
• \J! • PARTB- FEE(S)TRANSMITTAL • 

·Com~;ete and send this form, together~ applicable fee(s), to: Mfill Mail Sto~ ISSU'ftEE 
Commissioner for Patents 
P.O. Box 1450 / 
Alexandria, Virginia 22313-1450 

or En (571)-273-2885 

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

CURRENT CORRESPONDENCE ADDRESS (Note: use Block I for any change of address) Note: A certificate of mruhng can only be used tor domestic mailings ol the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or fonnal drawing, must 
have its own certificate of mailing or transmission. 

25944 7590 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

Certificate of Malling or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal S'ervice with sufficient postage for first class mail in an enveloP.e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

~;·•-11 
(Signature) 

(Date) 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/320,371 • 12/17/2002 Masao Mumde 114542 1588 

TITLE OF INVENTION: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1400 $300 $1700 09/22/2006 

EXAMINER ART UNIT CLASS-SUBCLASS 

TON, MINHTOANT 2871 

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

D Change of correspondence address ( or Change of Correspondence 
Address fonn PTO/SB/122) attached. 

D "Fee Address" indication (or "Fee Address" Indication fonn 
•:PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
~umber Is required. 

349-043000 

2. For printing on the patent front page, list 

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

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

Oliff & Berridge, PLC 

2 __________ _ 

3 ___________ _ 

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STA~/dtl/e~D2 00000129 10320371 

Seiko Epson Corporation Tokyo, Japan 01 FC:1501 
02 FC•1504 1400,00 OP 

' 300,00 OP 
Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual J6ibcorporation or other private group entity O Government 

4a. The following fee(s) are enclosed: 

likl:ssue Fee 

likl'ub!ication Fee (No small entity discount pennitted) 
D Advance Order - # of Copies _______ _ 

5. Change In Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): 
!1A check in the amount of the fee(s) is enclosed. ck #l84099 ($1,700) 
D Payment by credit card. Fonn PTO-2038 is attached. 
ikrhe Director is hereby au1h.9ri~d b.Y charge the required fee(s), or credit any oveq,ayment, to 

Deposit Account Numbed..'.>-U46l (enclose an extra copy ofth1s fonn). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the apphcant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature_\\-+b--'-"~~£_._,L_.\/Y)~.,,._../ ____ _ 

Typed or printed name_J_· _._l_d_am __ N_e_f_f ___________ _ 

Date September 13, 2006 

Registration No. _4_1_,_2_1_8 __________ _ 

This collection ofinfonnation is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentialicy is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
subnutting the completed applicauon fonn to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this fonn and/or suggestions for reducing this burde~ should be sent to the Chiefinfonnation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NuT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STATES PATENT AND TRADEMARK. OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box l4S0 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

25944 7590 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

06/22/2006 
EXAMINER 

TON, MINH TOAN T 

ARTUNTT PAPER NUMBER 

2871 

DA TE MAILED: 06/22/2006 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/320,371 12/17/2002 MasaoMurade 114542 1588 

TITLE OF INVENTION: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional NO $1400 $300 $1700 09/22/2006 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION QIS.11:IE. MERITS ls. CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT HE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the fonn should be submitted. 

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

IMPORT ANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: M!ll Mail StoJ> ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or.E!! 
Alexandria, Virginia 22313-1450 
(571 )-273-2885 

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

CURRENTCORRESPONDENCEADDRESS(Note:IJscBiock I foranychangeofaddress) Note: A cert1hcate of maihng can only be used for domestic mwhngs of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional PJlper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

25944 7590 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

06/22/2006 
Certificate of Malling or Transmission 

I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal !service with sufficient postage for first class mail in an enveloP.C 
addressed to the Mail Stop ISSUE FEE address above, or being facsinule 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR A TIORNEY DOCKET NO. CONFIRMATION NO. 

10/320,371 12/17/2002 Masao Murade 114542 

TITLE OF INVENTION: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

APPLN.TYPE SMALL ENTITY ISSUE FEE 

nonprovisional NO $1400 

EXAMINER ARTUNIT 

TON, MINH TOAN T 2871 

I. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

PUBLICATION FEE TOTAL FEE(S) DUE 

$300 

CLASS-SUBCLASS 

349-043000 

2. For printing on the patent front page, list 

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

$1700 

1588 

DATE DUE 

09/22/2006 

D Change of corresJ)Ondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

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

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

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

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

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

4a. The following fee(s) are enclosed: 4b. Payment ofFee(s): 

D Issue Fee DA check in the amount of the fee(s) is enclosed. 

D Publication Fee (No small entity discount permitted) D Payment by credit card. Form PTO-2038 is attached. 
D Advance Order - # of Copies ________ _ 0The Director is hereby authorized by charge the required fee(s), or credit any OVf.':I'Payment, to 

Deposit Account Number (enclose an extra copy ofth1s form). 

5. Change In Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 3 7 CFR 1.27. 0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l .27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the apphcant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature ___________________ _ Date ________________ _ 

Typed or printed name __________________ _ Registration No. _____________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
subnutting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED Sr ATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/320,371 12/17/2002 

25944 1590 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

06/22/2006 

FIRST NAMED INVENTOR 

Masao Murade 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

114542 1588 

EXAMINER 

TON, MINH TOAN T 

ART UNIT PAPER NUMBER 

2871 

DATE MAILED: 06/22/2006 

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

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

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

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

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

Application No. 

10/320,371 
Examiner 

Toan Ton 

Applicant(s) 

MURADE, MASAO 
Art Unit 

2871 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 

f 

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [8J This communication is responsive to papers filed 05/10/06. 

2. [8J The allowed claim(s) is/are 617,9, 11 and 13. 

3. [8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 181 All b) D Some• c) D None of the: 

1. 181 Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). , 

• Certified copies not received: __ . 

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

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. 0 Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO-1449 or PTO/SB/OB), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

5. D Notice of Informal Patent Application (PTO-152) 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. D- Examiner's Statement of Reasons for Allowance 

9. D Other __ . ~ 
TOANTQN 

Pffl'.MARY EXAMfNER 

'-;"uic,5'"""i, P;;;;at;:;en;;-;t a;::::nd;.,T,.:;;ra;;;:;de=ma::-::.rk"Offi=ce:-----------------------------------------l', 

PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 05182006 
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Issue Classification 
Application/Control No. Applicant(s)/Patent under 

10/320,371 Reexamination 

Ill I 1111111111111111 

MURADE, MASAO 
Examiner Art Unit 

Toan Ton 2871 

ISSUE CLASSIFICATION 
ORIGINAL INTERNATIONAL CLASSIFICATION 

CLASS SUBCLASS CLAIMED NON-CLAIMED 

349 43 G 0 2 F f /1343 I 

CROSS REFERENCES 
G 0 2 F / t136 I 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

349 46 139 39 G 0 2 F J /1333 I 

I I 

I I 

I I 

I I 

w ~i~" 
PfflMARV EXAM1NER Total Claims llowed: 5 

{Assistant Examiner) <Date) 

(Prim&Oo,) CY.1P'1"':-,-dl~S-yo<t o;/J[(- /..:>,f.. O.G. O.G. 
(Date) Print Claim(s) Print Fig. 

I Instruments Examiner) (Date) 
1 2,3 

D Claims renumbered in the same order as presented by applicant □ CPA □ T.D. 0 R.1.47 
iii 

iii 
iii 

iii 
iii 

iii 
iii 

iii 
iii 

iii 
iii 

iii 
iii 

iii C: C: C: C: C: C: C: 
C: ·a, C: ·a, C: ·a, C: 'c, C: "c, C: ·a, C: ·a, 
ii: ·c: ii: ·c: ii: ·c: ii: ·c: ii: ·c: ii: ·c: ii: ·c: 

0 0 0 0 0 0 0 

1 31 61 91 121 151 181 
2 32 62 · 92 122 152 182 
3 33 63 93 123 153 183 
4 34 64 94 124 154 184 
5 35 65 95 125 155 185 

1 6 36 66 96 126 156 186 
2 7 37 67 97 127 157 187 

8 38 68 98 128 158 188 
3 9 39 69 99 129 159 189 

10 40 70 100 130 160 190 
4 11 41 71 101 131 161 191 

12 42 72 102 132 162 192 
5 13 43 73 103 133 163 193 

14 44 74 104 134 164 194 
15 45 75 105 135 165 195 
16 46 76 106 136 166 196 
17 47 77 107 137 167 197 
18 48 78 108 138 168 198 
19 49 79 109 139 169 199 
20 50 80 110 140 170 200 
21 51 81 111 141 171 201 
22 52 82 112 142 172 202 
23 53 83 113 143 173 203 
24 54 84 114 144 174 204 
25 55 85 115 145 175 205 
26 56 86 116 146 176 206 
27 57 87 117 147 177 207 
28 58 88 118 148 178 208 
29 59 89 119 149 179 209 
30 60 90 120 150 180 210 

U.S. Patent and Trademark Office Part of Paper No. 05182006 
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Search Notes 
Application/Control No. Applicant(s)/Patent under 

Reexamination 

11111111111111 111111 
10/320,371 MURADE, MASAO 
Examiner Art Unit 

Toan Ton 2871 

SEARCHED SEARCH NOTES 
(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

349 43 5/18/2006 TTON 
EAST (updated subclasses) 5/18/2006 TTON 

46 

139 

(updated) 

39 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

349 43,46 5/18/2006 TTON 

139 

(PGPUB) 

• 

U.S. Patent and Trademark Office Part of Paper No. 05182006 
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Application/Control No. Applicant(s)/Patent under 
Index of Claims Reexamination 

111 111 II 11 1111 Ill 111 

10/320,371 MURADE, MASAO 
Examiner Art Unit 

Toan Ton 2871 

✓ Rejected - (Through numeral) 
Non-Elected Appeal 

Cancelled N A 

= Allowed ... Restricted I Interference 0 Objected 

Claim Date Claim Date Claim Date 

iii ., iii iii 
iii C: e iii C: iii C: 
C: "6, ~ C: "6, C: ·5 

u:: ·c: i?i u:: ·c: u:: ·c: 
0 0 0 0 

1 51 101 
2 52 102 
3 53 103 
4 54 104 
5 55 105 
6 = 56 106 
7 = 57 107 
8 58 108 
9 = 59 109 
10 60 110 
11 = 61 111 
12 62 112 
13 = 63 113 
14 64 114 
15 65 115 
16 66 116 
17 67 117 
18 68 118 
19 69 119 
20 70 120 
21 71 121 
22 72 122 
23 73 123 
24 74 124 
25 75 125 
26 76 126 
27 77 127 
28 78 128 
29 79 129 
30 80 130 
31 81 131 
32 82 132 
33 83 133 
34 84 134 
35 85 135 
36 86 136 
37 87 137 
38 88 138 
39 89 139 
40 90 140 
41 91 141 
42 92 142 
43 93 143 
44 94 144 
45 95 145 
46 96 146 
47 97 147 
48 98 148 
49 99 149 
50 100 150 

U.S. Patent and Trademark Office Part of Paper No. 05182006 
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UNITED STATES PATENT AND 'TRADEMARK OFFICE 

Bib Data Sheet 

FILING OR 371(c) 

SERIAL NUMBER DATE CLASS 
10/320,371 12/17/2002 349 

RULE 

APPLICANTS 
Masao Murade, Suwa-shi, JAPAN; 

~• CONTINUING DAT.,A ...... .,..,.....,....,.. .......... 

~

v/r1 
'*• FOR APPLICATIONS•••••••••••••••••••• 

JAPAN 2002-000713 01/07/2002 
JAPAN 2002-363864 12/16/2002 l'v\ 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED 
fo• 02/06/2003 

Foreign Priority claimed ~yes □ no 

35 USC 119 (a-d) conditions ~ no □ Met after 
STATE OR 

Imel COUNTRY 
Allowance A'"" A•• 

!Verified and -· .. .. -
Acknowled!led Examiner's Si!lnature Initials 

ADDRESS 
25944 

rnTLE 

Electro-optical device and electronic apparatus 

FILING FEE FEES: Authority has been given in Paper 

Page 1 of 1 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Add=s: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vuipnia 2ll 13• I 4S0 
www.u,pto.gov 

CONFIRMATION NO.1588 

ATTORNEY GROUP ART UNIT DOCKET NO. 
2871 114542 

SHEETS TOTAL INDEPENDENT 
DRAWING CLAIMS CLAIMS 

.21 18 2 

I □ All Fees I 
I □ 1 .16 Fees ( Filing ) I 
□ 1.17 Fees ( Processing Ext. of 

RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 
1400 No. for following: I □ 1.18 Fees ( Issue ) I 

I □ Other I 
I □ Credit I 

http ://neo: 8000/PrexServlet/PrexAction ?serviceN ame=BibDataSheet&Action=display &br... 5/18/2006 
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PATENT APPLICATION 

IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 

Group Art Unit: 2871 

Examiner: M.TON 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

REQUEST FOR RECONSIDERATION 

Commissioner for Patents 
P .0. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In reply to the February 28, 2006 Office Action, reconsideration of the rejections is 

respectfully requested in light of the following remarks. 

Claims 6-7, 9, 11 and 13 are pending. Claims 9, 11 and 13 are withdrawn from 

consideration. 

I. Summary of Personal Interview 

Applicant appreciates the courtesies shown to Applicant's representatives by Examiner 

Ton in the April 20 personal interview. Applicant's separate record of the substance of the 

interview is incorporated into the following remarks. 

During the interview Applicant's representatives asserted, and the Examiner agreed, 

that the current claims appear to overcome the 35 U.S.C. 102(b) rejections based upon 

Murade and Uno. As stated in the Interview Summary prepared by the Examiner, it was 
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agreed that neither Murade or Uno disclose the limitations of claim 6, in particular, details of 

the broad width of the gate line, channel and contact hole. 

II. Rejections of Claims 6 and 7 Under 35 U.S.C. 102(b) 

The Office Action rejects claims 6-7 under 35 U.S.C. 102(b) as being unpatentable 

over U.S. Patent No. 6,388,721 to Murade ("Murade"). Further, the Office Action rejects 

claims 6-7 under 35 U.S.C. 102(b) as being unpatentable over U.S. Patent No. 5,748,276 to 

Uno et al. (Uno). Applicant respectfully traverses these rejections. 

Independent claim 6 recites an electro-optical device that includes, inter alia, "!! 

respective scanning line having a broad width portion as a gate electrode in a portion 

facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, ... the broad width portion and the channel area extending in a direction 

extending from the channel area to a contact hole, the contact hole electrically connecting 

the channel area and the data line." As demonstrated during the April 20 interview based 

upon a concurrent review of the specifications and drawings, neither Murade nor Uno teach 

or suggest such a feature. 

As shown in Murade at Fig. 1, scanning line 2 is no broader at the gate electrode of 

the channel area 1 c than the narrowest of portions of scanning line 2. Therefore, Murade does 

not disclose a "scanning line having a broad width portion as a gate electrode," as recited 

in the claims. Further, Murade's extension 2f of scan line 2 does not serve as a gate electrode, 

and thus does not correspond to the scanning line recited in the claims. 

Further, as shown in Uno at Fig. 2, the broad width portion of the scanning line at 24 

and the channel area extend in a direction extending from the channel area to a contact hole. 

(i.e., contact hole 7b ). However, as stated at col. 5, lines 10-11, contact hole 7b connects 

transparent electrode pixel electrode 2a to pixel control capacitor electrode 8c, not the data 

-2-
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line. Therefore, Uno does not disclose "the broad width portion and the channel area 

extending in a direction extending from the channel area to a contact hole, the contact 

hole electrically connecting the channel area and the data line," as recited in the claims. 

Accordingly, as agreed, claim 6 is patentably distinguishable over the applied art. 

Claim 7 depends from claim 6 and is, therefore, patentably distinguishable over the applied 

art for at least their dependence on allowable base claims, as well as for additional features 

claim 7 recites. Accordingly, withdrawal of this rejection is respectfully requested. 

Applicant further assert that withdrawn claims 9, 11 and 13 each include a feature 

similar to that addressed above with respect to claim 6 and, for at least this reason, are 

patentably distinguishable over the cited prior art for at least the reasons provided above with 

respect to claims 6 and 7. Accordingly, Applicant respectfully requests that claim 9, 11 and 

13 be rejoined to the application and allowed. 

-3-
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III. Conclusion 

In view of the foregoing, it is respectfully submitted that this application is in 

condition for allowance. Favorable reconsideration and prompt allowance are earnestly 

solicited. 

Should the Examiner believe that anything further would be desirable in order to place 

this application in even better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number set forth below. 

JAO:JMH/eks 

Date: May 9, 2006 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-4-

Respectfully submitted, 

J1s~li~ 
Registration No. 27,075 

J. Adam Neff 
Registration No. 41,218 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Interview Summary 

Application No. 

10/320,371 

Examiner 

Toan Ton 

All participants (applicant, applicant's representative, PTO personnel): 

(1) Toan Ton. 

(2) Adam Neff. 

Date of Interview: 20 April 2006. 

Type: a)O Telephonic b)O Video Conference 

(3)John Hemenway. 

(4) __ . 

c)[8J Personal [copy given to: 1 )0 applicant 2)[gl applicant's representative] 

Exhibit shown or demonstration conducted: d)D Yes 
If Yes, brief description: __ . 

Claim(s) discussed:§. 

e)[gl No. 

Identification of prior art discussed: Murade (6388721). Uno (5748276). 

Applicant(s) 

MURADE,MASAO 

Art Unit 

2871 

Agreement with respect to the claims f)0 was reached. g)O was not reached. h)[8J N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: It appears that Murade/Uno fails to disclose the limitations of claim 6. in particular. 
the details of the broad width of the gate line. channel. contact hole. However. further search/consideration will be 
needed. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) • 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

Examiner Note: You must sign this form unless it is an 
Attachment to a signed Office action. 

U.S. Patent and Trademark Office 
PTOL-413 (Rev. 04--03) Interview Summary 

/ 

Examiner's signature, if required 

PaperNo.04202006 
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Office Action Summary 

Application No. 

10/320,371 

Examiner 

Applicant(s) 

MURADE, MASAO 

Art Unit 

Toan Ton 2871 

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent tenn adjustment. See 37 CFR 1. 704(b). 

Status 

1 )1:81 Responsive to communication(s) filed on 01 November 2005. 

2a)0 This action is FINAL. 2b)[81 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)[81 Claim(s) 617,9, 11 and 13 is/are pending in the application. 

4a) Of the above claim(s) 9, 11 and 13 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[81 Claim(s) 6 and 7 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some• c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

• See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [81 Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) [811nfonnation Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 

Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of lnfonnal Patent Application (PT0-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 02242006 
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Art Unit: 2871 

Election/RestrictiJn 

'I 

Page2 

1. An election of species I comprising claims 6-7 is ~cknowledged. Each of the species 

~· 
comprises an embodiment that is patentably distinct froni,each other. Claims 9, 11 and 13 are 

j: 
withdrawn from consideration. 

Claim Rejections - 35 USC§ 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

Claims 6-7 are rejected under 35 U.S.C. 102(b) as being anticipated by Murade (US 

6388721). 

Murade discloses an electro-optical device comprising (see at least Figure 1 ): a substrate; 

scanning lines above the substrate and extending in a predetermined direction; data lines (3) 

above the substrate and extending in a direction intersecting the scanning lines (2); thin film 

transistors formed correspondingly to intersecting areas of the scanning lines and the data lines; 

pixel electrodes (14) formed correspondingly to the thin film transistors; a respective scanning 

line having a broad width portion (see at least Figure 1) as a gate electrode in a portion facing a 

channel area (le) of a respective thin film transistor and a narrow width portion (portions 

narrowing than broad width portion) in another portion, the channel area extending in a direction 

in which the data lines extend, the respective scanning line extending in a direction intersecting a 
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Page 3 

direction in which the channel area extends, and the broad width portion intersecting a direction 

in which a scanning line extends and extending in a single/bi direction in which the channel area 

extends, the broad width portion and the channel area extending in a direction extending from the 

channel area to a contact hole (5), the contact hole electrically connecting the channel area and 

the data line, the pixel electrodes being arranged in a matrix shape; the respective channel area 

formed in an intersecting area in which a first long gap extending through a space between the 

pixel electrodes sandwiching the scanning line and being adjacent to each other and a second 

long gap extending through space between the pixel electrodes sandwiching the data line and 

being adjacent to each other, are intersected; the narrow width portion being formed at a position 

deviated from a center of the first gap, and the broad width portion being formed at the center of 

the first gap in the intersecting area. 

Murade discloses the broad width portion formed at a center of the second gap in the 

intersecting area (see at least Figure 1). 

Claims 6-7 are rejected under 35 U.S.C. 102(b) as being anticipated by Uno (US 

5748276, IDS). 

Uno discloses an electro-optical device comprising (see at least Figure 1): a substrate; 

scanning lines above the substrate and extending in a predetermined direction; data lines above 

the substrate and extending in a direction intersecting the scanning lines; thin film transistors 

formed correspondingly to intersecting areas of the scanning lines and the data lines; pixel 

electrodes (21) formed correspondingly to the thin film transistors; a respective scanning line 

having a broad width portion (see at least Figure 1) as a gate electrode (4) in a portion facing a 
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Page4 

channel area (6) of a respective thin film transistor and a narrow width portion (portions 

narrowing than broad width portion) in another portion, the channel area extending in a direction 

in which the data lines extend, the respective scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion intersecting a direction 

in which a scanning line extends and extending in a single/bi direction in which the channel area 

extends, the broad width portion and the channel area extending in a direction extending from the 

channel area to a contact hole (7b ), the contact hole electrically connecting the channel area and 

the data line, the pixel electrodes being arranged in a matrix shape; the respective channel area 

formed in an intersecting area in which a first long gap extending through a space between the 

pixel electrodes sandwiching the scanning line and being adjacent to each other and a second 

long gap extending through space between the pixel electrodes sandwiching the data line and 

being adjacent to each other, are intersected; the narrow width portion being formed at a position 

deviated from a center of the first gap, and the broad width portion being formed at the center of 

the first gap in the intersecting area. 

Murade discloses the broad width portion formed at a center of the second gap in the 

intersecting area (see at least Figure 1). 

Contact Information 

3. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Toan Ton whose telephone number is (571) 272-2303. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

February 24, 2006 

Page 20 of 395



Application/Control No. Applicant(s)/Patent Under 

10/320,371 
Reexamination 

Notice of References Cited 
MURADE, MASAO 

Examiner Art Unit 

Toan Ton 2871 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name Classification Country Code-Number-Kind Code MM-YYYY 

* A US-6,388,721 05-2002 Murade, Masao 349/44 

B US-

C US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name Classification Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

a 
R 

s 
T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

•A copy of this reference 1s not being furnished with this Office action. {See MPEP § 707.0S(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 02242006 

Page 21 of 395



l~,. 
,P' I ~ l;~ Sheet I of I 

C --- --
Form PT0-1449 ~A>~ t of Commerce ATTY DOCKET NO. APPLICATION NO. 
(REV. 8-83) PA - EMARK OFFICE 114S42 10/320,371 

INFORMATION DISCLOSURE STATEMENT 

(Use several sheets if necessary) APPLICANT(S) 
Masao MURADE 

FILING DATE GROUP 
December 17, 2002 2871 

U.S. PATENT DOCUMENTS 

EXAMINER SUB 
rNITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS 

A 6,583,830 06/24/2003 Yasukawa et al. 

FOREIGN PATENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

/Vi WO 01/81994 Al 11/01/2001 PCT w/English Abstract " -------1,. 2001-209070 8/3/2001 Japan w/English Translation ~ 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.) 

EXAMINER 
. 

I DATE CONSIDERED ,, 

"1 -- '-' -...,/ v'\L,., (. 
Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in 

confonnance and not considered. Include coov of this form with next communication to anolicant. 

Date: April 25, 2005 

Page 22 of 395



-

.. 

~ . 0 \P~ 
.. 

V' 
(". 

