electrical characteristics

before and after the stress application were compared to each other.

[0283]

Device simulator “Atlas” made by Silvaco was used for the calculation.

[0284]

Further, the calculation was performed in the respective cases where the taper

angles 01 of the source electrode layer 304 are 27°, 45°, and 63°. The taper angle 01

of the source electrode layer 304 was set to be the same angle as the taper angle 02 of

the drain electrode layer 305.

[0285]

Calculation results in the case where the taper angle 01 of the source electrode

layer 304 is 27° are shown in FIG. 34.

[0286]

Calculation results in the case where the taper angle 01 of the source electrode

layer 304 is 45° are shown in FIG. 35.

[0287]

Calculation results in the case where the taper angle 01 of the source electrode

layer 304 is 63° are shown in FIG. 36.

[0288]

From these results of FIGS. 34 to 36, such result that the degradation becomes

smaller as the taper angle 01 of the source electrode layer 304 is smaller can be

obtained.

[02 89]

For comparison, the result of the calculation which was performed in the
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similar manner on a structure shown in FIG. 33B where taper angle 01 is 90° is shown

in FIG. 37A. The structure shown in FIG. 33B is the same as the structure shown in

FIG 33A except that the taper angle 01 is different from that in FIG 33A.

[0290]

Furthermore, for comparison, the result of the calculation which was performed

in the similar manner on a structure shown in FIG 33C where taper angle 01 is 27° and

no oxide layer is formed on the side surface of each of a source electrode layer 304 and

a drain electrode layer 305 is shown in FIG 37B. Changing of the taper angle 01 made

no difference in the results as long as there is no oxide layer on the side surface of each

electrode layer. In the case where there is no oxide layer on the side surface of each

electrode layer, the interface between the gate insulating layer 303 and the oxide

semiconductor layer 306 corresponds to a current path, and therefore, the taper angle of

the side surface of the source electrode layer 304 does not affect the current path.

[0291]

From these results, it can be said that degradation of the electrical

characteristics of the thin film transistor can be suppressed by providing the oxide layer

307 and the oxide layer 308 on the respective side surfaces of the source electrode layer

304 and the drain electrode layer 305 and setting the taper angle 01 to be smaller than

90°.

[0292]

The embodiments described above will be described in more detail in examples

below.

[Example 1]

[0293]

In this example, characteristics of a thin film transistor manufactured using an

oxide semiconductor layer will be described.

[0294]

The method for manufacturing a transistor used in this example will be

described below.

[0295]

First, a first conductive film was formed over a substrate and patterned by a
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photolithography method to form a gate electrode 502. Then, a gate insulating layer

503 was formed over the gate electrode 502. Then, a second conductive film and a

buffer layer were formed over the gate insulating layer 503. The second conductive

film and the buffer layer were formed successively without exposing the substrate to the

air. Then, the second conductive film and the buffer layer were patterned by a

photolithography method, so that a source electrode layer 506a and a drain electrode

layer 506b respective parts of which overlap with the gate electrode were formed.

Then, an oxide semiconductor layer was formed over the gate insulating layer, the

source electrode layer, and the drain electrode layer and patterned by a photolithography

method to form an island-shaped oxide semiconductor layer 510 which functions as a

channel formation region. Then, thermal treatment at 350 °C for 1 hour was

performed under a nitrogen atmosphere.

[0296]

As the substrate, a glass substrate manufactured by ASAHI GLASS CO., LTD.

(product name: AN 100) was used.

[0297]

As the first conductive film for forming the gate electrode 502, a tungsten film

with a thickness of 100 nm was formed by a sputtering method.

[0298]

As the gate insulating layer 503, a silicon oxynitride film with a thickness of

100 nm was formed by a plasma CVD method.

[0299]

As the second conductive film for forming the source electrode layer 506a and

the drain electrode layer 506b, a tungsten film with a thickness of 100 nm was formed

by a sputtering method.

[0300]

As the buffer layer, an In-Ga-Zn-O-based non-single-crystal film with a

thickness of 5 to 10 nm was formed by a sputtering method. As for the film deposition

condition, only an argon gas was used and a target in which In2032Ga203:ZnO = 12121

was used.

[0301]

As the oxide semiconductor layer, an In-Ga-Zn-O-based non-single-crystal film
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with a thickness of 150 nm was formed by a sputtering method. The film deposition

condition was as follows: the pressure was 0.4 Pa, the power was 500 W, the film

deposition temperature was 25 °C, the argon gas flow rate was 10 sccm, the oxygen

flow rate was 5 sccm, the distance between the glass substrate and the target was 170

mm, and a direct—current (DC) power source was used. As the target, a target in which

In2032Ga2032ZnO = 12121 (In2Ga2Zn = 12120.5) was used. After a plasma treatment

was performed, the oxide semiconductor layer was formed successively without

exposing a substrate 500 to the air. From the measurement with inductively coupled

plasma mass spectrometry (ICP—MS), the composition of the oxide semiconductor layer

obtained by this film deposition condition was InGa0,94Zn0,4003,31.

[0302]

FIG. 28 is a graph showing a Vg-Id curve of a thin film transistor. In this

example, the drain voltage (a voltage which is applied to the drain with respect to a

voltage which is applied to the source) was set to 1 V for the measurement.