' l JUN O 7 2llr6 ~J 
Sheet I or I 

~ /) --- --
Fonn PT0-1449 ~7°RA~L of Commerce ATTY DOCKET NO. APPLICATION NO. 
(REV. 8-83) PATENT & TRADEMARK OFFICE 114S42 10/320,371 

INFORMATION DISCLOSURE STATEMENT f 
" 

(Use several sheets if necessary) •' 
APPLICANT(S) 
MasaoMURADE 

FD..INGDATE GROUP 
December 17, 2002 2871 

U.S. PATENT DOCUMENTS 

EXAMINER SUB 
INITIAL DOCUMENT NUMBER DATE NAME CLAS~ CLASS 

II A 
I • 6,528,822 03/04/2003 Murade ~ 

Kim v ' 
I 2 •• US2002-02l379 02/21/2002 ./ 

v ~ 

FOREIGN PATENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

3 JP2001-343912A• )2/14/2001 Japan 

" A 

} 4 JP2001-330859 11/30/2001 Japan w/Eng. Abs. &. Translation y 
I s JP2001-3312SA•• 2/9/2001 Japan ./ /\ 

"- - / \_ - 6 JPZ00l-356709 12/26/2001 Japan c/Eng. Abs. & Translation 

OTHER DOCUMENTS {Including Author, Title, Date, Pertinent Pages, etc.) 

-----EXAMINER .....,. I DA TE CONSIDERED 
' ...,,../\- '\I .J ~ 

Examiner: Initial if citation considered, whether or not citation is in confonnance with M.P.E.P. 609; draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to annlicant. 

Date: June 7, 2005 

Page 23 of 395



o'P e ~ .. ,,. 
j SEP 2 1 1005 ~) 

Sheet I of I \~ _.IJ --- -
Form PT0-1449· -~"'•~ US DepL ofCommen:e ATIYDOCKETNO:- - .. •• APPLicA TION NO: ·-
(REV. 8-83) PATENT & TRADEMARK OFFICE 114542 10/320,371 

INFORMATION DISCLOSURE STATEMENT 

(Use several sheets if necessary) 
APPLICANT(S) 
Masao MURADE 

FILING DATE GROUP 
December 17, 2002 2871 

U.S. PA TENT DOCUMENTS 

EXAMINER SUB 
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS 

/Y\ I 5,748,276 05/05/1998 UNO et al. ,_ 

FOREIGN PA TENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

IV\ 2 JP-A-06-120099 (w/English• 04/28/1994 JAPAN 
language Translation & Abstract) 

-

OTIIER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.} 
. 

< 

-· 

------EXAMINER ~ I DA TE CONSIDERED ,,..----, 
Examiner: Injtial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in 

conformance and not considered. Include conv of this form with next communication to annlicant. 

Date: September 21 2005 

Page 24 of 395



Application/Control No. Applicant(s)/Patent under 
Index of Claims Reexamination 

II 111 II 11 1111 II 111 

10/320,371 MURADE, MASAO 
Examiner Art Unit 

Toan Ton 2871 

✓ Rejected - (Through numeral) Non-Elected Appeal Cancelled N A 

= Allowed ... Restricted I Interference 0 Objected 

Claim Date Claim Date Claim Date 

iii 
iii co 

iii 
iii 

iii 
iii 

C: ~ C: C: 
C: ·a, C: ·5 C: ·5 
u:: ·c: ~ ti: ·c: ti: ·c: 

0 0 0 

1 51 101 
2 52 102 
3 53 103 
4 54 104 
5 55 105 
6 ✓ 56 106 
7 ✓ 57 107 
8 58 108 
9 N 59 109 
10 60 110 
11 N 61 111 
12 62 112 
13 N 63 113 
14 64 114 
15 65 115 
16 66 116 
17 67 117 
18 68 118 
19 69 119 
20 70 120 
21 71 121 
22 72 122 
23 73 123 
24 74 124 
25 75 125 
26 76 126 
27 77 127 
28 78 128 
29 79 129 
30 80 130 
31 81 131 
32 82 132 
33 83 133 
34 84 134 
35 85 135 
36 86 136 
37 87 137 
38 88 138 
39 89 139 
40 90 140 
41 91 141 
42 92 142 
43 93 143 
44 94 144 
45 95 145 
46 96 146 
47 97 147 
48 98 148 
49 99 149 
50 100 150 

U.S. Patent and Trademark Office Part of Paper No. 02242006 

Page 25 of 395



Search Notes 
Application/Control No. Applicant(s)/Patent under 

Reexamination 

II 111 II 11 1111 II 111 
10/320,371 MURA0E, MASAO 
Examiner Art Unit 

Toan Ton 2871 

SEARCHED 
SEARCH NOTES 

(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

349 43 2/24/2006 TTON 
EAST 2/24/2006 TTON 

46 

139 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

U.S. Patent and Trademark Office Part of Paper No. 02242006 

Page 26 of 395



EAST Search History 

Ref Hits Search Query DBs Default Plurals Time Stamp 
# Operator 

L2 1303 349/43.ccls. US-PGPUB; OR OFF 2006/02/24 16:51 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L3 1429 349/46.ccls. 2 US-PGPUB; OR OFF 2006/02/24 16:52 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L4 6 "5748276".pn. "6583830".pn. US-PGPUB; OR OFF 2006/02/24 16:54 
"6528822" .pn. USPAT; 

USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

LS 134729 (gate scan) adj4 line US-PGPUB; OR ON 2006/02/24 16:54 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

LG 2168758 width US-PGPUB; OR ON 2006/02/24 16:54 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L7 86949 contact adj2 hole US-PGPUB; OR ON 2006/02/24 16:54 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

LB 1924796 channel US-PGPUB; OR ON 2006/02/24 16:54 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L9 2984859 center US-PGPUB; OR ON 2006/02/24 16:55 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

2/24/2006 4:58:34 PM Page 1 
C:\Documents and Settings\mtonl \My Documents\EAST\Workspaces\10810676.wsp 

Page 27 of 395



EAST Search History 

Ll0 2236 5 and 6 and 7 and 8 and 9 US-PGPUB; OR ON 2006/02/24 16:55 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

LU 2044 349/139.ccls. US-PGPUB; OR ON 2006/02/24 16:56 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L13 455531 liquid adj2 crystal US-PG PUB; OR ON 2006/02/24 16:56 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L14 1407 10 and 13 US-PGPUB; OR ON 2006/02/24 16:57 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L16 1915 11 not 3 US-PGPUB; OR ON 2006/02/24 16:56 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L17 298 8 and 16 US-PG PUB; OR ON 2006/02/24 16:56 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

L19 1407 14 and 7 and 8 and 9 US-PGPUB; OR ON 2006/02/24 16:58 
USPAT; 
USOCR; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

2/24/2006 4:58:34 PM 
C:\Documents and Settings\mtonl \My Documents\EAST\Workspaces\10810676.wsp 

Page~ 

Page 28 of 395



-~& . -~~ 
, . • Approved for use through 7/31/2006. 0MB 0651-0032 

U.S. Patent and Trademartt 011-.Ce; U.S. OEPARTMENT OF COMMERCE 
Under the PaoetWOII< Redudion Ad of 1995. no persons ere teouired tor~ to a oolledion of information unless it diSlllavs a lr.1fidL)MB contr01 number. 

! PATENT APPUC~~'t~~:::=r-~~~~!~A_TION RECOR~ 17~~~7) 
APPLICATION AS ALEO - PART I 

(Colurm 1) . (Cofumn2) 

FOR NUMBERF1t£0 NUMBER EXTRA 

BASIC FEE 
137 CFR 1.16/a), (b), o, (C)) 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

............... ,.EXAMINATION.F.EE ...... 
(37 CFR 1.16(0). (Pl.« (q)) 

TOT AL CLAIMS 
(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
(37 CFR 1.16(h)) 

"APPUCATION SIZE 
FEE 
(37 CFR 1.16(s)) 

minus 20 = 

rrinus 3 = 

If the specification and drawings exceed 100 
·• ··sheets· of-paper;-lhe-application size.fee-due-- -­

is $250 ($125 for small entity) for each 
additional 50 sheets or fraction lhere;;f. See 
35 U.S.C. 41(a)(1)(G),and 37 CFR 1.16(s). 

IIAUL T iPLE o,=;:.ic;,;;-,ENT CLAIM PRESENT (37 CFR -1.16@ 

• If the difference in column 1 is less than iero. enter ·o· in column 2. 

11;5JJ:~::.1:S AMENDED_:.;::::~"~(<::o!u_nin ll_ 

'v· CLAIMS HIGHEST 
I ,,f' REMAINING NUMBER PRESENT 
I(._:: AFTER PREVIOUSLY EXTRA 

I- AMFN~FNT PAID FOR 

<( 

SMALL ENTITY OR 

, 
OTHER THAN 
SMALL ENTITY 

RATE CS) FEE($) RATE($) FEE m 

~9_5 "/Y✓/ t-----1~'-#--'-l 

X OR X 

X X 

TOTAL 

RATE (S) 

J$i) 
TOTA!. 

ADDI­
TIONAL 
FEE (S) 

I 

OR 

TOTAL 

OTHER TH/\t~ 
•. sr1iACCi:Nt.ifY 

RATE (S) ADDI­
TIONAL 

1--~--r--1f...--F-"'E'-"E-'(~J. __ 1 

,5t:,,,1c ! 
.. ....:... .... ---

._,J{)Oc ! I I 

~~f:::.::;::::::::::=~~~,=====~•~·~•-,mo:;#:">) ¢!;:1"~·,.•,,m~o·3!::j-i ~=====~===,----"--r=:==:;=='=· ==!I . _________ __ 

11-·-:00-.:-:-::-~-;:-:-:-·:..J:•'-,--~e-.. e-.,(-;_7_~-F-~-.:-:_._:_:-:-:•-~-........ c-:-:·-,-.·-·-··----_ --'---------1·- ~;;:;· - - ·r O , -~i ·, 
---------,--~ :..i!Jc,pr.,,; ---,--- - -

• If lhe entry in column 1 1s l~ss than the en1ry in co!ur;,n 2, ·.·mte ~o· i"\ Wurn:l 3 

10TAL 
ADO'L FEE 

•• 1:· 1he ·Highest Number Pcev,m;:.ly Pei~ Fo,~ IN T~ilS SPr.-:f.: i:! :r:s~, :!la:1 20, en~er ·20· 
• .. II the "11,ghesl Number Previously P;;,cl Fol" IN THIS SPACE i~ l~ss than 3, enter ·3·_ 

or-: .Jl/ll. 
i•.OD'i.H:r. 

The "HiQhest Number Previously Paid Fol" (Total or Independent) 15 lhe highest number found in lhe aonrnoria!e box in column 1. 
This collection of information is required by 37 CFR 1.16. The information is required 10 obtain or retain a beoefrt by the public which is to file (and by the 
USPTO to process) an apphcalion Confidentiality is governed by 35 U S.C. 122 and 3? CFR 1.14. Thts colledion is eslima•ed to ta~!' _1_2_~111yte~_t<?_ ~<?.'!'Rl.!l.\!!~ ...... 

- ---- - - ~ng gathenng, prepanng. and submifung the completed application form to the USPTQ; Time ~I Y!~~~~ u~ t~ 1nd1V1dual case Any corol!)enl_~ __ 
onlhe amount or lime you recjuiTe'tofurnpfelellils kiim andlor sugge-suons tor reduong ffils 6ur-deii. should be sent to lhe Chief Information Officer. U.S. Pa1efll 
and Trademark Office. U.S. Depar1menl a Commeroe. P.O. Bo~ 1450. Alexandria. VA 22313--1450. DO NOT SEND FEES OR COt,'.PLETEO FORMS TO TH!S 

- ·---7muRESS:-SENCrTO:Ccfmlflts"!.l6"nl!rfof Paflmts";"P:o:-Box1450';"Alcxandri;r,Vk22313:t45 . 

If )'OU need assi:stance in compleling the mn, calf 1-eoo-PT0-9199 and select LPM 2 

Page 29 of 395



• PT<>tSelOG • 
ARwovedf«useltvough7131/200G.OM806$= 

U.S. Patent and T nidernartr; Offioe; U.S. OEP ARTMEffT OF COf.lMeRc:e 
I.hider the P""""'"""" Redudlon Ad of 1995. no.,.,_ ere ...,,.,red to~ to• CX1lledlorl otlnfOffllalion uriess ii dhdavs • v.oi tM)MB oontld llll'nbef. 

I PATENT APPLICATION FEE DETERMINATION RECORD -- ✓,,;1 k >/'J~rlJ 
• • ~~ 1.:.r Fonn p1·o•!S16 J., ✓ ::.. •.,Jr .,I.:;) • / 1 

APPLICATIONASALED-PARH • / - OTHER~ 
(Column t) . (CdlMM 2) SMALL EtmTY OR SMAil. ENTITY 

FOR NUMBER FILED NUMBER EXTRA 

BA$1CFEE • 
• 137 CFR 1.16'•1, lbl, or (ell 

SEARCH FEE 
(37 CFR t.16(1<), ~). °' (m)) 

_E)(AMINAI!ON.F.EE... .. 
()7 CFR 1, 16(01, (p), or (q)) 

TOTAL CLAIMS 
(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
(37 CFR 1;16(h)) 

milltl$20 = 

APPLiCA TION s,ze 
FEE 

• If the specification and drawings exceed 1 oo 
sheets•-of paper, the application size fee due 

(37 CFR U6(s)) 
is $250 ($125 !or sman enti!y) for each 
additional SO sheets or fraction lhere;it .. See 1 

35 U.S.C. ◄1(a)(t)(G)•and 37 CFR 1.16(s). 

r.4UL T iPI.E DP>-:,:.ENT CLAIM PREsaiT (37 CfR 1.1.60)~ 

; If the difference in column 1 is less than ze,o. enter ·o· in column. 2. 

, 

..... 

Cl.AIMS 
REMAINING 

AFTER 
AMF.NOMENT 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAIO FOR 

PRESENT 
EXTRA 

j ~I .. :~/~~:~'... ... I~~ Min<>~ ~ 
• .;:_:; , .. ..,./;;;,_-, .. -. --+-.\o..._ -.~e,-----;1-,-'---,;,-ls .,= .. -,-,.·I :,.,.....-_-+--+----I 
! ~ I .t~~~.'.''"1

'. .. I;~"'"'-'"""-J __ ...,.. __ _.__----::;;...=-""--J_,__+--=·-'k""-l 
) .. - \ .: ..... • ~· • •• ,:: ...... • - •• • ••• ': f"';"'t'" : ':.;t:,::-1 4'. l'-"-----------------,---...c...---1 

RATE($) FEE($) ·RATE($) FEEIS) 

X OR X 

X X 

TOTAL TOTAL 

SMALL ENTIT'i'. 

I / 

I 

TCi'A!. 

-----~-------.--·---,-------------------------------------'---•-----···--·-·-
'------it:::::====:::;::::f, :::'.:'.:tu<:m-!:~'.::=i~J=:;==::::;=:!:1"::o=:'·1::~=o:::..,!:l :;=l::;,..";=:'0:;:::t~o::J:±:::;--;;::::===:;::==::=;-:----;.=:::::::==:::;=====fl· • --. -· ----
-· • • • • ·- • .. cLA.1t.~s ·~·tt:_o~Esr.. -- •· - • · -· ~ • I • · -'t • 

CJ ;;::!.:~.1;11·•::' t!•.• ... :::::•· ;-;:::~;;·c,;H ;:::.:,;- ·,· • , :.::::;·. i::'1,· ·· ! • 
;.:·,·;;:;_ PR::.':('._'~--·. ::···,.•;. l l .. -. ·' 

~ i-----,-..•--•-=--~~:,:.:_":---,..-;_•T•••_•::._c_:_.,_• -~•-•• •-•- ••i • •----• : -~:.::..; •: 
i" :·:)~~·;:· ~ .i • ~ i ;_ 

··-·--·--·-·· -· .. (:). -'n<l-lpende111-• • • fMi:ius·· ···"-"-·-· .... --··· .-,,.... -·--··-·•--!: 
Z l)tCFAll~l) 
Wi-------'------''---.__ _ __. ___ ~_.__ ___ -1 

~ Application Size Fee (37 CFR I. 16(s)) 
<( 

• I1 lhe entry in column ·1 is l~ss t!ian the entry in co!~,,--~ 2. -,.1~e ·o· ;~ cdum~ 3. 

lOlAl 
AOO'LfEE 

·• !/ ttte "Highest Number Pre11101:r.l;· P~t: fot" IN TtilS SP.:.CE i!. 'e!o:, I:>.'!~ 2J. !:n\er ·20· 
•·· If !he "M19hesl Number Previouslf P....1 fof' INT.HIS SPACE is k."SS man J, en1er •3· , 

or~ ·>.)I1\L 
1,00'1. Ff:.F. 

The ·Hi he SI Number P,e,.,;ousl Paid fof' otal °' lnde nt ,s 1he hi hest numbef found in the , ·a:e box in c;olumn 1. 

This colledioo of information is required by 37 CfR 1.16. The information is required lo obtain°' relain a benefit by the public which is lo file (and by the 
• U.SPTO 10 process) an application. Con(ldeotialCI Is governed b 35 U.S.C. 122 an<;t 3? CFR 1.1◄. This colt!!dion Is estimated to ll!!\!'..11.P.i.!'.!!!~~~~~lclele, . ... .. . 

- --••• • -·~ng ga enng. preP<!llog, a su ng et a tc:ation 0m1 to the PTO. Tinle "!!!I.Y!'Y~.!.19. '!P.On ~-indi-.id!J<ll .. Ci'AA- Any ~.(II.~ .. .. . 
··-. • ·,· • • • ·01nt1e7ffill5il7ilol1me you ceqlilreloc,omplelelm fomi aoil/oc suggeslions for reducing~~ sent tolhe Chief Information Olf,oer. U.S. Patenl • • 
. ahd Tcademarlc. Office, U.S. Department of CotMlefoe. P.O. Box 1450, Alexandria, VA 22313-USO. 00 NOT SEND FEES OR COMPLETED FORMS TO TH!S 
----. ·-iOORESS:-SEHCTTO;C'?iffl'rfllS'!.llfm!r1«Patl!htr,P:O:Box·t4S(r.Alo.xandria;-VA:2231:t:t45:n-.-------------------

/f )'OU Med~ In oompletmg ltlO A:>t1I\ ai/11-800-PJ0.9199 Md s.ek:d opfotl 2 

:.. 

Page 30 of 395



Claim· 

I 

'- I 

• r.., 
··13-i •.. 

-
~ ·~ ---20 

p 
22 I 

~ 

I 2:; i 
2< I I 

... _ 25 • . . ! 
.I 

20 i 
1.7 
26, 
29 
l>O 

31 

32 
j3 

34 
35 
·35 

37 
38 
39 
40 
41 

42 
43 

45 

47 

48 
49 

so 

Date 

.! 

I i 
! . ·'I I 

I . ! , , 

INDl=X OF CLAIMS 

• .. ·-:·'"- . . .. 

• ..•.. • Clalm 
... -.. "'-::--- . -: .. - · ..... 

Oa\e: • • 

51· 
52 

53 
54 
55· 

56 
57 
58 
59 
60 
61 

62 
63 
64 
65 
66 
67 
68 
69 
70 

I· 72 
..... • i 

! --.• I '-'-L':.-~'--1----1--1--+--1---+--,---t---r--1 
75 . 
76 
77 
78 

79 

80 

81 

82 
83 
84. 

85 
86 
87 
88 
69· 
90 
91 

92 
93 
94 
95 

·: .95_-. 

97 
• 98 

99 
hoo 

--.. =-

Page 31 of 395



'. ,,. 

'\ ~ E "o 
0 ~ 

PATENT APPLICATION 
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.f-:" 
~~ar,.. .. !l.<&i'J IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

MasaoMURADE 

Application No.: I 0/320,371 

Filed: December 17, 2002 

Group Art Unit: 2871 

Examiner: G. WANG 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVlCE AND ELECTRONIC APPARATUS 

AMENDMENT FILED WITH REQUEST FOR CONTINUED EXAMINATION 
UNDER 37 C.F.R. §1.114 

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

Sir: 

After entry of the Request for Continued Examination (RCE) filed herewith, please 

consider the following: 

Amendments to the Claims as reflected in the listing of claims; and 

Remarks . . 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 1 7, 2002 

Group Art Unit: 2871 

Examiner: G. WANG 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

AMENDMENT 
AND 

RESPONSE TO ELECTION OF SPECIES REOUIRMENT 

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

Sir: 

In reply to the October 7, 2005 Election of Species Requirement, please consider the 

following: 

Amendments to the Claims as reflected in the listing of claims; and 

Remarks. 

Page 33 of 395



Application No. 10/320,371 

Amendments to the Claims: 

The following listing of claims will replace all prior versions, and listings, of claims in 

the application: 

1-5. (Canceled) 

6. (Previously Presented) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line, 

the pixel electrodes being arranged in a matrix shape, 

the respective channel area being formed in an intersecting area in which a 

first long gap extending through a space between the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

-2-
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space between the pixel electrodes sandwiching the data line and being adjacent to each other, 

are intersected, 

the narrow width portion being formed at a position deviated from a center of 

the first gap, and 

the broad width portion being formed at the center of the first gap in the 

intersecting area. 

7. (Previously Presented) The electro-optical device according to claim 6, the 

broad width portion being formed at a center of the second gap in the intersecting area. 

8. (Canceled) 

9. (Withdrawn-Previously Presented) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends, the broad width portion and the channel area extending in a 

-3-
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direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line, 

grooves being formed in the substrate along the scanning lines, and the 

scanning lines being buried at least partially in the grooves directly or through an interlayer 

insulating film, 

the narrow width portion having a buried portion buried in the groove and 

extending along the scanning line and a non-buried portion non-buried in the groove and 

extending along the scanning line in parallel to the buried portion, and 

a base of the pixel electrode being positioned high along the scanning line due 

to the non-buried portion. 

10. (Canceled) 

11. (Withdrawn-Previously Presented) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

-4-
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the channel area extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line; and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

a portion overlapping the thin-film transistor in the data line being formed 

locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

12. (Canceled) 

13. (Withdrawn-Previously Presented) The electro-optical device according to 

claim 11, for each thin-film transistor, the data line being formed continuously broad from the 

portion overlapping the thin-film transistor to a portion in which the contact hole is formed. 

14-18. (Canceled) 

-5-
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REMARKS 

Claims 6, 7, 9, 11 and 13 are pending in this application. By this Amendment, claims 

9, 11 and 13 are withdrawn, and claims 12 and 14-18 are canceled without prejudice or 

disclaimer of the subject matter therein. 

I. Election of Species Requirement 

Applicant provisionally elects Species 1, with traverse. At least claims 6-7 read on 

the elected species. 

It is also respectfully submitted that the subject matter of all species is sufficiently 

related that a thorough search for the subject matter of any one species would encompass a 

search for the subject matter of the remaining species. Thus, it is respectfully submitted that 

the search and examination of the entire application could be made without serious burden. 

See MPEP §803 in which it is stated that "if the search and examination of an entire 

application can be made without serious burden, the examiner must examine it on the merits, 

even though it includes claims to independent or distinct inventions" ( emphasis added). It is 

respectfully submitted that this policy should apply in the present application in order to avoid 

unnecessary delay and expense to Applicant and duplicative examination by the Patent 

Office. 

II. Conclusion 

In view of the foregoing, it is respectfully submitted that this application is in 

condition for allowance. Favorable reconsideration and prompt allowance are earnestly 

solicited. 

-6-
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Should the Examiner believe that anything further would be desirable in order to place 

this application in even better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number set forth below. 

JAO:RBI/jfb 

Date: November 1, 2005 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-7-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Office Action Summary 

Application No. 

10/320,371 

Examiner 

George Y. Wang 

Applicant(s) 

MURADE, MASAO 

Art Unit 

2871 

•• The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

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

Status 

1 )[8] Responsive to communication(s) filed on 25 July 2005. 

2a)0 This action is FINAL. 2b)O This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8] Claim(s) 6. 7.9 and 11-16 is/are pending in the application. 

4a) Of the above claim(s} __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8}[8] Claim(s) 6,7.9 and 11-16 are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1,121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a}). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 
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4) 0 Interview Summary (PTO-413) 
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Application/Control Number: 10/320,371 

Art Unit: 2871 

DETAILED ACTION 

Election/Restrictions 

Page 2 

1. This application contains claims directed to the following patentably distinct 

species of the claimed invention: 

(1) the specifics of the electro-optical device comprising a narrow width portion of 

the scanning electrode being formed at a position deviated from a center of the first gap 

and the broad with portion of the scanning electrode being formed at the center of the 

first gap in the intersecting area comprising a first embodiment corresponding to Claims 

6-7; 

(2) the specifics of the electro-optical device comprising grooves being formed in 

the substrate along the scanning lines and the scanning lines being buried at least 

partially in the grooves directly or through a interlayer insulating film and where the 

narrow width portion has a buried portion buried in the groove and extending along the 

scanning line and a non-buried portion not buried in the groove extending along the 

scanning line in parallel to the buried portion comprising a second embodiment 

corresponding to Claim 9; 

(3) the specifics of the electro-optical device comprising a capacitive line having 

a capactitor electrode where a portion overlapping the thin-film transistor in the date line 

being formed locally broad and a width of the portion extending along the data line in 

the capacitive line being broader than a width of a portion not formed in the data line 
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and equal to that of the portion formed broad in the data line comprising a third 

embodiment corresponding to Claims 11 and 13; 

Page 3 

( 4) the specifics of the electro-optical device comprising a capacitive line having 

a capactitor electrode where a portion overlapping the thin-film transistor in the date line 

being formed locally broad and a width of the portion extending along the data line in 

the capacitive line being broader than a width of a portion not formed in the data line 

and narrower than that of the portion formed broad in the data line comprising a fourth 

embodiment corresponding to Claims 12 and 14-16. 

2. Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for 

prosecution on the merits to which the claims shall be restricted if no generic claim is 

finally held to be allowable. Currently, none of the claims are generic. 

Applicant is advised that a reply to this requirement must include an identification 

of the species that is elected consonant with this requirement, and a listing of all claims 

readable thereon, including any claims subsequently added. An argument that a claim 

is allowable or that all claims are generic is considered nonresponsive unless 

accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration 

of claims to additional species which are written in dependent form or otherwise include 

all the limitations of an allowed generic claim as provided by 37 CFR 1.141. If claims 

are added after the election, applicant must indicate which are readable upon the 

elected species. MPEP § 809.02(a). 

Page 43 of 395



Application/Control Number: 10/320,371 

Art Unit: 2871 

Page 4 

Should applicant traverse on the ground that the species are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the species to be obvious variants or clearly admit on the record that this is the 

case. In either instance, if the examiner finds one of the inventions unpatentable over 

the prior art, the evidence or admission may be used in a rejection under 35 

U.S.C. 103(a) of the other invention. 

3. A telephone call was made to Randi B. Isaacs on September 29, 2005 to request 

an oral election to the above restriction requirement, but did not result in an election 

being made. 

Applicant is advised that the reply to this requirement to be complete must 

include an election of the invention to be examined even though the requirement be 

traversed (37 CFR 1.143). 

4. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to George Y. Wang whose telephone number is 571-272-

2304. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Robert H. Kim can be reached on 571-272-2293. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

G1/il!:! 
Patent Examiner 
AU 2871 
September 29, 2005 
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In re the Application of 

Masao MURA.DE 

Application No.: 10/320,371 

Filed: December 17, 2002 

PATENT APPLICATION 

Group Art Unit: 2871 

Examiner: G. WANG 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

INFORMATION DISCLOSURE STATEMENT 

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

Sir: 

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is hereby 
directed to the reference(s) listed on the attached PTO-1449. Unless otherwise indicated herein, 
one copy of each reference is attached. It is respectfully requested that the information be 
expressly considered during the prosecution of this application, and that the reference(s) be made 
of record therein and appear among the "References Cited" on any patent to issue therefrom. 

[8] 

[8] 

[8] 

1. This Information Disclosure Statement is being filed before the mailing date of a 
first Office Action on the merits after the filing of a Request for Continued Examination 
under 37 CFR §1.114. No certification or fee is required. 

2. The References were cited in a counterpart Taiwanese application. 

3. In accordance with 37 CFR § l.98(a)(2)(ii), copies of any U.S. patents and patent 
application publications are not attached. 

4. An English language Abstract of the non-English language reference is attached 
hereto. 

cCP-0 
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C8] - 5. - - • A computer-generated English: language translation of the following Japanese 
Patent Publication has been obtained from the website of the Japanese Patent Office 
([http://www.jpo.go.jp]), and is attached, but has not been reviewed for accuracy. See 
Reference i. 

JAO:RBI/jfb 

Date: September 21, 2005 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-2-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deoosit Account No. 15-0461 
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US Dept of Commerce A TTY DOCKET No:· •• APPLICATION NO. ~-~· 
(REV. 8-83) PATENT & TRADEMARK OFFICE 114542 10/320,371 

INFORMATION DISCLOSURE STATEMENT 

(Use several sheets if necessary) APPLICANT(S) 
Masao MURADE 

FILING DATE GROUP 
December l 7, 2002 2871 

U.S. PATENT DOCUMENTS 

EXAMINER SUB 
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS 

1 5,748,276 05/05/1998 UNO et al. 

FOREIGN PA TENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

2 JP-A-06-120099 (w/English- 04/28/1994 JAPAN 
language Translation & Abstract) 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.) 

EXAMINER I DATE CONSIDERED 

Examiner: Initial if citation considered, whether or not citation is in confonnance with M.P.E.P. 609; draw line through citation if not in 
co.nfonnance and not considered. Include copy of this form with next communication to annlicant. 

Date: September 21, 2005 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

, P E v. In re the Application of 
0 o_. 

~ 

.1Ul 'l. 5 'l,\\\fl asao MURADE Group Art Unit: 2871 

~ ~~· pplication No.: 10/320,371 
~r & TR~~)~ 

Examiner: G. WANG 

Filed: December 17, 2002 Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND MAIL STOP RCE 
ELECTRONIC APPARATUS 

LARGE ENTITY REQUEST FOR 
CONTINUED EXAMINATION UNDER 37 C.F.R. §1.114 

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

Sir: 

In accordance with the provisions of 37 C.F.R. § 1. 114, Applicant hereby requests continued 

examination. 

~ Applicant further requests entry and consideration of the attached submission. 

The above-identified application was filed on or after June 8, 1995. Thus, entry is proper 

under 37 C.F.R. §l.114(d). 

Attached hereto is our check no. 169100 in the amount ofcg:J $790.00 as payment of the fees 

set forth in 3 7 C.F .R. § 1.17( e ). The Commissioner is hereby authorized to charge any additional fees 

or credit any overpayment associated with this communication to Deposit Account No. 15-0461. Two 

duplicate copies of this page are enclosed. 