[0303]

In this example also, the structure of the transistor was as follows, which is

shown in FIG. 29. In specific, channel length L of the transistor was set to 100 um,

channel width W of the transistor was set to 100 um, length Ls where the source

electrode layer 506a and the gate electrode 502 overlap with each other was set to 5 um,

length Ld where the drain electrode layer 506b and the gate electrode 502 overlap with

each other was set to 5 pm, and each length A where the oxide semiconductor layer 510

does not overlap with either the source electrode layer 506a or the drain electrode layer

506b in the direction which is parallel to the channel width was set to 5 um.

[0304]

Through the above, it was found that the successive formation of the second

conductive film and the buffer layer without exposing the substrate to the air enables the

on/off ratio of the transistor to be increased and the electron field-effect mobility to be

increased.

[Example 2]

[0305]

In this example, one example of the electrode shape after etching will be
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described. First, the process for manufacturing a sample will be described using FIGS.

30A to 30C. The sample is different from the thin film transistor described in Example

1 only in the cross-sectional shape of each of a source electrode layer and a drain

electrode layer and in that a buffer layer is not formed, and will be described using the

same reference numerals for the same portions as those of the thin film transistor

described in Example 1.

[0306]

First, a first conductive film was formed over a substrate and patterned by a

photolithography method to form a gate electrode 502. Then, a gate insulating layer

503 was formed over the gate electrode 502 (see FIG. 30A). Then, a second

conductive film was formed over the gate insulating layer 503. Then, the second

conductive film was patterned by a photolithography method, so that a source electrode

layer 606a and a drain electrode layer 606b respective parts of which overlap with the

gate electrode were formed (see FIG. 30B). Then, an oxide semiconductor layer was

formed over the gate insulating layer, the source electrode layer, and the drain electrode

layer and patterned by a photolithography method to form an island-shaped oxide

semiconductor layer 610 which functions as a channel formation region was formed

(see FIG. 30C).

[0307]

As the substrate, a glass substrate manufactured by ASAHI GLASS CO., LTD.

(product name: AN 100) was used.

[0308]

As the first conductive film for forming the gate electrode 502, a tungsten film

with a thickness of 100 nm was formed by a sputtering method.

[0309]

As the gate insulating layer 503, a silicon oxynitride film with a thickness of

100 nm was formed by a plasma CVD method.

[03 10]

As the second conductive film for forming the source electrode layer 606a and

the drain electrode layer 606b, a tungsten film with a thickness of 100 nm was formed

by a sputtering method.

[03 l l]
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As the oxide semiconductor layer, an In-Ga-Zn-O-based non-single-crystal film

with a thickness of 150 nm was formed by a sputtering method. The film deposition

condition thereof was the same as that in Example 1.

[03 12]

The source electrode layer 606a and the drain electrode layer 606b were etched

by using an ICP etching apparatus using a coiled antenna. The etching was performed

by generating plasma under the following condition: the gas flow rate of CF4 was set to

25 sccm, the gas flow rate of C13 was set to 25 sccm, the gas flow rate of 02 was set to

10 sccm, and an RF (13.56 MHz) power of 500 W was applied to a coiled electrode at a

pressure of 1.5 Pa. An RF (13.56 MHz) power of 10 W was applied to the substrate

side (sample stage), which means that a negative self-bias voltage was substantially

applied thereto. This etching was stopped when at least the gate insulating film 503 is

exposed to some extent, thereby forming the side surface of the electrode, which has a

step.

[03 13]

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

source electrode layer 606a, the angle 01 formed between the surface of the substrate

and the bottom edge of the side surface of the source electrode layer 606a can be made

to be greater than or equal to 20° and less than 90°. The cross-sectional photograph of

the portion surrounded by a dotted line in FIG. 30C is FIG. 31A. FIG. 31B is a pattern

diagram of FIG 31A. As shown in FIG 31A, 01 was about 40°. Further, as shown in

FIG 31A, the angle formed between the surface of the substrate and the top edge of the

side surface of the source electrode layer 606a was about 90°. The cross section of the

side surface of the source electrode layer 606a and that of the side surface of the drain

electrode layer 606b, which face each other with the oxide semiconductor layer 610

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

same etching step is performed thereon.

[0314]

From this example, it can be said that it can be suggested that the

cross—sectional shape of each of the source electrode layer and the drain electrode layer

described in Embodiment 2 is manufactured.
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2008—287187 filed with Japan Patent Office on November 7, 2008, the entire contents of

which are hereby incorporated by reference.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a gate electrode formed over a substrate having an insulating surface;

an insulating layer formed over the gate electrode;

a source and drain electrodes formed over the insulating layer; and

an oxide semiconductor layer formed between a side surface of the source

electrode and a side surface of the drain electrode, which face each other, so as to

overlap with the gate electrode with the insulating layer interposed therebetween,

wherein the oxide semiconductor layer is in contact with at least the respective

side surfaces of the source and drain electrodes, and

wherein a first angle formed between a surface of the substrate and the side

surface of the source electrode and a second angle formed between the surface of the

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

and less than 90°.
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ABSTRACT OF THE DISCLOSURE

A structure by which electric-f1eld concentration which might occur between a

source electrode and a drain electrode in a bottom-gate thin film transistor is relaxed and

deterioration of the switching characteristics is suppressed, and a manufacturing method

thereof. A bottom-gate thin film transistor in which an oxide semiconductor layer is

provided over a source and drain electrodes is manufactured, and angle 61 of the side

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

angle 62 of the side surface of the drain electrode which is in contact with the oxide

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

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

increased.
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