Respectfully submitted, 

~~~ 
James A. Oliff 
Registration No. 27,075 

07/26/2005 JADD01 00000008 10320371 

01 FC:1801 790.00 OP 

JAO:RBI/aaw 

Date: July 25, 2005 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant' any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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'> 5~ PATENT APPLICATION 
lU\. 1. 

IN THE UNITED STA TES PA TENT AND TRADEMARK OFFICE 

In re the Application of 

MasaoMURADE 

Application No.: 10/320,371 

Filed: December 1 7, 2002 

Group Art Unit: 2871 

Examiner: G. WANG 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

AMENDMENT FILED WITH REQUEST FOR CONTINUED EXAMINATION 
UNDER 37 C.F.R. §1.114 

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

Sir: 

After entry of the Request for Continued Examination (RCE) filed herewith, please 

consider the following: 

Amendments to the Claims as reflected in the listing of claims; and 

Remarks. 
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Amendments to the Claims: 

The following listing of claims will replace all prior versions, and listings, of claims in 

the application: 

1-5. {Canceled) 

6. {Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line, 

the pixel electrodes being arranged in a matrix shape, 

the respective channel area being formed in an intersecting area in which a 

first long gap extending through a space between the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

-2-
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space between the pixel electrodes sandwiching the data line and being adjacent to each other, 

are intersected, 

the narrow width portion being formed at a position deviated from a center of 

the first gap, and 

the broad width portion being formed at the center of the first gap in the 

intersecting area. 

7. (Previously Presented) The electro-optical device according to claim 6, the 

broad width portion being formed at a center of the second gap in the intersecting area. 

8. (Canceled) 

9. (Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends, the broad width portion and the channel area extending in a 

-3-
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direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line, 

grooves being formed in the substrate along the scanning lines, and the 

scanning lines being buried at least partially in the grooves directly or through an interlayer 

insulating film, 

the narrow width portion having a buried portion buried in the groove and 

extending along the scanning line and a non-buried portion non-buried in the groove and 

extending along the scanning line in parallel to the buried portion, and 

a base of the pixel electrode being positioned high along the scanning line due 

to the non-buried portion. 

I 0. (Canceled) 

11. {Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

-4-

Page 54 of 395



Application No. 10/320,371 

the channel area e1aenas; extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line; and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

a portion overlapping the thin-film transistor in the data line being formed 

locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

12. (Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

-5-
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a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and. extending in a single direction or bi-direction in which 

the channel area eM.tends; extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line; and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

the capacitive line being arranged in an overlapping portion between the thin­

film transistor and the data line, and 

the data line being formed broad in a portion in which a contact hole for 

connecting to the thin-film transistor is provided, in addition to the portion overlapping the 

thin-film transistor in the data line. 

13. (Previously Presented) The electro-optical device according to claim 11, for 

each thin-film transistor, the data line being formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

-6-
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14. (Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning Jines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area e~i:tends; extends, the broad width portion and the channel area extending in a 

direction extending from the channel area to a contact hole, the contact hole electrically 

connecting the channel area and the data line; and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

-7-
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a portion overlapping the thin-film transistor in the data line being formed 

locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

15. (Previously Presented) The electro-optical device according to claim 14, the 

capacitive line being arranged in the overlapping portion between the thin-film transistor and 

the data I ine, and 

the data line being formed broad in a portion in which a contact hole to 

connect to the thin-film transistor is provided, in addition to the portion overlapping the thin­

film transistor in the data line. 

16. (Previously Presented) The electro-optical device according to claim 14, for 

each of the thin-film transistors, the data line being formed continuously broad from the 

portion overlapping the thin-film transistor to a portion in which the contact hole is formed. 

17-18. (Canceled) 

-8-
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REMARKS 

Claims 6, 7, 9, 11 and 12-16 are pending in this application. By this Amendment, 

claims 6, 9, 11, 12 and 14 are amended. No new matter is added. 

The courtesies extended to Applicant's representative by Examiner Wang at the 

telephone interview held July 20, 2005, are appreciated. The reasons presented at the 

interview as warranting favorable action are incorporated into the remarks below and 

constitute Applicant's record of the interview. 

I. The Claims Define Patentable Subiect Matter 

The March 24, 2005 Office Action rejects claims 1-18 under 35 U.S.C. §103(a) over 

U.S. Patent No. 5,668,379 to Ono et al. in view of U.S. Patent No. 5,831,694 to Onisawa. 

This rejection is respectfully traversed. 

Claims 1-5, 8, 10, 17 and 18 are canceled, and thus the rejection of these claims is 

moot. 

None of the applied references teach or suggest an electro-optical device that includes 

"a respective scanning line having a broad width portion as a gate electrode in a portion 

facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, ... " as recited in amended independent claim 6 and as similarly recited in 

amended independent claims 9, I 1, 12 and 14. Nowhere does Ono or Onisawa teach or 

suggest this feature. 

During the telephone interview, the Examiner requested that the direction in which the 

broad width portion and the channel area extend be clarified. Accordingly, by this 

Amendment, independent claims 6, 9, 11, 12 and 14 are amended to include "the broad width 

portion and the channel area extending in a direction extending from the channel area to a 

contact hole, the contact hole electrically connecting the channel area and the data line." 

-9-
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Thus, for at least the reasons discussed above, claims 6, 9, 11, 1 ?- and 14, and the 

claims depending therefrom, would not have been rendered obvious by Ono in view of 

Onisawa. Withdrawal of the rejection is thus respectfully requested. 

II. Conclusion 

In view of the foregoing, it is respectfuJly submitted that this application is in 

condition for aJlowance. Favorable reconsideration and prompt allowance are earnestly 

solicited. 

Should the Examiner believe that anything further would be desirable in order to place 

this application in even better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number set forth below. 

JAO:RBI/aaw 

Attachments: 
Petition for Extension of Time 
Request for Continued Examination 

Date: July 25, 2005 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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l\l\. Date~ July 25, 2005 

Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 1 7, 2002 

Group Art Unit: 2871 

Examiner: G.WANG 

DocketNo.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

LARGE ENTITY PETITION FOR 1st - 3rd EXTENSION 
OF TIME UNDER 37 C.F.R. §1.136(a) AND 

TRANSMITTAL OF FEE UNDER 37 C.F.R. §1.17 

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

Sir: 

Transmitted herewith is a response to the outstanding Official Action in the above-identified patent 

application. The shortened statutory period having expired June 24, 2005, an exte~sion of time for a period of l 

month is hereby requested. Attached hereto is our Check No. 169102 in the amount of$120 in payment for: 

X Extension fee for response within first month pursuant to § l. l 36(a) ($120.00) 

Extension fee for response within second month pursuant to § 1.136(a) ($450.00) 

Extension fee for response within third or subsequent month pursuant to §l.136(a) ($1020.00) 

The Commissioner is hereby authorized to charge any additional fee or credit any overpayment 

associ~ted with this communication to Deposit Account No. 15-0461. Two copies of this petition are enclosed. 

07/26/2005 JADD01 00000008 10320371 

02 FC:1251 120.00 OP 

JAO:RBI/aaw 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

Respectfully submitted, 

~~/4~ 
James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension • 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 

10/320,371 

Examiner 

George Y. Wang 

Applicant(s) 

MURADE,MASAO 

Art Unit 

2871 

-The MAILING DA TE of this communication appears on the cover sheet with the co"espondence address -
THE REPLY FILED 23 June 2005 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
1. t8l The reply was filed after a final rejection, but prior to or on the same day as filing a Notice of Appeal. To avoid abandonment of 

this application, applicant must timely file one of the following replies: (1) an amendment, affidavit, or other evidence, which 
places the application in condition for allowance; (2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) 
a Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. The reply must be filed within one of the following 
time periods: 

a) [8J The period for reply expires ;!_months from the mailing date of the final rejection. 
b) 0 The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In 

no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
Examiner Note: If box 1 is checked, check either box (a) or (b). ONLY CHECK BOX (b) WHEN THE FIRST REPLY WAS FILED WITHIN 
TWO MONTHS OF THE FINAL REJECTION. See MPEP 706.07(f). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee 
have been filed is the date for purposes of deterrnining the period of extension and the corresponding amount of the fee. The appropriate extension fee 
under 37 CFR 1.17{a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action: or (2) as 
set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, 
may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of 

filing the Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since 
a Notice of Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. D The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
(a) D They raise new issues that would require further consideration and/or search (see NOTE below); 
(b)O They raise the issue of new matter (see NOTE below); 
(c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
(d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: __ . (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 
5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the 
non-allowable claim(s). 

7. [8J For purposes of appeal, the proposed amendment(s): a) D will not be entered, orb) t8l will be entered and an explanation of 
how the new or amended claims would be rejected is provided below or appended. 
The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: __ . 
Claim(s) objected to: __ . 
Claim(s) rejected: 1-18. 
Claim(s) withdrawn from consideration: __ . 

AFFIDAVIT OR OTHER EVIDENCE 
8. D The affidavit or other evidence filed after a final action, but before or on the date of filing a Notice of Appeal will not be entered 

because applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and 
was not earlier presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing a Notice of Appeal, but prior to the date of filing a brief, will not be 
entered because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a 
showing a good and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

10. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 
11. t8l The request for reconsideration has been considered but does NOT place the application in ondition for allowance because· 

12. □ ~;~ ~:;:~~:~:~ ~n~~;:ation Disclosure Statement(s). (PTO/SB/08 or PTO-1449) Paper N< s). _ n • 
13. D Other: __ . / 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 4-05) Advisory Action Before the Filing of an Appeal Brief 

VA-I 
'· ,r31: NGUYEN 

.v~XAMINEA 

Part of Paper No. 070705 
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Continuation of 11. does NOT place the application in condition for allowance because: Applicant's arguments are not persuasive. 
Applicant's main argument is that the broad width portion of Onisawa does not extend in a direction intersecting a direction in which the 
scanning line extends and in a single direction or bi-direction in which the channel area extends (depicted by arrow A) and asserts, by 
contrast, how the broad width portion of Onisawa,arrow C, extends in a direction opposite to the direction of channel A. However, there is 
nothing in Applicant's claimed language or specification that preclude directions that run in opposite directions from "intersecting" with 
each other. In fact, it appears that these directions, since they are "opposite," actually coincide with each other, thereby rendering an 
continuous intersecting of directions. 

2 
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• Mav be used for additional claims or amendments 
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OLIFF & BERRIDGE, PLC 
Telephone: (703) 836-6400 
Facsimile: (703) 836-2787 

~ff;:! 
PATEl'lI <!.l!l!li.U:::<!.IJO~ 

Attorney Docket No.: __._l.:..;14;:..:;5~4~2.__ ___ _ 

CUSTOMER NUMBER 25944 AMENDMENT IBANSMITTAT, 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Fil ea: December 17, 2002 

Group Art Unit: 2871 

Examiner: G. WANG 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

Commissioner for Patents 
·~ P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

Transmitted herewith is an Amendment in the above-identified application. 

D Entitlement to small entity status is hereby asserted . 

D Small entity status of this application has been established. 

Any additional claim fees have been calculated as shown below: 

Column I Colunm 2 Column 3 
CLAIMS 

REMAINING HIGHEST NO. 
AFTER PREVIOUSLY PRESENT 

AMENDMENT PAID FOR EXTRA 

TOTAI:'.CLAIMS •9 MINUS **20 =0 

I INDEP. CLAIMS II *5 MINUS II ***3 II =2 

I □ FIRST PRESENTATION OF MULTIPLE DEP. CLAIM 

SMALL 
ENTITY 

ADD'L 
RATE FEE 

X 

X 100 ~ 

+ 180 $ 

$ 

* If the entry in Column 1 is less than the entry in Column 2, write "0" in Column 3. 

OTHER THAN A 
S LENTITY 

OR ADD'L 
FEE 

OR + 360 

$ 400 

** 

*** 

If the "Highest Number Previously Paid For" IN THIS SP ACE is less than 20, write "20" in this space. 

If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space. 

The "Highest Number Previously Paid For" in this space (Total or Independent) is the highest number found from 
the equivalent box in Column 1 of a prior Amendment or the number of claims originally filed. 

[8] Check No. J 61635 in the amount of$.400..illl is attached. The Commissioner is hereby authorized to charge any 
other fees that may be required to complete this filing, or to credit any overpayment, to Deposit Account 
No. 15-0461. Two duplicate copies of this sheet are attached. 

JAO:RBI/aaw 
Date: June 23, 2005 

Respectfully submitted, 

~*~ 
James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

Page 67 of 395



corn~s. and Mai\ 

BOX AF PATENT APPLICATION 

RESPONSE UNDER 37 CFR §1.116 
EXPEDITED PROCEDURE 

TECHNOLOGY CENTER ART UNIT 2871 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

MasaoMURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 

Group Art Unit: 2871 

Examiner: G. WANG 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

AMENDMENT AFI'ER FINAL REJECTION UNDER 37 CFR §1.116 

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

Sir: 

In reply to the March 24, 2005 Office Action, please consider the following: 

Amendments to the Claims as reflected in the listing of claims; and 

Remarks. 

06/24/2005 SZEWJ>IE10000001210320371 

01 FC:1201 400.00 OP 
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Amendments to the Claims: 

The following listing of claims will replace all prior versions, and listings, of claims in 

the application: 

1-5. (Canceled) 

6. (Currently Amended) ~An electro-optical ele•1iee aeeeFeliag te elaim 5, 

device. comprising: 

a substrate; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

scanning lines; 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion. the channel area extending in a direction in which the data lines extend. the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends. and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends. 

the pixel electrodes being arranged in a matrix shape. 

the respective channel area being formed in an intersecting area in which a 

first long gap extending through a space between the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

-2-
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space between the pixel electrodes sandwiching the data line and being adjacent to each other, 

are intersected, 

______ the narrow width portion being formed at a position deviated from a center of 

the first gap, and 

the broad width portion being formed at the center of the first gap in the 

intersecting area. 

7. {Previously Presented) The electro-optical device according to claim 6, the 

broad width portion being formed at a center of the second gap in the intersecting area. 

8. (Canceled) 

9. (Currently Amended) +he-An electro-optical ee:r;iee aeeereiHg te elaim 8, 

device, comprising: 

a substrate; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

scanning lines; 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; and 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends, 

-3-
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grooves being formed in the substrate along the scanning lines, and the 

scanning lines being buried at least partially in the grooves directly or through an interlayer 

insulating film, 

______ the narrow width portion having a buried portion buried in the groove and 

extending along the scanning line and a non-buried portion non-buried in the groove and 

extending along the scanning line in parallel to the buried portion, and 

a base of the pixel electrode being positioned high along the scanning line due 

to the non-buried portion. 

10. (Canceled) 

11. (Currently Amended) +hErAn electro-optical eo0vieo aeeomiag to elaim rn, 

device, comprising: 

scanning lines; 

a substrate; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends; and 

-4-
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a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

______ a portion overlapping the thin-film transistor in the data line being formed 

locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

12. (Currently Amended) ~An electro-optical de'Yiee aeeot=diag te ela-im 11, 

device. comprising: 

scanning lines; 

a substrate; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

-5-

Page 72 of 395



Application No. 10/320,3 71 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends: and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

______ the capacitive line being arranged in an overlapping portion between the thin­

film transistor and the data line, and 

the data line being formed broad in a portion in which a contact hole for 

connecting to the thin-film transistor is provided, in addition to the portion overlapping the 

thin-film transistor in the data line. 

13. (Previously Presented) The electro-optical device according to claim 11, for 

each thin-film transistor, the data line being formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

14. (Currently Amended) +he-An electro-optical de~riee aeeeFding te elaim 10, 

device, comprising: 

a substrate; 

scanning lines above the substrate and extending in a predetermined direction; 

-6-
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data lines above the substrate and extending in a direction intersecting the 

scanning lines; 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends; and 

a capacitive line having a capacitor electrode on a pixel potential side 

connected to the pixel electrode to construct a storage capacitor and a capacitor electrode on a 

fixed potential side opposing the capacitor electrode on the pixel potential side through a 

dielectric film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, • 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line, 

______ a portion overlapping the thin-film transistor in the data line being formed 

locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

-7-
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15. (Previously Presented) The electro-optical device according to claim 14, the 

capacitive line being arranged in the overlapping portion between the thin-film transistor and 

the data line, and 

the data line being formed broad in a portion in which a contact hole to 

connect to the thin-film transistor is provided, in addition to the portion overlapping the thin­

film transistor in the data line. 

16. (Previously Presented) The electro-optical device according to claim 14, for 

each of the thin-film transistors, the data line being formed continuously broad from the 

portion overlapping the thin-film transistor to a portion in which the contact hole is formed. 

17-18. (Canceled) 

-8-
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REMARKS 

Claims 6, 7, 9, 11 and 12-16 are pending in this application. By this Amendment, 

claims 1-5, 8, 10, 17 and 18 are canceled and claims 6, 9, 11, 12 and 14 are amended to 

further clarify the subject matter therein. No new matter is added. 

Entry of the amendments is proper under 3 7 CFR § 1.116 since the amendments: ( a) 

place the application in condition for allowance (for the reasons discussed herein); (b) do not 

raise any new issue requiring further search and/or consideration (since the amendments 

amplify issues previously discussed throughout prosecution); ( c) satisfy a requirement of form 

asserted in the previous Office Action; ( d) do not present any additional claims without 

canceling a corresponding number of finally rejected claims; and ( e) place the application in 

better form for appeal, should an appeal be necessary. The amendments are necessary and 

were not earlier presented, because they are made in response to arguments raised in the final 

rejection. Entry of the amendments is thus respectfully requested. 

I. The Claims are Supported by the Specification 

Claim 6 is amended into independent form to include the subject matter of cancelled 

claims 1 and 5. Claim 9 is amended into independent form to include the subject matter of 

cancelled claims 1 and 8. Claims 11, 12 and 14 are amended into independent form to 

include the subject matter of cancelled claims 1 and 10. Thus, no new matter is added. 

II. The Claims Define Patentable Subiect Matter 

The Office Action rejects claims 1-18 under 35 U.S.C. §103(a) over U.S. Patent No. 

5,668,379 to Ono et al. in view of U.S. Patent No. 5,831,694 to Onisawa. This rejection is 

respectfully traversed. 

Claims 1-5, 8, 10, 17 and 18 are canceled, and thus the rejection of these claims is 

moot. 

-9-
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None of the applied references teach or suggest an electrical electro-optical device that 

includes "a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another portion, the channel area extending in a direction in which the data lines extend, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

area extends, and the broad width portion extending in a direction intersecting a direction in 

which the scanning line extends and extending in a single direction or bi-direction in which 

the channel area extends," as recited in amended independent claims 6 and as similarly recited 

in amended independent claims 9, 11, 12 and 14. 

As acknowledged by the Office Action on page 3, Ono fails to specifically disclose 

this feature. However, Onisawa does not remedy this deficiency. 

Onisawa discloses, as shown by Fig. 3 and the Examiner's representation of Fig. 3 of 

Onisawa on page 3 of the Office Action, the broad width portion depicted by arrow C. 

However, the broad width portion ofOnisawa does not extend in a direction intersecting a 

direction in which the scanning line extends and in a single direction or bi-direction in which 

the channel area extends ( depicted by arrow A). In contrast, the broad width portion of 

Onisawa, arrow C, extends in a direction opposite in the direction in which the channel area 

extends, arrow A. Thus, Onisawa does not teach or suggest "the broad width portion 

extending in a direction intersecting a direction in which the scanning line extends and 

extending in a single direction or bi-direction in which the channel area extends," as recited in 

the independent claims. 

Thus, for at least the reasons discussed above, claims 6, 9, 11, 12 and 14, and the 

claims depending therefrom, would not have been rendered obvious by Ono in view of 

Onisawa. Withdrawal of the rejection is thus respectfully requested. 

-10-
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III. Conclusion 

fu view of the foregoing, it is respectfully submitted that this application is in 

condition for allowance. Favorable reconsideration and prompt allowance are earnestly 

solicited. 

Should the Examiner believe that anything further would be desirable in order to place 

this application in even better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number set forth below. 

JAO:RBl/aaw 

Attachment: 
Amendment Transmittal 

Date: June 23, 2005 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-11-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 

Page 78 of 395



,a 

0\P~ .. 
v\ c.· 

JUN tl 7 10~ 1,) 
~- •'-1 ,'?- <".,y 

PATENT APPLICATION 

fl ,!l-~;;-
~:;r:;J.J~~UNITED ST ATES PA TENT AND TRADEMARK OFFICE 

. In re the Application of 

Masao MURADE Group Art Unit: 2871 

Examiner: G. WANG Application No.: 10/320,371 

Filed: December 17, 2002 DocketNo.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

INFORMATION DISCLOSURE STATEMENT 

Com.missioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Pursuant to 3 7 CFR § 1.56, the attention of the Patent and Trademark Office is hereby 
directed to the references listed on the attached PTO-1449. Unless otherwise indicated herein, 
one copy of each reference is attached. It is respectfully requested that the information be 
expressly considered during the prosecution of this application, and that the references be made 
of record therein and appear among the "References Cited" on any patent to issue therefrom. 

r2l 

r2l 

1. This Information Disclosure Statement is being filed more than three months after 
the U.S. filing date and after the mailing date of a Final Rejection, Notice of Allowance, 
or other action that closes prosecution (e.g., Quayle Action), but before payment of the 
Issue Fee. Attached is our Check No. 167446 in the amount of$180.00 in payment of the 
fee under 37 CFR § 1.17(p ). Please credit or debit Deposit Account No. 15-0461 as 
needed to ensure consideration of the disclosed information. Two duplicate copies of this 
paper are attached. 

r2] a. I hereby certify that each item of information contained in this 
Information Disclosure Statement was first cited in any communication from a 
foreign patent office in a counterpart foreign application not more than three 
months prior to the filing of this Information Disclosure Statement. 
37 CFR § 1.97(e)(l). 

2. The references were cited in a counterpart foreign application. 

r2] 3. In accordance with 37 CFR § 1.98(a)(2)(ii), copies of any U.S. patents and patent 
application publications are not attached. 

r2] 4. English language Abstracts of the non-English language references are attached 
hereto. 

06/08/2005 SDEHBOB10000012010320371 

01 FC:1806 180.00 OP 
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.. Application No. 10/320,371 

1:8:J 5. A computer-generated English language translation of the following Japanese 
Patent Publication has been obtained from the website of the Japanese Patent Office 
([http://www.jpo.go.jp]), and is attached, but has not been reviewed for accuracy. See 
References 4 and 6. 

6. 

7. 

The U.S. equivalent of JP2001-331125A is U.S Publication No. 2002/0021379. 

The U.S. equivalent of JP2001-343912A is U.S. Patent No. 6,528,822. 

JAO:RBVcfr 

Date: June 7, 2005 

OLIFF & BERRIDGE, PLC 

P .0. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-2-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Form PT0-1449 RA.."°"'"..,Pnt. of Commerce . A rrY DOCKET NO. APPLICATION NO. 
(REV. 8-83) PATENT & TRADEMARK OFFICE I 14542 10/320,371 

INFORMATION DISCLOSURE STATEMENT 

{Use several sheets if necessary} APPLICANT(S) 
MasaoMURADE 

FILING DATE GROUP 
December 17, 2002 2871 

U.S. PATENT DOCUMENTS 

EXAMINER SUB 
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS 

I • 6,528,822 03/04/2003 Murade 

2 •• US2002-021379 02/21/2002 Kim 

FOREIGN PATENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

3 JP2001-343912A* 12/14/2001 Japan 

4 JP2001-330859 11/30/2001 Japan w/Eng. Abs. & Translation 

5 JP200l-33125A** 2/9/2001 Japan 

6 JP200 l-356709 12/26/2001 Japan e/Eng. Abs. & Translation 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.) 

EXAMINER I DATE CONSIDERED 

Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in 
conformance and not considered. Include copy of this form with next communication to anolicant. 

Date: June 7, 2005 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 

Group Art Unit: 2871 

Examiner: G. Wang 

Docket No.: 114542 

For: ELECTRIC OPTICAL APPARATUS AND ELECTRONIC DEVICE 

INFORMATION DISCLOSURE STATEMENT 

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

Sir: 

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is hereby 
directed to the references listed on the attached PTO-1449. Unless otherwise indicated herein, 
one copy of each reference is attached. It is respectfully requested that the information be 
expressly considered during the prosecution of this application, and that the references be made 
of record therein and appear among the "References Cited" on any patent to issue therefrom. 

cg] 1. This Information Disclosure Statement is being filed more than three months after 
the U.S. filing date and after the mailing date of a Final Rejection, Notice of Allowance, 
or other action that closes prosecution (e.g., Quayle Action), but before payment of the 
Issue Fee. Attached is our Check No. 166041 in the amount of$180.00 in payment of the 
fee under 37 CFR § 1.17(p). Please credit or debit Deposit Account No. 15-0461 as 
needed to ensure consideration of the disclosed information. Two duplicate copies of this 
paper are attached. 

cg] a. I hereby certify that each item of information contained in this 
Information Disclosure Statement was first cited in any communication from a 
foreign patent office in a counterpart foreign application not more than three 
months prior to the filing of this Information Disclosure Statement. 
37 CFR § 1.97(e)(l). 

2. References 2 and 3 were cited in a counterpart foreign application. 

t8J 3. In accordance with 37 CFR § 1.98(a)(2)(ii), copies of any U.S. patents and patent 
application publications are not attached. 

04/2£/2005 SZ£UJ>IE10000009910320371 

01 FC:180£ 1&0.00 OP 
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Application No. 10/320,371 

1:8:J 4. An English language Abstracts of the non-English language reference is attached 
hereto. An English language translation is also attached. 

5. WO 01/81994 is a counterpart of U.S. Patent 6,583,830. 

JAO:RBI/cfr 

Date: April 25, 2005 

OLIFF & BERRIDGE, PLC 
P .0. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-2-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Randi B. Isaacs 
Registration No. 56,046 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Form PTO-1449 ~R- I rs."3lf. of Commerce A TTY DOCKET NO. APPLICATION NO. 
(REV. 8-83) PAI - ~ _ EMARK OFFICE 114542 10/320,371 

INFORMA Tl ON DISCLOSURE STATEMENT 

(Use several sheets if necessary) APPLICANT(S) 
Masao MURADE 

FILING DATE GROUP 
December 17, 2002 2871 

U.S. PATENT DOCUMENTS 

EXAMINER SUB 
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS 

6,583,830 06/24/2003 Yasukawa et al. 

FOREIGN PA TENT DOCUMENTS 

SUB 
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS 

WO 01/81994 Al I 1/01/2001 PCT w/English Abstract 

2001-209070 8/3/2001 Japan w/English Translation 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.) 

EXAMINER I DA TE CONSIDERED 

Examiner: Initial if citation considered, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in 
conformance and not considered. Include coov of this form with next communication to avolicant. 

Date: April 25, 2005 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/320,371 12/17/2002 

25944 7590 03/24/2005 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

FIRST NAMED INVENTOR 

Masao Murade 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

V 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

114542 1588 

EXAMINER 

WANG, GEORGE Y 

ART UNIT , PAPER NUMBER 

2871 

DA TE MAILED: 03/24/2005 

Please find below and/or attached an Office communication concerning this application or proceeding. 

PTO-90C (Rev. 10/03) 
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Office Action Summary 

Application No. 

10/320,371 

Examiner 

George Y. Wang 

Applicant(s) 

MURADE, MASAO 

Art Unit 

2871 

•• The MAILING DATE of this communication appears on the cover sheet with the correspondence address •• 

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent tenn adjustment. See 37 CFR 1. 704(b). 

Status 

1 )[81 Responsive to communication(s) filed on 13 September 2004. 

2a)[8J This action is FINAL. 2b )0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[81 Claim(s) 1-18 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[81 Claim(s) 1-18 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)[81 The drawing(s) filed on 12 March 2003 is/are: a)l:8l accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)[81 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. §.119(a)-(d) or (f). 

a)[8J All b)O Some* c)O None of: 

1.[81 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) 0 Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PTO-152) 
6) 0 Other: __ . 

U.S. Patent and Trademar1< Office 
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 112404 
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Application/Control Number: 10/320,371 

Art Unit: 2871 

DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

Page 2 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

2. Claims 1-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Ono et al. (U.S. Patent No. 5,668,379, hereinafter "Ono") in view of Onisawa et al. (U.S. 

Patent No. 5,831,694, hereinafter "Onisawa"). 

3. As to claims 1 and 18, Ono discloses an electronic apparatus (fig. 2) having an 

electro-optical device (fig. 2, ref. TFT SUB) comprising a substrate (fig. 1, ref. SUB1 ), 

scanning lines (fig. 2, ref. GL) above the substrate and extending in a predetermined 

direction, data lines (fig. 1, ref. DL) above the substrate and extending in a direction 

intersecting the scanning lines, thin-film transistors (TFTs) (fig. 2, ref. TFT) formed at 

the intersecting areas of the scanning and data lines, pixel electrodes (col. 8, lines 6-8) 

formed corresponding to the TFTs, and ·where the scanning lines have a broad width 

portion (fig. 2, ref. GL) as a gate electrode in a portion of a respective TFT and a narrow 

width portion in another portion. 
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Application/Control Number: 10/320,371 

Art Unit: 2871 

Page 3 

However, the reference fails to specifically disclose the broad portion of the 

scanning line in a portion facing a channel area of a respective TFT, where the channel 

area extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion extends in a direction intersecting a direction in which the 

. scanning line extends and in a single direction or bi-direction in which the channel area 

extends. 

Onisawa discloses the broad portion of the scanning line as a gate electrode (fig. 

3, ref. 2) in a portion facing a channel area of a respective TFT, where the channel area 

extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion extends in a direction intersecting a direction in which the 

scanning line extends and in a single direction or bi-direction in which the channel area 

• extends (see Response to Arguments). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the broad portion of the scanning line as a gate electrode in 

a portion facing a channel area of a respective TFT since one would be motivated to 

provide a low-cost panel capable of yielding high throughput and yield, ultimately to 

provide a high quality display by reducing resistance (col. 2, lines 33-39). 
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Application/Control Number: 10/320,371 

Art Unit: 2871 

Page 4 

4. Regarding claims 2-3, Ono discloses the electro-optical device as recited above 

where the broad width portion having a portion lengthened from the narrow width 

portion and is connected to the narrow width portion (fig. 3, ref. 2). 

5. As per claims 4-9, Ono discloses the electro-optical device as recited above, with 

the pixel electrode arranged in a matrix shape, however, the reference fails to 

specifically disclose the scanning line extending in a direction intersecting a direction in 

which the channel area extends, and the broad width portion extending in a single 

direction or bi-direction in which the channel area extends, and scanning lines buried pt 

least partially in the grooves directly or through an insulating film. 

Onisawa discloses an electro-optical device with the scanning line extending in a 

direction intersecting a direction in which the channel area extends, and the broad width 

portion extending in a single direction or bi-direction in which the channel area extends 

(fig. 3, ref. 2) and scanning lines covered by insulating film (fig. 4, ref. 3). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

single direction or bi-direction in which the channel- area extends, and scanning lines 

buried pt least partially in the grooves directly or through an insulating film since one 

• would be motivated to provide a low-cost panel capable of yielding high throughput and 

yield, ultimately to provide a high quality display by reducing resistance (col. 2, lines 33-

39). 
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Art Unit: 2871 

Page 5 

6. Regarding claims 10-17, Ono discloses the electro-optical device as recited 

above having a capacitative line (fig. 2, ref. STORAGE CAPACITOR) to constitute a 

storage capacitor extending along the scanning line and a portion of the data line and is 

broader (fig. 2) than the data line, and a light shield (fig. 1, ref. BM) on another substrate 

(fig. 1, ref. SUB2). 

Response to Arguments 

7. Applicant's arguments filed September 13, 2004 have been fully considered but 

they are not persuasive. 

Applicant's main argument is that the cited prior art references to do teach the 

newly added limitations that "the channel area extending in a direction in which the data 

lines extend, the respective scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

direction intersecting a direction in which the scanning line extends and extending in a 

single direction or bi-direction in which the channel area extends." However, the 

Examiner disagrees. The Onisawa reference clearly teaches these limitations. 

Referring to Figure 3 below, Onisawa teaches the channel area extending in a direction 

in which the data lines extend (arrow A), the respective scanning line extending in a 

direction intersecting a direction in which the channel area extends (arrow B), and the 

broad width portion extending in a direction intersecting a direction in which the 
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Art Unit: 2871 
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scanning line extends and extending in a single direction in which the channel area 

extends (arrow C). 

FIG. 3 

J 

7 

.4 

Therefore, Onisawa clearly cures the deficiencies of Ono and thus satisfies all the 

limitations of the claimed invention. 

Therefore, Examiner holds to the validity of the references used and maintains 

rejection. 

Conclusion 

8. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 
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Art Unit: 2871 

Page 7 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to George Y. Wang whose telephone number is 571-272-

2304. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Robert H. Kim can be reached on 571-272-2293. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see. http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

Page 92 of 395



Application/Control Number: 10/320,371 
Art Unit: 2871 

gw 
November 24, 2004 

Pages 

Page 93 of 395



Index of Claims 
Application No. Applicant{s) 

111 111 II 11 1111 Ill 111 

10/320,371 MURADE, MASAO 
Examiner Art Unit 

Geome Y. Wanq 2871 

✓ Rejected - {Through numeral) Non-Elected Appeal 
Cancelled N A 

= Allowed + Restricted I Interference 0 Objected 

~ 
Claim Date Claim Date Claim Date 

iii ~ iii 
iii 

iii 
iii C: iii C: C: 
C: '8> ~ C: 'ci> C: .0) 

u::: 'C: u::: ·c: u::: ·c: 
0 0 0 

1 ✓ 51 101 
2 ✓ 52 102 
3 ✓ 53 103 
4 ✓ 54 104 
5 ✓ 55 105 
6 ✓ 56 106 
7 ✓ 57 107 
8 ✓ 58 108 
9 ✓ 59 109 
10 ✓ 60 110 
11 ✓ 61 111 
12 ✓ 62 112 
13 ✓ 63 113 
14 ✓ 64 114 
15 ✓ 65 115 
16 ✓ 66 116 
17 ✓ 67 117 
18 ✓ 68 118 
19 69 119 
20 70 120 
21 71 121 
22 72 122 
23 73 123 
24 74 124 
25 75 125 
26 76 126 
27 77 127 
28 78 128 
29 79 129 
30 80 130 
31 81 131 
32 82 132 
33 83 133 
34 84 134 
35 85 135 
36 86 136 
37 87 137 
38 88 138 
39 89 139 
40 90 140 
41 91 141 
42 92 142 
43 93 143 
44 94 144 
45 95 145 
46 96 146 
47 97 147 
48 98 148 
49 99 149 
50 100 150 

U.S. Patent and Trademark Office Part of Paper No. 112404 

Page 94 of 395



Search Notes Application No. Applicant(s) 

~ 111 II 11 1111 II 111 

10/320,371 MURADE, MASAO 
Examiner Art Unit 

George Y. Wang 2871 

SEARCHED 
SEARCH NOTES 

(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

Updated Search 11/24/2004 GW 
EAST Search 11/24/2004 GW 

/ 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

U.S. Patent and Trademark Office Part of Paper No. 112404 

Page 95 of 395



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/320,371 12/17/2002 

25944 7590 12/01/2004 

OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

FIRST NAMED INVENTOR 
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Application No. Appllcant(s) 

10/320,371 MURADE,MASAO 

Office Action SummBJry Eltaminer Art Unit 

George Y. Wang 2871 

-· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •• 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event. however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1 )i?sl Responsive to communication(s) filed on 13 September 2004. 

2a)l?sl This action is Fll\lAl. 2b)O This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice Linder Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)12?J Claim(s} 1-18 is/are pending in the application. 

4<\l} Of the above claim(s} __ is/are withdrawn from consideration. 

5)0 Claim(s} ___ is/are allowed. 

6}[8l Claim(s} 1-18 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)i?sl The drawing(s) filed on 12 March 2003 is/are: a}~ accepted or b)O objected to by the Examiner. 

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.12_1 (d). 

11 )0 The oath or declaration i~ objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)[gl Acknowledg~ent is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)[gl All b)O Some* c)O None of: 

1.[gj Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 
3) 0 Information Disdosure Statement(s) (PTO-1449 or PTO/SB/08) 

Paper No(s)/Mail Date 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PTO-152) 
6) 0 Other: __ . 

U.S. Patent and Trademar1< Office 
PTOL-326 (Rev. 1-04) Office Action Sum_mary Part of Paper No./Mail Date 112404 
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DETAILED ACTION 

Claim Rejections - 35 USC§ 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

2. Claims 1-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Ono et al. (U.S. Patent No. 5,668,379, hereinafter "Ono") in view of Onisawa et al. (U.S. 

Patent No. 5,831,694, hereinafter "Onisawa"). 

3. As to claims 1 and 18, Ono discloses an electronic apparatus (fig. 2) having an 

electro-optical device (fig. 2, ref. TFT SUB) comprising a substrate (fig. 1, ref. SUB1 ), 

scanning lines (fig. 2, ref. GL) above the substrate and extending in a predetermined 

direction, data lines (fig. 1, ref. DL) above the substrate and extending in a direction 

intersecting the scanning lines, thin-film transistors (TFTs} (fig. 2, ref. TFT) formed at 

the intersecting areas of the scanning and data lines, pixel electrodes (col. 8, lines 6-8) 

formed corresponding to the TFTs, and where the scanning lines have a broad width 

portion (fig. 2, ref. GL) as a gate electrode in a portion of a respective TFT and a narrow 

width portion in another portion. 
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However, the reference fails to specifically disclose the broad portion of the 

scanning line in a portion facing a channel area of a respective TFT, where the channel 

area extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion extends in a direction intersecting a direction in which the 

scanning line extends and in a single direction or bi-direction in which the channel area 

extends. 

Onisawa discloses the broad portion of the scanning line as a gate electrode (fig. 

3, ref. 2) in a portion facing a channel area of a respective TFT, where the channel area 

extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion ~xtends in a direction intersecting a direction in which the 

scanning line e.xtends and in a single direction or bi-direction in which the channel area 

extends (see Response to Arguments). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the broad portion of the scanning line as a gate electrode in 

a portion facing a channel area of a respective TFT since one would be motivated to 

provide a low-cost panel capable of yielding high throughput and yield, ultimately to 

provide a high quality display by reducing resistance (col. 2, lines 33-39). 
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4. Regarding claims 2-3. Ono discloses the electro-optical device as recited above 

where the broad width portion having a portion lengthened from the narrow width 

portion and is connected to the narrow width portion (fig. 3, ref. 2). 

5. As per claims 4-9, Ono discloses the electro-optical device as recited above, with 

the pixel electrode arranged in a matrix shape. however, the reference fails to 

specifically disclose the scanning line extending in a direction intersecting a direction in 

which the channel area extends, and the broad width portion extending in a single 

direction or bi-direction in which the channel area extends. and scanning lines buried pt 

least partially in the grooves directly or through an insulating film. 

Onisawa discloses an electro-optical device with the scanning line extending in a 

direction intersecting a direction in which the channel area extends, and the broad width 

portion extending in a single direction or bi-direction in which the channel area extends 

(fig. 3, ref. 2) and scanning lines covered by insulating film (fig. 4, ref. 3). 

It would have b~en obvious to one of ordinary skill in the art at the time the 

invention was made to have the scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

single direction or bi-direction in which the channel area extends, and scanning lines 

buried pt least partially in the grooves directly or through an insulating film since one 

would be motivated to provide a low-cost panel capable of yielding high throughput and 

yield, ultimately to provide a high quality display by reducing resistance (col. 2, lines 33-

39). 
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6. Regarding claims 10-17, Ono discloses the electro-optical device as recited 

above having a capacitative line (fig. 2, ref. STORAGE CAPACITOR) to constitute a 

storage capacitor extending along the scanning line and a portion of the data line and is . 

broader (fig. 2) than the data line, and a light shield (fig. 1, ref. BM) on another substrate 

(fig. 1, ref. SUB2). 

Response to Arguments 

7. Applicant's arguments filed September 13, 2004 have been fully considered but 

they are not- persuasive. 

Applicant's main argument is that the cited prior art references to do teach the 

newly added limitations that "the channel area extending _in a dir~ction in which the data 

lines extend, the respective scanning line extending in a direction intersecting a 

.direction in which the channel area extends, and the broad width portion extending in a 

direction intersecting a direction in whi_ch the scanning line extends and extending in a 

single direction or bi-direction in which the channel area extends." However, the 

Examiner disagrees. The Onisawa reference clearly teaches these limitations. 

Referring to Figure 3 below, Onisawa teaches the channel area extending in a direction 

in which the data lines extend (arrow A), the respective scanning line extending in a 

direction intersecting a direction in which the channel area extends (arrow B), and the 

broad width portion extending in a direction intersecting a direction in which the 
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scanning line extends and extending in a single direction in which the channel area 

extends (arrow C). 

FIG. 3 

3 4 

6' 

6 

7 

Therefore, Onisawa clearly cures the deficiencies of Ono and thus satisfies all the 

limitations of the claimed invention. 

Therefore, Examiner holds to the validity of the references used and maintains 

rejection. 

Conclusion 

8. THIS ACTION IS MADE FINAL Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to George Y. Wang whose telephone number is 571-272-

2304. The examiner can normally be reached on M-F, 8 am -4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Robert H. Kim can be reached on 571-272-2293. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217:.9197 (toll-free). 
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Office Action Summary 

Application No. 

10/320,371 

Examiner 

Applicant(s) 

MURADE, MASAO 

Art Unit 

George Y. Wang 2871 

•· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address •· 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
• Extensions of lime may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
• If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

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

Status 

1 )t8J Responsive to communication(s) filed on 13 September 2004. 

2a)t8J This action is FINAL. 2b)O This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)t8J Claim(s) 1-18 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)t8J Claim(s) 1-18 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)t8J The drawing(s) filed on 12 March 2003 is/are: a)t8J accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)t8J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)t8J All b)O Some* c)O None of: 

1.t8J Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) 0 Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademar1< Office 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PTO-152) 
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PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 112404 
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Page 2 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

2. Claims 1-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Ono et al. (U.S. Patent No. 5,668,379, hereinafter "Ono") in view of Onisawa et al. (U.S. 

Patent No. 5,831,694, hereinafter "Onisawa"). 

3. As to claims 1 and 18, Ono,discloses an electronic apparatus (fig. 2) having an 

electro-optical device (fig. 2, ref. TFT SUB) comprising a substrate (fig. 1, ref. SUB1 ), 

scanning lines (fig. 2, ref. GL) above the substrate and extending in a predetermined 

direction, data lines (fig. 1, ref. DL) above the substrate and extending in a direction 

intersecting the scanning lines, thin-film transistors (TFTs) (fig. 2, ref. TFT) formed at 

the intersecting areas of the scanning and data lines, pixel electrodes (col. 8, lines 6-8) 

formed corresponding to the TFTs, and where the scanning lines have a broad width 

portion (fig. 2, ref. GL) as a gate electrode in a portion of a respective TFT and a narrow 

width portion in another portion. 
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However, the reference fails to specifically disclose the broad portion of the 

scanning line in a portion facing a channel area of a respective TFT, where the channel 

area extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion extends in a direction intersecting a direction in which the 

scanning line extends and in a single direction or bi-direction in which the channel area 

extends. 

Onisawa discloses the broad portion of the scanning line as a gate electrode (fig. 

3, ref. 2) in a portion facing a channel area of a respective TFT, where the channel area 

extends in a direction in which the data lines extend, the respective scanning line 

extends in a direction intersecting a direction in which the channel area extends, and 

the broad width portion extends in a direction intersecting a direction in which the 

scanning line extends and in a single direction or bi-direction in which the channel area 

extends (see Response to Arguments). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the broad portion of the scanning line as a gate electrode in 

a portion facing a channel area of a respective TFT since one would be motivated to 

provide a low-cost panel capable of yielding high throughput and yield, ultimately to 

provide a high quality display by reducing resistance (col. 2, lines 33-39). 
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4. Regarding claims 2-3, Ono discloses the electro-optical device as recited above 

where the broad width portion having a portion lengthened from the narrow width 

portion and is connected to the narrow width portion (fig. 3, ref. 2). 

5. As per claims 4-9, Ono discloses the electro-optical device as recited above, with 

the pixel electrode arranged in a matrix shape, however, the reference fails to 

specifically disclose the scanning line extending in a direction intersecting a direction in 

which the channel area extends, and the broad width portion extending in a single 

direction or bi-direction in which the channel area extends, and scanning lines buried pt 

least partially in the grooves directly or through an insulating film. 

Onisawa discloses an electro-optical device with the scanning line extending in a 

direction intersecting a direction in which the channel area extends, and the broad width 

portion extending in a single direction or bi-direction in which the channel area extends 

(fig. 3, ref. 2) and scanning lines covered by insulating film (fig. 4, ref. 3). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

single direction or bi-direction in which the channel area extends, and scanning lines 

buried pt least partially in the grooves directly or through an insulating film since one 

would be motivated to provide a low-cost panel capable of yielding high throughput and 

yield, ultimately to provide a high quality display by reducing resistance (col. 2, lines 33-

39). 
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6. Regarding claims 10-17, Ono discloses the electro-optical device as recited 

above having a capacitative line (fig. 2, ref. STORAGE CAPACITOR) to constitute a 

storage capacitor extending along the scanning line and a portion of the data line and is . 

broader (fig. 2) than the data line, and a light shield (fig. 1, ref. BM) on another substrate 

(fig. 1, ref. SUB2). 

Response to Arguments 

7. Applicant's arguments filed September 13, 2004 have been fully considered but 

they are not persuasive. 

Applicant's main argument is that the cited prior art references to do teach the 

newly added limitations that "the channel area extending in a direction in which the data 

lines extend, the respective scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

direction intersecting a direction in which the scanning line extends and extending in a 

single direction or bi-direction in which the channel area extends."· However, the 

Examiner disagrees. The Onisawa reference clearly teaches these limitations. 

Referring to Figure 3 below, Onisawa teaches the channel area extending in a direction 

in which the data lines extend (arrow A), the respective scanning line extending in a 

direction intersecting a direction in which the channel area extends (arrow B), and the 

broad width portion extending in a direction intersecting a direction in which the 
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scanning line extends and extending in a single direction in which the channel area 

extends (arrow C). 

FIG. 3 

6 

7 

Therefore, Onisawa clearly cures the deficiencies of Ono and thus satisfies all the 

limitations of the claimed invention. 

Therefore, Examiner holds to the validity of the references used and maintains 

rejection. 

Conclusion 

8. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

.than SIX MONTHS from the mailing date of this final action. 

Any inquiry conce~ning this communication or earlier communications from the 

examiner should be directed to George Y. Wang whose telephone number is 571-272-

2304. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Robert H. Kim can be reached on 571-272-2293. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 

Group Art Unit: 2871 

Examiner: G. Wang 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

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

Sir: 

AMENDMENT 

In reply to the July 12, 2004 Office Action, please consider the following: 

Amendments to the Claims as reflected in the listing of claims; and 

Remarks. 
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Amendments to the Claims: 

The following listing of claims will replace all prior versions, and listings, of claims in 

the application: 

1. (Currently Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; and 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion in 

another t30rti0n.portion, the channel area extending in a direction in which the data lines· 

extend, the respective scanning line extending in a direction intersecting a direction in which 

the channel area extends, and the broad width portion extending in a direction intersecting a 

direction in which the scanning line extends and extending in a single direction or bi-direction 

in which the channel area extends. 

2. (Previously Presented) The electro-optical device according to claim 1, the 

broad width portion having a portion lengthened from the narrow width portion. 

3. (Previously Presented) The electro-optical device according to claim 1, the 

broad width portion having a portion connected to the narrow width portion. 

4. (Previously Presented) The electro-optical device according to claim 1, the 

respective scanning line extending in a direction intersecting a direction in which the channel 

-2-
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area extends, and the broad width portion extending in a single direction or bi-direction in 

which the channel area extends. 

5. (Previously Presented) The electro-optical device according to claim 1, the 

pixel electrodes being arranged in a matrix shape, and 

the respective channel area being formed in an intersecting area in which a 

first long gap extending through a space between the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

space between the pixel electrodes sandwiching the data line and being adjacent to each other, 

are intersected. 

6. (Previously Presented) The electro-optical device according to claim 5, the 

narrow width portion being formed at a position deviated from a center of the first gap, and 

the broad width portion being formed at the center of the first gap in the 

intersecting area. 

7. (Previously Presented) The electro-optical device according to claim 6, the 

broad width portion being formed at a center of the second gap in the intersecting area. 

8. (Previously Presented) The electro-optical device according to claim 1, 

grooves being formed in the substrate along the scanning lines, and the scanning lines being 

buried at least partially in the grooves directly or through an interlayer insulating film. 

9. (Previously Presented) The electro-optical device according to claim 8, the 

narrow width portion having a buried portion buried in the groove and extending along the 

scanning line and a non-buried portion non-buried in the groove and extending along the 

scanning line in parallel to the buried portion, and 

a base of the pixel electrode being positioned high along the scanning line due 

to the non-buried portion. 

-3-
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10. (Previously Presented) The electro-optical device according to claim 1, further 

comprising a capacitive line having a capacitor electrode on a pixel potential side connected 

to the pixel electrode to construct a storage capacitor and a capacitor electrode on a fixed 

potential side opposing the capacitor electrode on the pixel potential side through a dielectric 

film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, and 

a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line. 

11. (Previously Presented) The electro-optical device according to claim 10, a 

portion overlapping the thin-film transistor in the data line being formed locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

12. (Previously Presented) The electro-optical device according to claim 11, the 

capacitive line being arranged in an overlapping portion between the thin-film transistor and 

the data line, and 

the data line being formed broad in a portion in which a contact hole for . 

connecting to the thin-film transistor is provided, in addition to the portion overlapping the 

thin-film transistor in the data line. 

13. (Previously Presented) The electro-optical device according to claim 11, for 

each thin-film transistor, the data line being formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

14. (Previously Presented) The electro-optical device according to claim 10, a 

portion overlapping the thin-film transistor in the data line being formed locally broad, and 

-4-
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a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

15. (Previously Presented) The electro-optical device according to claim 14, the 

capacitive line being arranged in the overlapping portion between the thin-film transistor and 

the data line, and 

the data line being formed broad in a portion in which a contact hole to 

connect to the thin-film transistor is provided, in addition to the portion overlapping the thin­

film transistor in the data line. 

16. (Previously Presented) The electro-optical device according to claim 14, for 

each of the thin-film transistors, the data line being formed continuously broad from the 

portion overlapping the thin-film transistor to a portion in which the contact hole is formed. 

17. (Previously Presented) The electro-optical device according to claim 1, further 

comprising another substrate opposing the substrate through an electro-optical material and a 

light-shielding film formed on the another substrate, 

widths of the data line and a portion extending along the data line in the 

capacitive line being narrower than that of the light-shielding film. 

18. (Currently Amended) An electronic apparatus, comprising: 

an electro-optical device including: 

a substrate; 

scanning lines above the substrate and extending in a predetermined 

direction; 

data lines above the substrate and extending in a direction intersecting 

the scanning lines; 

-5-
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thin-film transistors provided correspondingly to intersecting areas of 

the scanning lines and the data lines; and 

pixel electrodes provided correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion opposing a channel area of a respective thin-film transistor and a narrow width 

portion in another portioa.portion, the channel area extending in a direction in which the data 

lines extend, the respective scanning line extending in a direction intersecting a direction in 

which the channel area extends, and the broad width portion extending in a direction 

intersecting a direction in which the scanning line extends and extending in a single direction 

or bi-direction in which the channel area extends. 

-6-
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REMARKS 

Claims 1-18 are pending in this application. By this Amendment, claims 1 and 18 are 

amended. No new matter is added. In view of the foregoing amendments and following 

remarks, reconsideration and allowance are respectfully requested. 

Applicant appreciates the courtesies shown to Applicant's representative by Examiner 

Wang in the August 18, 2004 personal interview. Applicant's separate record of the 

substance of the interview is incorporated into the following remarks. 

I. The Specification Satisfies All Formal Requirements 

The Office Action objects to the Abstract asserting that the Abstract has more than 

one paragraph. This objection is respectfully traversed. 

Applicant filed a Preliminary Amendment on March 12, 2003 in the U.S. Patent and 

Trademark Office in which the Abstract of the Disclosure was reduced to one paragraph to 

comply with all formal requirements. Accordingly, it is the Applicant's believe that the 

Examiner erroneously objected to the Abstract. 

Prompt consideration of the March 12, 2003 Preliminary Amendment which contains 

the conforming Abstract and withdrawal of the objection to the Abstract are respectfully 

requested. 

II. The Reiection Under 35 U.S.C. §103{a) 

The Office Action rejects claims 1-18 under 35 U.S.C. §103(a) over U.S. Patent 

No. 5,668,379 to Ono et al. ("Ono") in view of U.S. Patent No. 5,831,694 to Onisawa et al. 

("Onisawa"). This rejection is respectfully traversed. 

Ono does not teach, disclose or suggest "the channel area extending in a direction in 

which the data lines extend, the respective scanning line extending in a direction intersecting 

a direction in which the channel area extends, and the broad width portion extending in a 

direction intersecting a direction in which the scanning line extends and extending in a single 

-7-
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direction or bi-direction in which the channel area extends," as recited in claims 1 and 18. As 

claimed, the broad width portion extends in the single direction or bi-directionally in which 

the channel area extends and extends in a direction intersecting a direction in which the . 

scanning line extends (specification at paragraph [0020]; and Figs. 2 and 5). The claimed 

features offer the advantages of at least adjusting the arrangement of the thin-film transistor 

and the scanning line. Further, since the gate electrode is adequately formed in accordance 

with the channel length, the electric field can be more effectively applied to the channel area. 

Ono does not disclose or suggest the claimed features, thus Ono does not possess the 

advantages of the arrangement of the thin-film transistor and the scanning line. 

The Office Action at page 3 admits that Ono "fails to specifically disclose the broad 

portion of the scanning line in a portion facing a channel area of a respective TFT." 

Onisawa does not cure the deficiencies of Ono. Onisawa shows in Fig. 3 the gate 

electrode line 2 which has a broader portion well removed from an intersection with a drain 

electrode line 6. Accordingly, Onisawa does not show or suggest the respective scanning line 

extending in a direction intersecting a direction in which the channel area extends, the broad 

width portion extending in a direction intersecting a direction in which the scanning line 

extends, as recited in claims 1 and 18. 

Claims 1 and 18 would not have been rendered obvious by Ono in view of Onisawa. 

Claims 2-1 7 depend from claim 1, and thus, claims 2-17 also would not have been rendered 

obvious by Ono in view of Onisawa. Accordingly, reconsideration and withdrawal of the 

rejection are respectfully requested. 

III. Conclusion 

In view of the foregoing, it is respectfully submitted that this application is in 

condition for allowance. Favorable reconsideration and prompt allowance of claims 1-18 are 

earnestly solicited. 

-8-
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Should the Examiner believe that anything further would be desirable in order to place 

this application in even better condition for allowance, the Examiner is invited to contact the 

undersigned at the telephone number set forth below. 

JAO:RJK/ksz 

Date: September 13, 2004 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-9-

Respectfully submitted, 

~ 
James A. Oliff 
Registration No. 27,075 

Richard J. Kim 
Registration No. 48,360 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Interview Summary 

Application No. 

10/320,371 

Examiner 

George Y. Wang 

All participants (applicant, applicant's representative, PTO personnel): 

(1) George Y. Wang. 

(2) Richard Kim. 

Date of Interview: 18 August 2004. 

Type: a)D Telephonic b}D Video Conference 

(3) __ . 

(4) __ . 

c)l:8] Personal [copy given to: 1 )□ applicant 2)1:8] applicant's representative] 

Exhibit shown or demonstration conducted: d}D Yes 
If Yes, brief description: __ . 

Claim(s) discussed: 1 and 18. 

e)l:8] No. 

Identification of prior art discussed: Onisawa et al. (US 5.831.694). 

Applicant{s) 

MURADE, MASAO 

Art Unit 

2871 

Agreement with respect to the claims f)D was reached. g)l:8] was not reached. h}D NIA. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Discuss consideration of Preliminary Amendment filed March 12. 2003 and 
proposed amendments to include the limitation to clarify the structural broadening of the scanning lines in a single 
direction or bidirection. Upon further search and consideration will patentabilitv be determined. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04 ). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN ONE MONTH FROM THIS INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY 
FORM, WHICHEVER IS LATER, TO FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See 
Summary of Record of Interview requirements on reverse side or on attached sheet. 

Examiner Note: You must sign this form unless it is an 
Attachment to a signed Office action. 

U.S. Patent and Trademark Office 
PTOL-413 (Rev. 04-03) 

----

Interview Summary Paper No. 081804 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
- Application Number (Series Code and Serial Number) 

Name of applicant 
Name of examiner 
Date of interview 
Type of interview (telephonic, video-conference, or personal) 
Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
An indication whether or not an exhibit was shown or a demonstration conducted 
An identification of the specific prior art discussed 
An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 
The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 
accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 

2 

Page 129 of 395



08/16/04 -~ON~-~-: 53 Fiµ: 7038362?87 
·---.. - OLIFF & BERRIDGE, PLC 

Applicant Initiated Interview Request Form 

Application No.: lo I -szo. 3 ,1 First Named Applicant: J..tv_ "?,Mc. 
Examiner: (J,e-,.I q ' Art Unit: M7 t Status of Appbcat1on: A}(;,./..- ,,.,Mlt:L 

Tentative Participants: 
(1) kk ~,_,ltr,C(;i 

(3) RI (;,,/,(bD KIM 

(1) 

(4) 

Proposed Date oflnterview: A:V6 J f ,· M-P:Y, Proposed Time: 

Type of Interview Requested: 
(1) 0 Telephonic (2) D Personal (3) D Video Conference 

Exhibit To Be Shown or Demonstrated: D YES 
If yes, provide brief description: ---~------------------

Issues To Be Discussed 

Issues Claians/ Prior Discussed Agreed Not Agreed 
(Rej,, Obj., etc) Fig. #s Art 

(1) ob; A~l,..J- □ □ □ 
) 

~Iii' e:JJ 
(2) g.,,' ,-, r ti. :,.._,,..t,l, □ □ □ 

(3) □ □ □ 

(4) □ □ □ 

D Continuation Sheet Attached 

Bric;fDescrlntion of Arguments tq be Presented: U"'I"".~ ,t....J-/ ./-o ~- I I Ir! 
the channel area extending: in a direction in which the data lines extena, ___ - -----. 

the respective scanning line extending jn a direction intersecting a direction in which -

the channel area extende 
the broad width portion exrending 1n a direction intersacting a djrection in which the 

scanning line f!xtends " 
An :um.:rv1ew was conauc1eu un the above-identified application on 

NOTE: 

This form should be completed by appHcant and submitted to the examiner in advance of the interview (see MP'EP § 
713.01). 

This application will not be delayed from issue because of applicant's failure to submit a written record of this interview. 
Tberef~r~~plicant is advised to file a statement of substance of this interview (37 f'R l.133(b) as soon as possible. 

t-£;f; , ftZ ~ ~ 
(Applicant/Applicant's Representative Signature) (E 
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Office Action Summary 

Application No. 

10/320,371 

Examiner 

George Y. Wang 

Applicant(s} 

MURADE,MASAO 

Art Unit 

2871 

-- The MAILING DA TE of this communication appears on the cover sheet with th correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J. MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1 )1:8] Responsive to communication(s) filed on 12 March 2003. 

2a)O This action is FINAL. 2b)i:8] This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1:8] Claim(s) 1-18 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1:8] Claim(s) 1-18 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)1:8] The specification is objected to by the Examiner. 

10)1:8] The drawing(s) filed on 12 March 2003 is/are: a)i:8] accepted or b)O objected to by the Examiner. 

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

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

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)i:8] All b)O Some* c)O None of: 

1.1:8] Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 1:8] Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) 1:8] lnfonmation Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of lnfonmal Patent Application (PTO-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 070104 
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Application/Control Number: 10/320,371 

Art Unit: 2871 

DETAILED ACTION 

Specification 

1. The abstract of the disclosure is objected to because it is more than one 

Page 2 

paragraph. The abstract should be in narrative form and generally limited to a single 

paragraph on a separate sheet within the range of 50 to 150 words. Correction is 

required. See MPEP § 608.01 (b). 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

3. Claims 1-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Ono et al. (U.S. Patent No. 5,668,379, hereinafter "Ono") in view of Onisawa et al. (U.S. 

Patent No. 5,831,694, hereinafter "Onisawa"). 

4. As to claims 1 and 18, Ono discloses an electronic apparatus (fig. 2) having an 

electro-optical device (fig. 2, ref. TFT SUB) comprising a substrate (fig. 1, ref. SUB1 ), 

scanning lines (fig. 2, ref. GL) above the substrate and extending in a predetermined 

direction, data lines (fig. 1, ref. DL) above the substrate and extending in a direction 
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intersecting the scanning lines, thin-film transistors (TFTs) (fig. 2, ref. TFT) formed at 

the intersecting areas of the scanning and data lines, pixel electrodes (col. 8, lines 6-8) 

formed corresponding to the TFTs, and where the scanning lines have a broad width 

portion (fig. 2, ref. GL) as a gate electrode in a portion of a respective TFT and a narrow 

width portion in another portion. 

However, the reference fails to specifically disclose the broad portion of the 

scanning line in a portion facing a channel area of a respective TFT. 

Onisawa discloses the broad portion of the scanning line as a gate electrode (fig. 

3, ref. 2) in a portion facing a channel area of a respective TFT. 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the broad portion of the scanning line as a gate electrode in 

a portion facing a channel area of a respective TFT since one would be motivated to 

provide a low-cost panel capable of yielding high throughput and yield, ultimately to 

provide a high quality display by reducing resistance (col. 2, lines 33-39). 

5. Regarding claims 2-3, Ono discloses the electro-optical device as recited above 

where the broad width portion having a portion lengthened from the narrow width 

portion and is connected to the narrow width portion (fig. 3, ref. 2). 

6. As per claims 4-9, Ono discloses the electro-optical device as recited above, with 

the pixel electrode arranged in a matrix shape, however, the reference fails to 

specifically disclose the scanning line extending in a direction intersecting a direction in 
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which the channel area extends, and the broad width portion extending in a single 

direction or bi-direction in which the channel area extends, and scanning lines buried pt 

least partially in the grooves directly or through an insulating film. 

Onisawa discloses an electro-optical device with the scanning line extending in a 

direction intersecting a direction in which the channel area extends, and the broad width 

portion extending in a single direction or bi-direction in which the channel area extends 

(fig. 3, ref. 2) and scanning lines covered by insulating film (fig. 4, ref. 3). 

It would have been obvious to one of ordinary skill in the art at the time the 

invention was made to have the scanning line extending in a direction intersecting a 

direction in which the channel area extends, and the broad width portion extending in a 

single direction or bi-direction in which the channel area extends, and scanning lines 

buried pt least partially in the grooves directly or through an insulating film since one 

would be motivated to provide a low-cost panel capable of yielding high throughput and 

yield, ultimately to provide a high quality display by reducing resistance (col. 2, lines 33-

39). 

7. Regarding claims 10-17, Ono discloses the electro-optical device as recited 

above having a capacitative line (fig. 2, ref. STORAGE CAPACITOR) to constitute a 

storage capacitor extending along the scanning line and a portion of the data line and is 

broader (fig. 2) than the data line, and a light shield (fig. 1, ref. BM) on another substrate 

(fig. 1, ref. SUB2). 
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8. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to George Y. Wang whose telephone number is 571-272-

2304. The examiner can normally be reached on M-F, 8 am - 4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Robert H. Kim can be reached on 571-272-2293. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

gw 
July 1, 2004 TARIFUR R. CHOWDHURY 

PRIMARY EXAM1w-:q 
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filed in the Office in order to obtain a filing date for the application. 
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Application No. 10/320,371 

Submitted herewith are Il sheets of formal drawings (Figs. 1-22) in compliance with 

37 C.F.R. 1.84. 

Entry of these documents should complete all of the filing formalities and fully satisfy all 

requirements of the Notice to File Missing Parts. Examination and allowance of this application in due 

course are respectfully solicited. 

The Director is hereby authorized to charge any additional fee ( or credit any overpayment) 

associated with this communication to Deposit Account No. 15-0461. Two duplicate copies of this paper 

are attached. 

JAO:EDM/gam 

Date: March 12, 2003 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-2-

Respectfully submitted, 

Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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Application No. 10/320,371 

Submitted herewith are 2.1 sheets of formal drawings (Figs. 1-22) in compliance with 

37 C.F.R. 1.84. 

Entry of these documents should complete all of the filing formalities and fully satisfy all 

requirements of the Notice to File Missing Parts. Examination and allowance of this application in due 
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JAO:EDM/gam 

Date: March 12, 2003 

OLIFF & BERRIDGE, PLC 
P .0. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

-2-

Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 

Page 147 of 395



UNITED STATES 
PATE.NT AND 
IRA.DE.MARK OFFICE 

APPLICATION NUJ\.IBER Fil.ING/RECEIPT DATE 

I0/320.371 12/17/2002 

FIRST NA/\IED APPLICANT 

Masao Muradc 

C~l•sk>ner for Patent& 
Washington. oc 20231 

www.u.apto_gov 

ATTORNEY DOCKET NUMBER 

114542 

25944 
CONFIRMATION NO. 1588 

FORMALITIES LETTER 
OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

I IHll 11 IIII IIII Iii 1111111111118111111111111111111 HI 1111 HI 11111111111 
·ocoooooooo94as934• 

Date Mailed: 02/06/2003 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required T9AYQid Abandonment: 

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

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the 
above Application Number and Filing Date, is required. 

• To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of 
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IN THE UNITED ST A TES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 

Attn: OIPE 

Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

REQUEST FOR CORRECTION OF PALM RECORDS 

Director of the U.S. Patent and Trademark Office 
Washington, D.C. 20231 

Sir: 

Attached is a photocopy of the original filing receipt on which errors have been 

corrected in red. These errors are being brought to the attention of the Patent and Trademark 

Office so that it may correct its records. 

JAO:EDM/gam 

Date: March 12, 2003 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 

Respectfully submitted, 

' James A. Oliff 
Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 

Page 150 of 395



., ... -

,, ____ .. 
UNITED STATES 
PATENT AND 
TRA.DEl'v\A.RK OFF ICE 

.. Page 1 of 2 

Co.-n,.,.,l•aloner for Patenta 
VVashtngton~ OC 2023"1 

www.uspto_gov 

APPLICATION NUMBER FILING DATE GRP ART UNIT FIL FEE REC'D ATTY.DOCKET.NO DRAWINGS 

10/320,371 12/17/2002 

25944 
OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 

740 

FEB 1 0 2003 I 
l 

\ 

114542 21 

CONFIRMATION NO. 1588 
FILING RECEIPT 

4"tli illl iii, 11;; mi IHIW lllil m1 IM~iiDlrHI ~i]ilill ~~,~ 
·ocoooooooo94ss933• 

Date Mailed: 02/06/2003 

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be 
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. 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 write to the Office of Initial Patent Examination's Filing 
Receipt Corrections, facsimile number 703-746-9195. 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 (if 
appropriate). 

Applicant{s) 
Masao Murade, Suwa-shi, JAPAN; 

Assignment For Published Patent Application 

Seiko Epson Corporation, Tokyo, JAP.AN; 

Domestic Priority data as claimed by applicant 

Foreign Applications 

JAPAN 2002-000713 01/07/2002 
JAPAN 2002-363864 12/16/2002 

If Required, Foreign Filing License Granted: 02/06/2003 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 

Title £: /(!c..,rro- de-.;,<.< ~p. W> 
[lccbioAoptical er,pa,atus and electronic • 

l i-- . . . ,, 

Page 151 of 395



• • 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

VERIFICATION OF TRANSLATION 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 
Yoshikatsu TSUJINO, residing at 3-461-6, Nishihatsuishi Nagareyama-shi, 

Chiba-ken, 270-0121 Japan, declares: 

(1) that he knows well both the Japanese and English languages; 

(2) that he translated the Japanese document entitled "EI ,ECTRO-OPTICAI, 
DEVICE AND ELECTRONIC APPARATUS" from Japanese to English; 

(3) that the attached English translation is a true and correct translation of the 
above-identified Japanese document to the best of his knowledge and belief; and 

(4) that all statements made of his own knowledge are true and that all statements 
made on information and belief are believed to be true, and further that these statements 
are made with the knowledge that willful false statements and the like are punishable by 
fine or imprisonment, or both, under 18 USC 1001, and that such false statements may 
jeopardize the validity of the application or any patent issuing thereon. 

Dated: December 27, 2002 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Attn: Box Missing Parts 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

RESPONSE TO NOTICE TO FILE MISSING PARTS 
WITH DECLARATION AND TRANSLATION 

Director of the U.S. Patent and Trademark Office 
Washington, D.C. 20231 

Sir: 
In response to the Notice to File Missing Parts of Application - Filing Date Granted (copy 

attached) mailed on February 6, 2003, submitted herewith are the executed Declaration of the inventor(s) 

and, upon information and belief, an accurate translation of the application. Any specification attached to 

and referenced in the Declaration is a copy of the specification and any amendments thereto which were 

filed in the Office in order to obtain a filing date for the application. 

[2J A preliminary amendment is also attached. 

(Column l) (Column 2) 

HIGHEST NO. 

SMALL ENTITY 
(Column 3) 

OTHER THAN A 
SMALL ENTITY 

PREVIOUSLY PRESENT ADD'L 
FEE 

OR ADD'L 
PAID FOR EXTRA RATE RATE FEE 

I TOTAL CLAIMS II *18 MINUS **20 =0 X 18 $ 0 

I [NDEP CLAIMS II * 2 MINUS ***3 =O X 84 $ 0 

0 FIRST PRESENTATION OF MULTIPLE DEP. CLAIM OR +280 $ 0 

:i 0 

* If the entry in Column 1 is less than the entry in Column 2, write "0" in Column 3. 

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, write "20" in this space. 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, write "3" in this space. 

The "Highest Number Previously Paid For" in this space (Total or Independent) is the highest number 
found from the equivalent box in Column 1 of a prior Amendment or the number of claims originally 
filed. 

Attached is our Check No. 140038 for [2'.]$260.00 D$195.00 (entitlement to small entity 

status is asserted) for the fee under 3 7 C.F .R. § 1.16( e) and § 1.17 (k) and any excess claim fees noted above. 
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Submitted herewith are 21. sheets of formal drawings (Figs. 1-22) in compliance with 

37 C.F.R. 1.84. 

Entry of these documents should complete all of the filing formalities and fully satisfy all 

requirements of the Notice to File Missing Parts. Examination and allowance of this application in due 

course are respectfully solicited. 

The Director is hereby authorized to charge any additional fee (or credit any overpayment) 

associated with this communication to Deposit Account No. 15-0461. Two duplicate copies of this paper 

are attached. 

JAO:EDM/gam 

Date: March 12, 2003 

OLIFF & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 
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Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 Docket No.: 114542 

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 

IN THE ABSTRACT: 

Please replace the Abstract with the Substitute Abstract attached hereto. 

IN THE SPECIFICATION: 

Please replace the specification with the Substitute Specification attached hereto. 

IN THE CLAIMS: 

Please replace claims 1-18 as follows: 

1. (Amended) An electro-optical device, comprising: 

a substrate; 

scanning lines; 

scanning lines above the substrate and extending in a predetermined direction; 

data lines above the substrate and extending in a direction intersecting the 

thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines; and 

pixel electrodes formed correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion facing a channel area of a respective thin-film transistor and a narrow width portion 

in another portion. 

2. (Amended) The electro-optical device according to claim 1, the broad width 

portion having a portion lengthened from the narrow width portion. 
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(Amended) The electro-optical device according to claim 1, the broad width 

portion having a portion connected to the narrow width portion. 

4. (Amended) The electro-optical device according to claim 1, the respective 

scanning line extending in a direction intersecting a direction in which the channel area 

extends, and the broad width portion extending in a single direction or bi-direction in which 

the channel area extends. 

5. (Amended) The electro-optical device according to claim 1, the pixel 

electrodes being arranged in a matrix shape, and 

the respective channel area being formed in an intersecting area in which a 

first long gap extending through a space between_ the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

space between the pixel electrodes sandwiching the data line and being adjacent to each 

other, are intersected. 

6. (Amended) The electro-optical device according to claim 5, the narrow width 

portion being formed at a position deviated from a center of the first gap, and 

the broad width portion being formed at the center of the first gap in the 

intersecting area. 

7. (Amended) The electro-optical device according to claim 6, the broad width 

portion being formed at a center of the second gap in the intersecting area. 

8. (Amended) The electro-optical device according to claim 1, grooves being 

formed in the substrate along the scanning lines, and the scanning lines being buried at least 

partially in the grooves directly or through an interlayer insulating film. 

9. (Amended) The electro-optical device according to claim 8, the narrow width 

portion having a buried portion buried in the groove and extending along the scanning line 

and a non-buried portion non-buried in the groove and extending along the scanning line in 

parallel to the buried portion, and 

a base of the pixel electrode being positioned high along the scanning line due 

to the non-buried portion. 

10. (Amended) The electro-optical device according to claim 1, further 

comprising a capacitive line having a capacitor electrode on a pixel potential side connected 

to the pixel electrode to construct a storage capacitor and a capacitor electrode on a fixed 

potential side opposing the capacitor electrode on the pixel potential side through a dielectric 

film to constitute the storage capacitor, 

the capacitive line having a main line portion extending along the scanning 

line and a portion extending along the data line, and 

-2-
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a width of the portion extending along the data line in the capacitive line being 

equal to or broader than that of the data line. 

11. (Amended) The electro-optical device according to claim 10, a portion 

overlapping the thin-film transistor in the data line being formed locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

12. (Amended) The electro-optical device according to claim 11, the capacitive 

line being arranged in an overlapping portion between the thin-film transistor and the data 

line, and 

the data line being formed broad in a portion in which a contact hole for 

connecting to the thin-film transistor is provided, in addition to the portion overlapping the 

thin-film transistor in the data line. 

13. (Amended) The electro-optical device according to claim 11, for each thin-

film transistor, the data line being formed continuously broad from the portion overlapping 

the thin-film transistor to a portion in which the contact hole is formed. 

14. (Amended) The electro-optical device according to claim 10, a portion 

overlapping the thin-film transistor in the data line being formed locally broad, and 

a width of the portion extending along the data line in the capacitive line being 

broader than a width of a portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

15. (Amended) The electro-optical device according to claim 14, the capacitive 

line being arranged in the overlapping portion between the thin-film transistor and the data 

line, and 

the data line being formed broad in a portion in which a contact hole to 

connect to the thin-film transistor is provided, in addition to the portion overlapping the thin­

film transistor in the data line. 

16. (Amended) The electro-optical device according to claim 14, for each of the 

thin-film transistors, the data line being formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

17. (Amended) The electro-optical device according to claim 1, further 

comprising another substrate opposing the substrate through an electro-optical material and a 

light-shielding film formed on the another substrate, 

widths of the data line and a portion extending along the data line in the 

capacitive line being narrower than that of the light-shielding film. 

-3-
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(Amended) An electronic apparatus, comprising: 

an electro-optical device including: 

a substrate; 

scanning lines above the substrate and extending in a predetermined 

direction; 

data lines above the substrate and extending in a direction intersecting 

the scanning lines; 

thin-film transistors provided correspondingly to intersecting areas of 

the scanning lines and the data lines; and 

pixel electrodes provided correspondingly to the thin-film transistors; 

a respective scanning line having a broad width portion as a gate electrode in a 

portion opposing a channel area of a respective thin-film transistor and a narrow width 

portion in another portion. 

REMARKS 

Claims 1-18 are pending. By this Preliminary Amendment, the Abstract and 

specification are replaced with a Substitute Abstract and Substitute Specification, and 

claims 1-18 are amended. 

The attached Appendix includes marked-up copies of the specification 

(37 C.F.R. §1.125(b)(2)) and each rewritten claim (37 C.F.R. §1.12l(c)(l)(ii)). 

Prompt and favorable examination on the merits is respectfully requested. 

JAO:EDM/gam 

Attachments: 
Substitute Abstract 
Appendix 
Substitute Specification 
Marked-up Copy of Specification 

Date: March 12, 2003 

OLIFF & BERRIDGE, PLC 

P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 
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Respectfully submitted, 

James A. Oliff 
Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 

DEPOSIT ACCOUNT USE 
AUTHORIZATION 

Please grant any extension 
necessary for entry; 

Charge any fee due to our 
Deposit Account No. 15-0461 
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ABSTRACT OF THE DISCLOSURE 

An electro-optical device of the present invention includes pixel electrodes, TFTs 

electrically connected to the pixel electrodes, and scanning lines and data lines connected to 

the TFTs on a TFT array substrate. Each scanning line has a broad width portion as a gate 

electrode in a portion facing a channel area of the TFT and the narrow width portion. As a 

result, an electro-optical device capable of easily adjusting an ·arrangement of the gate 

electrodes and the scanning lines and at the same time precisely driving the TFTs is provided. 

-5-
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APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract. 

ABSTRACT OF THE DISCLOSURE 

An electro-optical device of the present invention comprising includes pixel 

electrodes, TFTs electrically connected to the pixel electrodes, and scanning lines and data 

lines connected to the TFTs on a TFT array substrate is disclosed. Each scanning line has a 

broad width portion as a gate electrode in a portion facing a channel area of the TFT and the 

narrow width portion. 

---As a result, an electro-optical device capable of easily adjusting an arrangement of the 

gate electrodes and the scanning lines and at the same time precisely driving the TFTs is 

provided. 

Changes to Specification: 

A Substitute Specification, and a marked up version thereof showing all changes to 

the specification of record, are attached in accordance with 37 C.F.R. l.125(b)(2). 

Changes to Claims: 

The following are marked-up versions of the amended claims: 

1. (Amended) An electro-optical device,. comprising, above a substrate,~ 

a substrate· 

______ scanning lines above the substrate and extending in a predetermined direction, 

______ data lines above the substrate and extending in a direction intersecting the 

scanning lines,.;_ 

______ thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines,.;_and 

------.rixel electrodes formed correspondingly to the thin-film transistors,.;. 

·.vherein the.;! respective scanning line has-having a broad width portion as a 

gate electrode in a portion facing a channel area of the-~respective thin-film transistor and a 

narrow width portion in the-another portion. 

2. (Amended) The electro-optical device according to claim 1, ·.vherein the 

broad width portion has-having a portion lengthened from the narrow width portion. 

A-1 
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3. (Amended) The electro-optical device according to claim 1, i.vh.-erein the 

broad width portion has-having a portion connected to the narrow width portion. 

4. (Amended) The electro-optical device according to claim 1, v,rherein the 

respective scanning line eJctends extending in a direction intersecting a direction in which the 

channel area extends, and the broad width portion extendingextends in a single direction or 

bi-direction in which the channel area extends. 

5. (Amended) The electro-optical device according to claim 1, wherein the pixel 

electrode§ is-being arranged in a matrix shape, and 

wherein the respective channel area is-being formed in an intersecting area in 

which a first long gap extending through a space between the pixel electrodes sandwiching 

the scanning line and being adjacent to each other and a second long gap extending through a 

space between the pixel electrodes sandwiching the data line and being adjacent to each 

other, are intersected. 

6. (Amended) The electro-optical device according to claim 5, wherein the 

narrow width portion is-being formed at a position deviated from a center of the first gap, and 

the broad width portion is-being formed at the center of the first gap in the 

intersecting area. 

7. (Amended) The electro-optical device according to claim 6, whemin the 

broad width portion is-being formed at a center of the second gap in the intersecting area. 

8. (Amended) The electro-optical device according to claim 1, whereia grooves 

are-being formed in the substrate along the scanning lines.,_ and the scanning lines are-being 

buried at least partially in the grooves directly or through an interlayer insulating film. 

9. (Amended) The electro-optical device according to claim 8, wherein the 

narrow width portion has-having a buried portion buried in the groove and extending along 

the scanning line and a non-buried portion non-buried in the groove and extending along the 

scanning line in parallel to the buried portion, and 

a base of the pixel electrode is-being positioned high along the scanning line 

due to the non-buried portion. 

10. (Amended) The electro-optical device according to claim 1, further 

comprising a capacitive line having a capacitor electrode on a pixel potential side connected 

to the pixel electrode for eonstructingto construct a storage capacitor and a capacitor 

electrode on a fixed potential side opposing the capacitor electrode on the pixel potential side 

through a dielectric film for constitutingto constitute the storage capacitor, 

A-2 
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wherein the capacitive line has-having a main line portion extending along the 

scanning line and a portion extending along the data line, and 

a width of the portion extending along the data line in the capacitive line is-­

being equal to or broader than that of the data line. 

11. (Amended) The electro-optical device according to claim 10, '.vherein a 

portion overlapping the thin-film transistor in the data line is-being formed locally broad, and 

vrherein a width of the portion extending along the data line in the capacitive 

line is-being broader than that-a width of a portion not formed broad in the data line and equal 

to that of the portion formed broad in the data line. 

12. (Amended) The electro-optical device according to claim 11, ,.vherein the 

capacitive line is-being arranged in an overlapping portion between the thin-film transistor 

and the data line, and 

the data line is-being formed broad in a portion in which a contact hole for 

connecting to the thin-film transistor is provided, in addition to the portion overlapping the 

thin-film transistor in the data line. 

13. (Amended) The electro-optical device according to claim 11, ,vherein, for 

each thin-film transistor, the data line is-being formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

14. (Amended) The electro-optical device according to claim 10, wherein a 

portion overlapping the thin-film transistor in the data line is-being formed locally broad, and 

a width of the portion extending along the data line in the capacitive line is-­

being broader than that-a width of a portion not formed broad in the data line and narrower 

than that of the portion formed broad in the data line. 

15. (Amended) The electro-optical device according to claim 14, wherein the 

capacitive line is-being arranged in the overlapping portion between the thin-film transistor 

and the data line, and 

the data line is-being formed broad in a portion in which a contact hole ~ 

connectingto connect to the thin-film transistor is provided, in addition to the portion 

overlapping the thin-film transistor in the data line. 

16. (Amended) The electro-optical device according to claim 14, wherein for 

each of the thin-film transistors, the data line is-being formed continuously broad from the 

portion overlapping the thin-film transistor to a portion in which the contact hole is fonned. 
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1 7. (Amended) The electro-optical device according to claim 1, further 

comprising another substrate opposing the substrate through an electro-optical material and a 

light-shielding film formed on the another substrate, 

viher=eiH widths of the data line and a portion extending along the data line in 

the capacitive line is-being narrower than that of the light-shielding film. 

18. (Amended) An electronic apparatus.,_ comprising;_ 

______ an electro-optical device haviHg, aboveincluding: 

__________ a substrate,,;_ 

__________ scanning lines above the substrate and extending in a predetermined 

direction,,;_ 

__________ data lines above the substrate and extending in a direction e-f­

intersecting the scanning lines,,;_ 

__________ thin-film transistors provided correspondingly to intersecting areas of 

the scanning lines and the data lines,,;_and 

___________ ixel electrodes provided correspondingly to the thin-film transistors-,_;_ 

wherein the~ respective scanning line has-having a broad width portion as a 

gate electrode in a portion opposing a channel area ofthe-~respective thin-film transistor and 

a narrow width portion in the-another portion. 
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interlayer insulatil}g-'fi1m 42, ca be formed to buried the wirin~h as the data line 6a 

or the TFT 3 Wrrorm~ t eveling process. ~\or! 

• Acco • e electro-optical device of the pre ntfembodimen 

like the above, since the scanning line 330a has the broad width portion 331a and the 

5 narrow width portion 332a and the broad width portion 331a is formed to face the channel 

area la' of the TFT 30, the arrangement between the TFT 30 and the scanning line 330a 

can be easily adjusted or determined. 

For example, the arrangement between the TFfs 30 and the scanning lines 330a in 

FIG. 2 described above shows an example of a suitable a angement responsive to the 
// ><° //,,:~t<:o< >-'\,.i\--~ -Y /Jrc~~ 

10 require1?ent 'kfr effectively preventi~ light from ent • g the c'hannel areas la' of the 

TFfs 3J.'--~-!~Slit-i~xlp , arrangements shown in FIGs. 5 and 6 can be 

15 

implemented. FIG. 5 is a diagram with the same purpose as FIG. 2, in which an 

arrangement of the scanning lines and the TFfs is diff erentfrom that in FlG. 2, and FIG. 6 

illustrates only a shape pattern of the scanning Jines shown in FIG. 5, simi1ar to FIG. 4. 

In FlGs. 5 and 6, the scannfog lines 330a', more specifically, the narrow width 

portions 332a' are formed at positions deviated from the center of a first long gap 

extending through a space between the adjacent pixel electrodes 9a sandwiching the 

scanning lines 330a' therebetween. Further, the broad width portions 331a' are formed to 

be protruded only upwardly in the Y direction in FIG. 5 and 6. Furthermore, the 

2 0 arranged positions of the channel areas 1 a', that is, the arranged positions of the broad 

width portion 331a' are similar to those in FIG. 2. 

This arrangement prmt(i~uali play image. The reason thereof 

is as fo1lows. That is, 

described above, the oriented film 16 is provided on the pixel e1ectrodes 9a, and on the 

25 surface of the oriented film 16, unevenness due to the "height" of various elements formed 
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below the ori~~~-~ film 16 ~an exist.?Ji~~~J~cri ' d "various elements" include 

the scan,nirtgHnes 330 'of the prefe"nt~~bodim . FIG. 7 is a sectional view taken 
/ ,~ . 

aJodg~j '· FIG. 5, in wh1c a convex portion 501 caused by the "height" of the 

narrow width portion 332a' of the scanning line 330a' is formed on the oriented film 16. 

When the convex portion 501 is generated, there is a possibility of further 

generating nonuniformity in the above-described rubbing process performed on the 

oriented film 16. This nonuniformity may cause the bad orientation of the Jiquid crystal ~ ,~¥ 
' /~ ~ 

and thus the operation failure of the electro-optical device. Therefore, cd!n cntionaHy, by 

providing the light-shielding film ~~ity of the above-described convex portion 

501, shielding of the incident Ji~ possible. That is, the incident light 

reaching the light-shielding film is reflected or absorbed by the light-shielding film and 

thus does not contribute to the image display. 

At this time, it is important that the above- cribed light-shielding fiJ should be 
~ e..,.. ~c..fZ/ 

provided while satisfying the requirements tei~ffi-f~~l'tt! the pixel o ·ng ratio. That is, 

15 when the light-shielding film is provjded only to correspond to the convex portion 501, it 

may unnecessarily worsen the pixel opening ratio to deteriorate the brightness of image. 

When the light-shielding film is provided only in a part of the convex portion 501, 

sufficient Hght-shfolding cannot be accomplished and may cause the deterioration of the 

contrast ratio. ln addition, the influence of the nonuniformity in the convex portion 501 

20 may lead to the operation failure of the electro-optical device. 
~\vy 

ln the nt(embodiment as been paid attention to the fact that the 

nonuniformity rated in the convex portfon 501, more specificaJly, that the portion 

:Je,t~re1~~~~~~ l • . (pereinafter~ "rubbing-up portion 
./ ~ ~-,.7 . 

501a"? associated with rubbing up the convex portion 501 (that is, the direction ascending 

25 the convex portion 501) and the portion (reft:rrnGe nurner2] 5011. in RG. 7-.,, /ereinafterx 
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_/:v'--
refcncd tons s "rubbing-down portion 50lb11fassociated with rubbing down the convex 

portion 501 (that is, the direction descending the convex portion 501), have nonuniformity 

different from each other. 

More specifically, for example, it has been paid attention to the fact that it is more 

5 difficult to generate the nonuniformity in the rubbing-up portion 501a than in the rubbing­

down portion 501b, that is, the rubbing-down portion 501b has the higher possibility of 

e scanning lines 330a' in FIG. 5 are formed at the position 

10 deviated from the center (see the two-dotted chain line in FIG. 7) between the pixel 

electrodes 9a. That is, by forming the narrow width portion 332a' at the position shown 

in FIG. 7, a vertex 501P of the convex portion 501 caused by the narrow width portion 

332a1 is also formed at the position deviated from the center between the adjacent pixel 

electrodes 9a. This means that it is possible to construct only almost half of the sloping 

15 surface of the convex portion 501 on the area corresponding to the first gap, that is, the 

rubbing-down portion 501b on the area. Further, in this case, as shown in FIG. 7, by 

providing the light-shielding capacitive line 300 and the junction layer 71 corresponding 

to the space between the adjacent pixel electrodes 9a, it is possible to effectively shield 

20 

only the rubbing-down portion 501b, that is, to effectively shield the corresponding 

portion of the convex portion 501 expec o be most :wlJuenced by the nonuniformity. 
~ \oF~ 

As a result, according to e presen✓e"mbodiment, sin e operation failure of 

the electro-optical device caused by t e nonuniformity can be substantially prevented, and 

since the rubbing-up portion 501a of the convex portion 501 is not expected to be 

influenced by the nonunifo ity r~~<! mit the ]ight contributing to the image 

25 display, it is possibl to imprnvhhe ix ·ng ratio, that fa, to maintain the bright 
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image. Consequently1_according to the present embodiment, from the above-described 

point of view.a~~i:;~~v@JBe;R.lin~~·spJay image can be obtained. 

~~-fur ~•-g.,,-Tl-:e:--n---arrow widt • offion332a' at the position deviated from 
~ tZ..,,.._,~ 

the center of the first gap, it is possib to impf(¥:C __Jhe-de r freedoqi~ in the design of 
~----- 0r $Na~~--a.,'J\"1 fr~~ 

the electro-optical device and to effective t:reven~ 1ight from entering the T . 

The reason thereof is as fo1lows. -- • _,R\OJ"'I 
.~ 

That is, although the narrow width portion 332a' in the presentkmbodiment-

extends through the first gap between the adjacent pixel electrodes 9a, it does not exist at 

the center thereof. For this reason, for example, by using an area not provided with the 

10 narrow width portion 332a' in the first gap, other wirings such as the capacitive Jine 300 

made of the same film as the narrow width portion 332a' can be formed parallel to the 

narrow width portion 332a' from a plan view. That is, the degree of freedom in design 

can be increased. 

Further, in the above-described case, although the narrow width portion 332a' is 

15 deviated from the center line, by adjusting the width of the broad width portion 331ai, for 

example, by broadening only one side thereof or by broadening one side thereof more than 

25 

the other side, it is possible to arrange the qroadwidt rtion 331a' as the gate electrode 
,,_,/<.~ .• ,Rlu1 

at the center of the gap. In the pre -en~bodiment hown in FIGs. 5 and 6, it can be 

understood that the broad width portion 331a' is broadened toward only on 

Iight..:shielding ability irregardless of the position of the scanning line 330a', or since the 

scanning line 330a1 can be arranged at an arbitrary position in the gap while arranging the 

gate electrode at a position advantageous for improving the Jight-shie]ding ability, it is 

possible to increase the degree of freedom in an arrangement of wirin~ as an 

arrangement of the scanning line 330a' and to obtain the TFf 30 orig~having a 
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substantfally high light-shielding ability . 
.. ------

In short, in the embodiment shown in FJGs. 5 andz, ,bile satisfying the , 
' ~ ~~c.- • c:z..,.._~•~/ 

requirements Jo, ifflp,e ,~ua!lty of the <lisp! ay im _ e, iA>rrnvia1; the ye-6F 

freedom ~nd-decrcasing the light leak current in\e-T-Ff-3~possible to 

5 adequately adjust/determine the arrangement between the channel area la' (or the TFf 30) 

10 

15 

20 

25 

and the gate electrode (or the scanning line 330). 

As described above, according to the electro-optical device of the 

embodiment, since the scanning Jine, as the gate electrode, has the broad width portion 

and the narrow width portion, whiJe satisfying the above various requirements or a general 

requirem~ch as high precision of the electro-optical device itself, it is possible to 

adequately adjust/determine the arrangement between the channel area (or the TFf) and 

the gate electrode~he scavningJine) .. 
/ /vµ~IJlf \._o., 7 

:Seconfuibodimen~GJt \-:SJ 
N cond~odimc e present invec~ ~xplain. ed with ll ' ► '),.: J ttJl \A.:..--.S \ ,,1.,.- ... if 

reference to . to 11. FIGs. 8 and 10 are disgrntHs Jl'jth tR@ see ptnposc asTlC. 2:, 

rPspec1iv@J)•, sna iHoshalcs anotherfem~~i~ferent from that in FlG. 2 in that a 

Furthermore, since-the basi~ construction and operation, -
.-✓~lo.rt 

etc., of the e]ectro-optical device of these ~femb~diment are • ilar to those of the first 
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kmbodi , exp]anation about djstinctive portfons in the secon~iment will 1k 

main~y d cribed below. Furthermore, the reference numerals in FIGs. 8 and 12 

indic \ t same elements as in FlGs. 1 to 7 referred to in the above descr_iption, when 

they 1 catf9:bstantia11y equivalent el ~. ~Ol1 
L~ 

Fir , in one aspect of the se ndlembodiment 

groove 3Gl is formed along the scannmg The groove 

3Gl is formed except for the area where the semiconductor layer la of the TFf 30 is 

formed. By this constructfon, in consideration of only the grooves, the grooves 3G1 are 

arranged in a matrix shape from a plan view (see FIG. 8). Further, a scanning line 340a 

10 is formed such that the narrow width portion 342a thereof is entirely buried in the groove 

3Gl (see FIG. 9). t,,:.f:C,J\.ol,t 

. In another aspect of the cond(embodi nt, as shown in Fl Gs. 10 and 11, a 

groove 3G2 is formed on the T substrate 10, similarly to the groove 3Gl. 

However, preferably, a groove 3G2 is formed slightly narrower than the groove 3Gl. 

15 Further, a narrow width portion 352a of the scanning line 350a is formed along the groove 

3G2. The narrow width portion 352a has a buried portion 352aB of which a part is 

buried in the groove 3G2 and a non-buried portion 352aNB which is not buried in the 

groove 3G2 and extends parallel to the buried portion 352aB. The non-buried portion 

352aB is formed on the surface of the TFf array substrate 10. . p~OJ1 
.JL~ 

2 0 Further, in one aspect and another aspect of the s ond~bodiment s shown in 

Furthermore, the data ]ine 6a is formed to be entirely buried in the groove 6Gl. ln 

---------=a-=d-=d~it=io=n= the semiconductor layer la is also formCd to be enti~e.:,n~~\ roove 6Gl. 

According to the electro-optical device of the se/ndfcmbodiment ~o structcd as 
I 

25 above, the fo]]owing effects can be obtained. First, since t e who rt or a part of both 
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of the scanning lines 340a and 350a are buried in the grooves 3Gl or 3G2, as shown in 

A Gs. 9 and 11, in this buried portion, the surface height of the base insulating film 12 and 

the height of the buried ponion 352aB of the scanning line 340a and the scanning line 

350a are almost equa] to each other to maintain the leveling feature. By this, the Jeveling 

5 feature of the first to third interlayer insulating film 41 to 43 formed as the upper layers of 

10 

15 

20 

25 

the scanning lines 340a and 350a, or the pixel .elect1ode 
.• ~~\wt_ 

well obtained. Therefore, in the se ondkmbodiment, fi 

nd the oriented film 16 can be 

example, since a step a]ong the 

narrow width portion 342a or the bur· 2aB does not substantial1y appear on 
,-,--...... 

the surface of the oriented film 16, the rubbing process can be very suitably performed <_mlL....,.I \ 
~f~r>~ J 

the oriented film 16 and the bad orientation can be drasticalJy prevented. Funhermore, 

an effect can be obtained that the Jight Jeakage caused by the ba&, uu~~l.YJa-ai1U 

deterioration of the image quality based on the Hght Jeakage. 

Such effects on the portion along the data line 6a can be obtained because of the 

existence of the groove 6G1. 

Further, fo Fl Gs. 10 and 11, in particular, because of •.he existence of then/on- _ or c---) 
buried portion 35ZaNB, tne fo1 wing effects can be obtained. ~e effects~ 

explained·. det:ilµ,,_.. · /r~\w1 

st, in ectro-optical device of the pnfenefembodiment, 

pre enidft~ri6rallonv&-" e ekctrol()ptical material ~'~u.-t'..,.. e application of DC 
~ (' ~c..V 

vo1tage and to preven~ cros~ or flicker in the displayed image, an inverse driving 

method of inversing the polarities ofvoJtages applied to the respective pixe] electrodes 9a 

in a predetermined rule ma e emplo,yed. More specifica11y, so-ca11ed "lH inverse 

""0 .J:(,;\,t)_->-1) 
drivingrneth d''~ ai,~ / ..x-0) 

Firs, shown in AG. J3(a), during lbc ti~~('~"\mage signals for the 

n-th fie]d (n is a natural number) or frame, the polarity of the Ji~ystal driving voltage 

Page 172 of 395



. . 

- 38 -

indicated by+ or - for each pixel electrode 9a is driven with the same polarity for every 

row. Thereafter, as shown in FlG. 13(b), when the image signals for the n+l-th field or 

frame are displayed, the po]arity of the liquid crystal drivi_ng voltage for each pixel 

electrode 9a is inversed and dudng the time for displaying the image signal of the n+lth 

5 fie]d or one frame, the polarity of the liquid crystal driving voltage indicated by + or - for 

each pixel electrode 9a is not inversed, and each pixel electrode is driven with the same 

polarity for every row. Then, the state shown in FIG. 13(a) and 13(b) is repeated at the 

period of one field or one frame. This is the lH inverse driving method. As a result, 

whi1e avoiding deterioration of the liquid crystal caused by the appHcation of DC voltage, 

10 it is possible to prevent, im:;ge display with reduced cro@or flicker. Further, the lH 

inverse driving method is more advantageous than the lS inverse driving method to he 

explained later, in that there is no almost t9 fo the vertical direction (Y direction) in 

the drawing. 

However, as can be understood from FIG. 13(a) and FIG. 13(b), in the lH inverse 

15 driving method, a horizontal electric field takes place between the pixel electrodes 9a 

adjacent to each other in the vertical direction (Y direction) in the drawing. In these 

drawings, an area Cl where the horizontal electric field takes place is a]ways in the 

vicinity of the gap between the pixel electrodes adjacent to each other in the Y direction. 

If such horizontal electric field is applied, for the electro-optical material to which a 

2 0 vertical electric field, i.e., an electric field perpendicular to the surface of the substrate, is 

applied, between the pixel electrode and the opposing electrode facing each other, the 

operation failure can be caused by the bad orientation of the liqujd crysta] in the electro­

optical material and by the 1ight ]eakage in the portion, which leads to a problem of 

decreasing the contrast ratio. 

25 With respect to the above, the area where the horizontal electric field is generated 
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can be covered by the light-shielding film. However, in this case, there is a problem that 

the opening area of pixels becomes narrow in respect to the area where the horizontal 

electric field is generated. In particular, as the dfatance between the adjacent pixel 

electrodes becomes small due to minuteness of the pi 

5 field increases, and thus this poses a serious proble recision e1ec ptical 

device. \ 

In the aspect shown in Fl Gs. 10 and 11 of these • ep caused 

by the height of the non-buried portion 352aNB is formed 

(that is, the adjacent pixel ele~trodes 9a to which voltage of inverse polarity is applied) 

10 adjacent to each other in the vertical direction. Because of the existence of this step, it is 

• possible to intensify the vertical electric field in the vicinity of an edge portion of the pixel 

electrode 9a arranged on the step and to weaken the horizontal electric field. More 

specifica11y, as shown in FIG. 12, the distance between the vicinity of the edge portion of 

the pixel electrode 9a arranged on the step 430 and the opposing electrode 21 becomes 

15 narrower by the height of the step 430. Therefore, in the area Cl where the horizontal 

electric field is generated, the vertical electric field between the pixel electrode 9a and the 

opposing electrode 21 can be intensified. Furthermore, in FIG. 12, since the gap bet~een 

the adjacent pixel electrodes 9a is constant, the intensity of the horizontal electric field to 

be intensified with the gap getting narrow is constant. Therefore, by making the vertical 

20 electric field more prevalent in thr area (j where the horizontal electric field is generated, 
r rf..Lvt.Y • 

it is possible top vent~ bad orient • of the liquid crystal caused by the horizontal 

electric field. 'mt~r-m,crfee, because of the step 430 made of the insulating fiJm, the 

intensity of the horizontal electric field is weakened, and the portion of the liquid crystal 

affected by the horizontal electric field is decreased by the amount of replacing the step 

2 5 where the horizontal electric fie]d exists. Therefore, the influence of the horizontal 
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electric field on the liquid crystal layer 50 can be reduced. 

Further, in the above description, the 1H inve method has been 

explained but the present invention is not limited to method. For example, 

1S inverse driving method of inversing the voltage 1ty at a period of a frame or a fieid 

5 for each column while driving pixel electrodes in a column with the potential of the same 

voltage polarity may be employed in the present invention· as the inverse driving method 

of which control is relatively easy and which enables the high quality image display. 

Furthermore, between the pixel electrodes adjacent to each other in both of the column 

direction and the row direction, the dot inverse driving method of inversing the voltage 

10 poJarity applied to each pixel electrode has bee eloped and can be applied to the 

15 

20 

present invention. ~\OJ 1, 

Further, in the s ondfe'mbodiment, as wn in FIG. 2, the aspect in which the 

narrow wi~th portion 34 

between the adjacent pixel el 

invention is not limited to s 

ormed to extend through the center of the first gap 

9a has been explained. However, the present 

That is, as shown in FJGs. 5 and 6, in the 

aspect where the narrow width portion is formed to extend at the position deviated from 

the -nter of the first gap, the grooves 3Gl or 3G2 shown in FIGs. 8 to 11 may be 
-For~ . 

• d in a COJEE!n . .9ifon. For r~~~ the construction shown in FlGs;·14 and?5·~,\ 

may be employed. FIG. 14~fiew<~e same purpose 1[ ~lG. 2 BHS illustrat~~ _____ _../) '---- ... ------
another aspect different from that in FIG. 2 in ~oove1sformed on the TFf·;;ray 
substrate 10, and the narrow width portion of the scanning line is deviated from the center 

of the first gap, and FJG. 15 is a sectional view taken alo4=~~:l10. 14. 

FIG. 14 is similar to Fl Gs. 5 and 6 in that a narrow width portion 362a of a 

scanning line 360a is deviated from the center of the long first gap extending through the 

25 space between the adjacent pixel electrodes 9a, but FIG. 14 is different from FIGs. 5 and 6 
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in that the narrow width portion 362a is formed a]ong a groove 3Gl' formed on the TFf 

array substrate 10 and a broad width portion 361a is formed to protrud~nly downwardly 

in FIG. 14. Jn this construction, the narrow width portion 362a,..pf !he anning line 360a 
v:~ 

is formed from the upper portion in the drawi as ~ from the er of the first g~ 

5 and thus the narrow width portion 362a is formed to be positioned right below the contact 

hole 85 for connecting the pixel electrode 9a and the junction layer 71. Further, the 

narrow·width portion 362a is formed to be entirely buried in the groove 3Gl '. 

According to this construction, as shown in FJG. 15, the contact hole 85 is formed 

on the scanning line 360a formed to be buried in the groove 3Gl '. In other words, it is 

10 possible to form the contact hole 85 on the assumption that the step caused by the height 

of the scanning line 360a does not substantially appear on the surface of the third 

interlayer insulati 

ln s ch<co~t ction shown in FlGs. 14 and 15, in particular, an advantage from 

the contact hole 85 which can be easily and securely formed can be obtained. That is, 

15 assuming that a step due to the height of the scanning line or the narrow width portion is 

generated on the surface of the third interlayer insulating film 43, there is a possibility of a 

20 

25 

disadvantage in that the contact hole 85 may e on the vertex or on the ridge of the 

step. The present construction overcomes s 
.,...,,,,-

The abo~,3 be understood from the following point of view. That is, 

in the sec£akmbodim , since the whole or a part of the scanning line is buried in the 

groove, and t us a step _due to the height of the scanning line does not substantially appear 

on the surface of the respective interlayer insulating film, the formation position or the 

extending position of the scanning line need not be considered particularly. In other 

words, if the scanning line is between the adjacent pixel electrodes in the direction thereof, 

the scanning Hne may be formed at any position. This is bec~ven when the 
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formation position or extending position of the scanning line is se]ected freely and the 

contact hole is formed thereon, as described above, the contact hole can be relatively 

easily and securely formed due to the absence of the step. 

Further, in case the narrow width portion has both the buried portion and the non-

5 buried portion, it is preferable to form the groove such that the buried portion • positi ed 

10 

15 

right below th ontact h_ale 85. FIG. 12 corresponds to an example of 
,.,_._,,e;,f\oJ1 

irdbnbodi OVJ.n1 _ _,,__o\o.r1. _,,,,- ~ /' f,,,--·-···-- •• 

~ / ,, \ <.. .,. W-p.,...> 

th~enr-Gf the present inventi9Ji~fyla{nect41th ~ w<--"' 

reference t_,....-.,._,....., __ 16 to 19. FIG. 16 is a dhgram wilb ;be saroe purpcs~--ns AG. ~id 

ill~(.rat~ ther as@sh~pc oftr" data line is different from that in FIG. 2 FIG. 

17 is a sectional view taken~~ P- '·n FIG. 16, FIG. 18 is a sectional vifw taken 

ong ~ - ' ·n FIG. l~d JG. 19 is a sectional view taken~ 

. 6. 9-1rther, since the basic construction and operation of the electro-optical device 
/-~~1 ~\w1 

of the thirdle""'mbodime re simihu' to those of tlte firsvfmbodiment, Janation about 

distingl • eatures oftho~dre~~~~'- - - mainly described below. 

Furthermore, reference num~ts--i-ir-Ffas. 16 to 19 indica:the same elements as in FJGs. 

1 to 15 referred to in the above description, when they indicates substantia11y equivalent 

elements. , .,.P\u 1 

In the (.db~im , as shown in FIGs. 16 to 19, a data line 6al inc1udes a 

20 aW of which a portion overlapping the TFf 30 is formed locally 

broad. Further, a width Wl of a portion extending along the data Jine 6al in the 

capacitive line 300, that is, the protruded portion 302, first, is broader than a width W2' of 

the portions except for the broad width portion 6a Win the data line 6al (in particular, see 

FIG. 17). Second, the width Wl of the protruded portion 302 is almost equa] to a width 

2 5 W6 of the broad width portion 6a Win the data line 6a1 (see FIG. 18). The channe] area 
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la' of the semiconductor ]ayer la is positioned almost at the center in the width direction 

:::::i:;:i:~::h d::::::6:,: i::2:::2: in ::::::t:n d:::'.0106~::h:nd 19, 

the broad width portion 6a W of the 1ata line 6a • ormed continuously from the ortion 

overlappfog the TFf 30 to the portion fo which the contact holep ~nect% t 

semiconductor ]ayer la of the TFT and the data line 6a is provttl«~1J1:..-t::-a'-=n TFf 30 
~\o11 

arranged in a matrix shape. In addition, in t e third<embodimen shown in FIGs. 17 to 

A width WS of 

__ one-by-one lattice of the light-shielding film 23 is greater than that of the broad width 

or~\_O,J 

e third~dirr constructed like the above, 

portion 6aW. 

In the electro-optical device o 

the fol1owing effects can be obtaine nst, since the broad width portion 6a W of 

the data line 6al and the protruded portion 302 of the capacitive line 300 which is formed 

broad exist on the TFf 30, so ca11ed a double light-shielding effect can be obtained. 

Therefore8 !Vs ,djfficult for the Hght to enter the.· chan11el area la' of the TFf 30, and thus 
~ S.ft.t.L,,,, r~~-.... 1!.#- • ,-

the light leak current t"can be~d . 
..(___¥,u--P \ c.,r-.f . 

In particular, in the thirdkrnbodiment, the broad width portion 6a W of the data 

line 6a also exists on the TFf 30 while overlapping the capacitive line 300. In this case, 

on the TFT 30, the light-shielding ability corresponding to the integrated value of their 

2 0 transmittances can be obtained. Further, since the channel area la' of the semiconductor 

layer la is positioned almost at the center in the width direction of the broad width portion 

6a W and almost at the center in the width direction of the scanning line 3a, the Eght-

shielding abiHty can be enhanced. /. 
11

\ __ ~ 

Second, in connection with such excellent light-shielding abiJity, in the t~ 

2 5 embodiment, as descdbed above, the width Wl of the protruded portion 302 of the 

Page 178 of 395



..1'0tl,SiH 
- 44 -

capacitive line 300 and the width W6 of the broad width portion 6a W of the data line 6a 

are Jess than the width WS of the light-shielding film 23 on the opposing substrate 20 (that 

is, WS> Wl, WS> W6). According to this, the light entered from the upper portion of the 

TFT 30 is first shielded by the light-shielding film 23 and is further shielded by the broad 

5 width portion 6a W of the data line 6a. Furthermore, although passing through the broad 

width portion 6aW, the incident light is,,-riext shie]dt;,.d by the protruded portion 302 of the 
/ ~.,.,.f \ w 1 

capacitive line 3.00. In short, in th thirdfembodim , since triple light-shielding is 

implemented, it becomes mo~'1 or the light to enter the TFT 30. 

Third, in t~irdkmbodime , the broad width portion 6aW of the data line 6a is 

10 formed continuous-M,-..f.JFeJn1lhe portion overlapping the TFT 30 to the contact hole 81 for 

each TFT 30 arranged in a matrix shape. Since the contact hole 81 is provi~ 

connc@scmiconductor layer la of the TFf 30 and the data line 6a as described 

above, the capacitive line 300 cannot be fonned in the portion. However, in t~ 

embodiment, in the formation position of the contact hole 81, the broad width portion 

15 6aW of the data line 6a exists similarly to the upper portion of the TFT 30. Therefore, 

deterioration of the light-shielding ability caused by the absence of the capacitive line 300 

can be compensated by the existence of the broad width portion 6a W. In this connection, 
/ ~~\t.r 

as int thirdkrobodi , according to the aspect that the broad width portion 6a is 

formed contmuously on the TFf 30 and on the formation position of the contact hole 81, 

2 0 since it is not necessary to broaden exceedingly the formation area of the broad width 

portion 6a W, it is preferable not to increase the inner reflection. 

/ ~i>.J\6rf~--As described above, in thethirdlembodime , IBC&BS cf t combination of 

various effects, the possibility o 1g t incidence to: e channel area la' is drastically 

decreased, and the generation of the light leak current in the TFT 30 and consequently the 

2 5 generation of the flicker and the like on the image due to the light leak current can be 
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(The whole construction of the electro-optical device) 

The whole construction of the elt¾:tro-optica) device according to the~ 

embodiment constructed like the a~ained with reference to FIGs. 20 and 

21. Further, FIG. 20 is a plan j:w ,?~e T~ array substrate _along with the re.spective 

elements formed therron ~f~. t e o otpposmg substrate 20 side, and FIG. 211s a 
~ _: ,~ • 

sectional view taken along.aJ.w{' H-H' in FIG. 20. 

In FlGs. 20 and 21, in the electro-optical device according to the pr~ 

embodiment, the TFf array substrate 10 and the opposing substrate 20 are arranged 

10 opposite to each other. A liquid crystal layer 50 is inserted and sealed between the TFT 

array substrate 10 and the opposing ~ubstrate 20 an. d the TFT array substrate 10. and the 
. . _.,_./ ~ J('-.~ 

opposing substrate ~h..Gth<rby_m@aRs of a sealing material 52 

provided in the sealing area positioned around the image display area 10a. 

In the outer area of the scaling material 52, a data line drive circuit~ 

15 the data line 6a by supplying image signals to the data line 6a at a predetermined timing, 

and the external circuit connecting terminals 102 are pro;'.Jded al.J,.Pl~.pne side of the TFT 

20 

• /'it--0 
array substrate 10, and scanning 1ine drive circuits 10 .f<Sf cfrivi~ t scanning line 3a by 

supplying scan signals to the scanning line 3a at a predetermined timing is provided along 

two sides adjacent to the one side. 

Further, if delay of the scan signals supplied to the scanning line 3a does not 

matter, the scanning line drive circuit 104 on only one side is sufficient. Furthermore, 

the data line drive circuit 101 may be arranged on both sides along the sides of the image 

display area 10a. 

The remaining one side of the TFT array substrate 10 is provided with a plurality 

25 of wirings 105 for connection between the scanning Jine drive circuits 104 provided on 
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both sjdes of the image dfaplay area 10a. Further, at least one corner of the opposing 

substrate 20 is provided with a conductive materia1106 for electrical connection between 

the TFf array substrate 10 and the opposing substrate 20. Furthermore, as shown in FIG. 

21, the OpJXlsing substrate 20 having almost the same profile as the sealing material 52 

5 shown in FIG. 20 is bonded to the TFf array substrate 10 through the seaJing material 52. 

In FIG. 21, after the TFfs for switching pixels, or wM~ch as the scanning 
. LV 

Jines, the data lines are formed on the TFf array substrate 10, and the oriented film is 

formed on the pixel electrodes 9a. In addition to the opposing electrode 21, the oriented 

fiJm is formed on the uppermost portio~ oJ)he opJXlsing substrate 20. Further, the liquid 
.fo~. 

10 crystal layer 50 • compose€ of the Ji qui stal in which, for example, one kind or 

several kinds of nematic liquid crystal are mixed, and is oriented in a predetermined state 

between a pair of oriented films. 

Furthermore, on the TFf array substrate 10, in addition to the data line drive 

circuit 101 and the scanning line drive circuit 104, a sampling ci~mage 

15 signals to the plurality of data Jines 6a at a predetennined timfog, a precharge circu~ 

supp@recharge sjgnal of a predetermined v0Itage level to the p1ura1ity of data Jines 

prior to the image signals, an inspection circ it ~specti)(g t quality or defects of the 

e]ectro-optka] device dudng production thereof or m s 

form ~~\o' 

2 0 lectronic apparatus) 

ext, for an embodiment of a color display device of a projection type that is an 

example of an equipment using the above-described electro-optical device as a light bu 

the whole construction thereof, in particular, the· optical construction ther 

explainec96. 22 is a diagrammatic sectional view of the coJor display device of 

25 a projection type. 
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modules inc]uding the liquid crySt.sLLJ~rJC~ ve circuit is mounted on the 

' TFf array substrate, and furthet cg • !LJ:.e&l~ . ight bulbs 100R, 100G and 

5 100B for RGB. In the liquid crystal projector 1100, when transmitted light is emitted 

10 

15 

from a lamp unit of white light source such as a metal halide lamp, the light is divided into 

the light components R, G and B corresponding to the three pdmary colors RGB betiflLJ 

@ree mirrors 1106 and two dichroic mirrors 1108 and guided to the light bulbs 100R, 

100G and 100B corresponding to the respective colors, respectively. At this time, in 
,,-or r~.,;~ 

particular, in order top eventtthe light loss ed by the long light path, the Blight is 

guided through a relay lens system 1121 composed of an incident lens 1122, a relay Jens 

1123 and an exit lens 1124. Then, the light components corresponding to the three 

prhnary colors modulated, respectively, by the light bulbs l00R, l00G and l00B are 

synthesized again by a dichroic prism 1112, and then are projected as a color image to a 

screen 1120 through a projecting lens 1114. ~ Dlcv-,z. 
..L.r¢-~ 

The present invention is not limited to the above-desc ·bed fembodime~~w-

be appropriately varied without departing from the gist or the spirit of the invention 

known throughout the claims and the specification. The electro-optical devices including 

such variation, for example, an electrophoresis apparatus or an electro-luminescence 

2 0 display device, or the electronic apparatus including these electro-optical devices are also 

included in the technical range of the present invention. 
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SPEClPl(5Vl21 0l l 

ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

~---------- - - --··--~•-· - - G!.._+:::,r-J 

C BAC~GRO_~~-D OF_1:1E I~VENTIO~ 

5 1. Field of i'1{e invention 

10 

15 

20 

The present invention relates to an eJectro-optical device caRable of performing 
~ 'l+-ve--~.,._, a_l~ r~~ i"',G:>rlo•c.. \:--"1 5~ o.f'. d~ -

active matrix drive a9'f to an electronic apparatus :baviA8 &e sanae device.' o/';,-,.._\ 

constructed to sandwkh an electro-optical mate~c~ as a liquid crys~erebetween 

and electrodes provided in each of the afr of substrat6 ~lyi~ ;rt) electric field to 

the electro-optical m t&iaJ::;:, ac cc c electro~~pJ~J electric 

field to the e]ectro-optica] •material to vary the state of the mate~rding to ~ 
electro-optical device, ~or example, when the light emitted from a Hght source enters the 

device and the state of the electro-optical material is varied, it is possible to control the 

light transmittance an~ thus;~e~ed image display. 

Moreover/fu,/feifc~ptical ckvkes, by providing pixe1 electrodes arranged in a 

~ / 2 matrix shape, thin-film transistors (hereina(ef~ "T 11
) connected to the 

respective pixel eJectrodes, a11d scanning line.s...and--cl a lines connected to each of TFTs 

and provided in para11e1 to a row direction and a column direction, respectively, on one of 

the pair of substrat(,--ifi6 ]mo :s~tive matrh drive can be performed. As a result, 

for each pixel defined by the pixel electrodes or the scanning Jines and the data Jines, it is 

25 possible to control the e]ectric field appHed to the e1ectro-optical materia] and to control 

Page 183 of 395



}06,Jf~ 
- 2 -

the Hght transmittance. 

~---~~--- e-U-~~ 

(s~~OFTHEINVENT~ rJ;.,..~ ,J', /4(1,.v) 
However, in ~tical devices, there ~g problems. 

5 That is, for an electro-optical device capable of • the above a • atrix ddve, 

it is required to predsely drive the TFfs. isely Ffs is a 

/difficult tas~ m,ti~ the high predsion and miniaturization requirements imposed 

~~!~pt~~ 
0/1 Ff compris'1£a semiconductor layer having a channel area, a source area and a 

10 drain area, and a gate electrode formed through an insulating film to cover at least a part of 

the channel area of the semiconductor ]ayer. By applying or not applying the e1ectric 

15 

20 

field to the channel area in accordance with the current applied (or not applied) to the gate 

eJectrode, the current flow can be controlJed. & 

/ r / ~ >f "~ 
At this t~·me Jengtll'"gf}J\.e c9~nnel area, fer/e~ as "channel length" or a 

width thereof, rder»e ('·s ("channel ·dfh", that is, the size of the channel area is, is 

importal~.!;lfo~ e characteristics of TFrs. Further, an arrangement of the 

gate electrode on t c anpel ,ar~ is al~e_ a very important factor. Jn this regard, 
'M. ~ r~~ o..r~ 

wQfl"<'eH~Hally, a conductive member electrica1ly connected to the scanning line or a 

' U..."-~ 
member constituting a part of the scanni Jine ~ used as the ate electrode. However, 

.) 

there are problems in arranging the scanm • se and th1richannel area. 
- \,~''l .. --t~-\ r re,v.~c..),L,-

. Jn short, i is r~'}Yiu:tto realize a su • e arrangement of the channel area (or 

TFT) and the scanning me or gate electrode) while realizing the high precision required 
,,~- ~e.:F-,--z_.,'"'>...\ • r- rc.,.,;.r ~ 

fo the electro-optical devices. Further, itequfredto realize the _gj.fficult task of 

predse1y operating the TFr constructed as such. 

25 For example, it is not sufficient to~ctro-o~ticaJ de~i~e~ by the 'Eb 
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and the scanning line (or the gate e]ectrode) and various elements are additionally required. 

However, it is generally difficult to accomplish the above arrangement or adjustment in· 

connection wi h various other elements. Further, in the TFf, there is a disadvantag@ 
//. ,~ • 

// @irus re • ed to prevent the light leakage current which is generated by the Jight 

10 

15 

That is, it is preferable that the TFf is arranged as far as 

possible from a 1ight-transmitting area, which is an area that the light contributes to image 

display in each pixel emitted through transmission or reflection, more specificaJly, from 

the pixel electrode. However, since this should be realized while satisfying the 

requirement of high predsro~~ in that the above 

arrangemcnl/adjustmc(~es/m~ d~lt.,. woA m difu>.•~;_,J !(k..-

The present invention ii; ~aee in considciation of aic abe ,4, problem~ 

Toerefef@, an object of lh~Invention is ts provide~n electro-optical device 

capab]e of easj]y adjusting the arrangement of a gate electrode and a scanning line ~nd 
,'-ktk..,.Jl., ~ 

capable of precisely drivfog TFf and an electronic apparatus cowpdsiogihe electro- ~ 

optical device. ~jf tft ~ 1>F 

In o der tokolve ove problems, the electro-optical device of the present 

invention ~ ~n a substrate, scanning Jines extending in a predetermiried direction, 

data lines extending in a direction intersecting the scanning lines, thin-film transistors 

formed correspondingly to intersecting areas of the scanning Jines and the data lines, and 

2 0 pixel electrodes formed correspondingly to the thin-film transis ors, wlHlFei.A ffle r spective 

scanning line has a broad width portion as a gate e1ectrode in a portion acmg a channel 

area of the respective thin-film transistor and a narrow width portion in the other portion. 

According to the e]ectro-optkal device of the present invention, by supplying scan 

signals and image signals to the thin-film transistors through the scanning Jines and the 

2 5 data Hnes, the phel electrodes can be driven in an active matrix mode. 
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More specifica11y, in the present invention, since the scanning Jines have the broad 

width portions as the gate electrode in a portion facing the channe] area of the thin-film 

transistor and the narrow width portion in other portion, it is not only possible to realize 

the narrowness of the scanning line but a]so to more easily adjust/determine the 

r the thin-fi1m transistor) and the scanning Jine 

For example, when a plurality of pixel electrodes are arranged in a matrix shape, it 

is generally preferab]e that the thin-film transistor are configured such that the channel 

area of the thin-film transistor is positioned at the position farthest from the corner of each 

10 pixel electrode, that is, at the center posHion of a space among adjacent and opposite 

comers of the pixel electrodes when four pixel electrodes are considered (because it is 

farthest from the light transmitting area). However, in this case, by a11owing the channel 

area to extend through a space between adjacent pixel electrodes including the center 

position, it is possible to adequately determine the channel length, and by arranging the 

15 scanning line to intersect it, it is possible to realize a structure that the broad width portion 

of the sc_anning line exists on the channel area. Therefore, in lhis case, it is possjb]e to 

simuJtaneous]y realize the trade-off requirements in securing the adequate channel length, 

that is, securing an adequate operation characteristic of the thin-film transistor and the 

narrowness of the scanning line, required for hjgh predsfon or miniaturization of the 

20 electro-optical devices. Further, in this case, the light incidence to t!.Je thi~film transistor 
/_,,/ er '~"'~~ ; 

or the channel area can be prevented as much as pos.s-iblefunder the above-d ·eiibed 

assumption. 

Uke the above, according to the present invention, it is possible to adequately 

adjust the arrangement between the thin-fi]m transistor and the scanning line or the gate 

2 5 electrode while satisfying the high precision requirements of the electro-optical devices. 
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Further, this structure renders a good outcome eyen after arrangement of various elements 

constituting the electro-optical device has been adjusted and determined, in addition to the 

above scanning line and the thin-fi]m transistor. Furthermore, according to the present 

invention, it is possible to precisely drive the thin-film transistor, and thus maintain the 

5 quality o( image to be disp]ayed at high level. 

10 

15 

Further, in the present invention, "broad width" means that it is broader than the 

width of the "narrow width portu:}nd" means that it is narrower than the 

width of the "broad width portion 11. In narrow degree of "the broad 

width portion" and the "narrow ~~~•;fca.~ernyned in accordance with the 

relative relationship betwce~al width of the broad width portion 

or the narrow width portion can be adequately determined theoretically, experimentaHy or 

b€o8M; ~ulation. 

In one aspect of the electro-optical device of the present invention, the broad 

width portion has a portion lengthened from the narrow width portion. 

According to this aspect, it is possible"tofofifftt'fe-scanning line relatively easBy 

having the brnad-width portion and the narrow ~iq.lp portion. More specifica11yl for_ 11 ) 
// :> r&,;~ ~ wr- \ti-MY ~v-Uv:>1~ / 

example, b~ employing t¥: known~otolithography and etching met~ 

assumption ~he--broa£UYiQth portion ar.i~Jthe. narrow width portion are formed through 

the incorporated pattern, the scanning line according to the present aspect can be easily 

20 formed. 

ln another aspect of the electro-optical device of the present invention, the broad 

width ponfon has a portion connected to the narrow width ponion. 

According to this aspect, for example, the broad width portion includes the 

portion formed by connecting a conductive member and the like prepared separately to the 

2 5 narrow width portion. Even in this case, the broad width portion can be formed 
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re]atively easHy. 

In another aspect of the electro-optical device of the present invention, the 

scannfog ]foe extends in a direction intersecting the direction in which the channel area 

extends and the broad width portion extends in a single direction or bi-directionally in 

5 which the channel area extends. 

According to this aspect, since the broad width portion extends in the single 

direction or bi-directionalJy in which the channel area extends, it is possible to more 

adequately adjust the arrangement of the thin-film transistor and the scanning line. 

Further, according to this aspect, since the gate e]ectrode is adequately formed in 

10 accordance with the channel length, the electric field can be more effectively appHed to 

the channel area. 

Further, Jike the above, according to the aspect that the gate electrode, that is, the 

broad width portion is provided in the portion to be the channel area corresponding to the 

channel area, for example, the so-called self-a]igned formation of the thfo-film transistor 

15 (that is, formation of the source area and the drain area adjacent to the channel area 

20 

through an ion implantation process using the gate electrode as a mask) can be easily 

executed. However, in this case, strictly speaking, the channel area is formed by carrying 

out the ion implantation process after forming the broad width portion to be the gate 

electrode. 

In another aspect of the c]ectro-optka] device of lhe prese!)t--ifiv~nHpn
1 

!lie pixe] 
~ s.J~-

eiectrodes are arranged in a matrix shape and the channeJ area are f'formed in 

intersecting area in which a first long gap extending through a space between pixel 

electrodes sandwiching of the scanning Jine and befog adjacent to each other and a second 

Jong gap extending through a space between pixel electrodes sandwiching the data line 

2 5 and being adjacent to each other are inlersected. 
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This aspect is similar to the above mentioned aspect and is one of the aspects in 

which the operational effect of the present inventfon js exhibited most effectively. 

That is, according to this aspect, the channel area of the thin-film transistor is 

formed in the intersectfog area of the pixel eJectrodes arranged in a matrix shape. The 

5 intersecting area is an area in which the first long gap extending through a space between 

pixe] electrodes sandwiching the scanning line and being adjacent to each other and the 

second Jong gap extending through a space between pixe.1 electrodes sand. wic~ data 

line and being adjacent to each other are intersected~n view. Bys~ 

configuration, it is difficult for 1i to ter the ch!nz.rea. 

10 Further, along with ch~~ onal effect, since the scanning line has the broad 

15 

20 

width portion as the gate electrode is opposite to the channel area, the arrangement 

between the channel area (or the thin-film transistor) and the gate electrode (or the 

scanning 1ine) can be determined most adequately and it is also possible to secure the 

adequate channe] Jength and narrowness of the scanning Jine. 

In this aspect, in partkular, the narrow width portion is formed at a position 

devfated from a center of the first gap and the broad width portion, is formed at the center 

of the first gap in the intersecting area. 

According to this configuration, the narrow width portion of the scanning Jine 

extends through the space between the adjacent pixel e1ectrodes but does not exist at the 

center ~~;~-ana·iriorm~ =:~\n;!eviated from the center thereof. As a result, 

first;the ifflp10vcmeftrntJ.e ua ·1y--ofthedisplayed image can be obtained, especia11y for 

the liquid crystal display device that js an example of the eJectro-opticaJ device, and the 

reason thereof is as fo11ows. 

That is, in the present aspect, when perfonning the rubbing process on a convex 

25 portion on the oriented film norma11y provided fo the liquid crystal display device, in 
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particular, a convex portion formed by "height" of the narrow width portion, 

nonuniformitics are usually generated in the convex portion. Further, it is considered 

that the degree of nonuniformity is different from each other in the portion associated with 

the rubbing up convex portion (that is, the direction ascending to the convex portion) and 

5 the portion associated with the rubbing down convex portion (that is, the direction 

descending from the convex portion). 

More specificaIIy, for example, it is more difficult to generate nonunfformity in 

th~ portion associated with the rubbing up convex portion than in the portion associated 

with the rubbing down convex por:tion. 

10 Further, if the nonuniformity is left as it is, a poor orientation of the liquid crystal 

15 

may be caused to result in the operation failure of the electro-optical devices. In the 

difference in the degree of nonuniformity between the rubbing-up process and the 

rubbing-down process, the latter has greater possibility to cause the bad orientation of the 

Hquid crystal than the former. 

It is significant that the narrow width portion of the present aspect is formed at a 

position deviated from the center of the first gap between the pixel electrodes. That is, if 

the narrow width portion is formed at the above-described position, the vertex of the 

convex portion caused by the narrow width portion is a]so formed at the position deviated 

from the center of the first gap, and this means that it js possible to form almost only half 

2 0 inclined surface of the convex portion on the area corresponding to the first gap, that is, to 

form only the portion associated with the rubbing-down on the area. Further, in this case, 

if the light-shie]ding fiJm is provided corresponding to the first gap, it is possible to 

effectively shield only the portion associated wjth the rubbing-down, that is, to effectively 

shield the corresponding portion of the convex portion to be most fofluenced by the 

25 nonuniformity. 
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As a result, according to the present aspect, since the operation failure of the or r~c.J/ 

electro-optical device caused by nonuni formities can be substantially pr~­

portion of the convex portion associated with the rubbing-up, which is not affected by 

nonuniformities, is able to transmit the light contributing to the image display. Thus, it is 
/ e,;..~ 

possibl~-m1io of pixel, that is, to provide a brightened.ima_ge 

djsplay. As a result, according to the present aspect, from the above-mentioned point of 
/ ~~~' 

view, t~e-clisplay image can be obtained. 

Further, by forming the narrow wid 10n at the position deviated from the 
~ 

center of the first gap, it is also possible is;Rp;i:01 ·€the degre reedom in designing the 
o I' r4!_1J~ 

electro-optical devices and to more effectively ~entnfght from ente • the thin-fi)m 
(____ 

transistor. The reason thereof is as follows. 

That is, in the present aspect, the narrow width portion extends through the first 

gap between the adjacent pixel electrodes, but does not exist at the center thereof. For 

this reason, by using the area in the.first gap where the narrow width portion is not 

provided, in a plan view, it is possibJe to provide other wi~h as the capacitive line 

made up of the same film as the narrow width portion, in parallel to the narrow wjdth 

portjon. That is, the degree of freedom of design is increased. 

Further, in the above-mentioned case, although the narrow width portion is 

deviated from the center thereof, it is possibJe to arrange the broad width portion as the 

2 0 • gate e]ectrode at the center of the gap, by adjusting the width of the broad width portion, 

for example, by broadening only one side or by broadening one side more than the other 

~11. Like the above, since the gate electrode can be arranged :ta position 

advantageo incr e 1ight-shk1ding ability regardless of the posWon of the 

25 while arranging the gate electrode at the position advantageous for increasing the Jight-
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shielding ability, it is possib1e to rea1ize a thin-film transistor having a high light-shielding 

ability while increasing the degree of freedom fo arranging wires including the 

arrangement of the scanning Jines. 

In this configuration, further, the broad width portion may be formed at the center 

5 of the second gap in the intersecting area. 

10 

15 

According to such construction~ the channel area is formed at the position farthest 

from the adjacent or opposite corners of the electrodes in accordance wi the above-
~ s_fb.~ 

described method, when four pixel electrodes are considered to b sed.lrbat is, it 

becomes very difficult for light to enter the channel area. 

In another aspect of the electro-optical device of the present invention, grooves 

are formed in the substrate along the scanning lines, and the scanning Jines are buried at 

least partially in the grooves directly or through an inter]ayer insulating fi1m. 

According to this aspect, since the scanning line js buried in the groove formed in 

the substrate, the generation of a step on the surface of the interlayer insulating film 

formed as the upper Jay er or on the surf ace of the pixel electrodes and ~e< o~~~ ~ 

etc. caused by the hejght of the scanning line itself can be reventedkarlier. That is, the 

surface can be leveled very well. 

rubbing process can be adequately performed for the orientation process and the orientated 

state of the liquid crystal molecules contacting the oriented film can be maintained well. 

2 0 Therefore, according to the present aspect, since the possibility of bad orientation can be 

decreased and the light leakage caused by the bad orientation can be marked] prevented~~ ~v 

it is possible to display a high-quality image. 

In another aspect of the electro-optical device of the present invention, the narrow 

width portion has a buried portion buried in the groove and extending along the scannfog 

25 line and a non-buried port.ion not buried in the groove and extending a]ong the scanning 
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line fo parallel to a buried portion, and a base of the pixe1 eJectrode is positioned high 

along the scanning Jine due to the presence of the non-buried portion. 

According to this aspect, the narrow width portion has both the buried portion and 

the non-buried portion.. The~i'Jp th of the buried portion and the-n011-buried 11ortion . 
"'I\ • /"' ~ .s:f~ • 

extend along the scanning lin the base of the pixel elcctrae ,fpr~ 

the scanning 1ine due to the presence of the non-buried portion. 

Through this construction, first, the effect assodated with the above-described 

Jeveling can be simi1arly obtained by the buried portion. That is, the surface of the 

interlayer insulating film to be formed as the upper Jay er of the buried portion, or the 

10 surfaces of the pixe1 electrodes and the oriented film have the an excel1ent leveled feature, 

and thus it is possible to reduce the possibility of having the bad orientations. 

Next, since the step including the convex portion along the scanning line is 

formed on the surface of the oriented film to be. formed as the upper 1ayer of the non­

buried portion and the like, the above-described effects of leveling cannot be obtained by 

15 the non-buried portion. However, the fo]]owing advantages can be obtained. 

First, in e1ectr~]~tica] evice according,to the resent inventfon, for the purpose 
_,,,,.,,., - .----err c.., ~_. ... sl~ 

of preventing,deteriora • the Hquid er ta], mcreasing the dev· life and reducing 

___ a_l or mcker of the displayed image, a method of dividing the pixel e]ectrodes 

into two groups and then inversely driving them in separate cycles may be employed. 

2 0 That is, a plurality of pixel electrodes including a first pixel electrode group to be· 

inversely driven at a first period and a s.econd pixeJ e1ectrode group to be inversely driven 

at a second period compensatory with the first period, are arranged in a plain on the 

substrate. There are (i) the adjacent pixel electrodes to be driven with driving voltages of 

25 

inverse polarities at the respective times in the inverse-dr~·vj (ii) the adjacent pixel 
. , • 

electrodes to be driven with driving voltages of the same y at the respective times in 
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the inverse driving. If the pixel e]ectrodes corresponding to (i) are arranged in the 

direction along the data lines and the pixel e]ectrodes corresponding to (jj) are arranged in 

the direction along the scanning lines, the pixel electrodes arranged in the direction along 

any one scanning 1ine are driven with one ~xel electrodes arranged in the 

5 direction along another scanning line adf~~ent to the al).Y _one ~ann~g line are driven with 
./ re;r-crrc.JI--- 0.. ~ .. 

an inverse polarity to the ~i{~ polarity(~ "lH inverse driving"). ___ .,,,,./ 

However, in this c~etween the p.ixtl.tleruodes-ao~~~-other along 

the data line, the horizontal electric field based on the driving voltages of inverse polarities 

is generated. Such horizontal electric field may interfere the electric field (may be 

10 referred to as vertical electric field in contrast to the _horizontal electric field) generated 

between the pixel electrode and the opposing electrode, and as a result, it becomes 

difficult to obtain the orientation state of the liquid crystal molecules as desired, so that the 

image display may be affected. 

Further, in the present aspect, in a case that such adverse effects may be caused, 

15 the convex portion formed on the base of the pixel electrode along the scanning line has a 

distinct significance. 

That is, first, when the edge portions of the respective pixel electrodes are formed 

to be positioned on the step, the vertical electric field generated between the respective 

pixel electrodes and the opposing electrode is intensified compared to the horizontal 

2 0 electric field generated between the adjacent pixel electrodes (in particular, the pixel 

electrodes inc~ tJJ~~rent pixel electrode group). That is, since the electric field 

general Afotensifies as distance between the electrodes becomes shorter, the edge 

portions o e pixel electrodes near the opposing electrode by the height of the step 

generates an intense vertical electric field. Second, whether the edge portions of the 

2 5 respective pixel electrodes are positioned on the step or not, the horizontal electric field 
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generated between the adjacent pixel electrodes (in particular, the pixel electrodes 
~ 5fct_c..V 

incJr{d in (a different pixel electrode group) is weakened by the presence of the step in 

acco~~onstant, and even by reducing (replacing partially from the 

step) the volume of the electro-optical material through which the horizontal electric field 

5 passes, the effect that the horizontal electric field has on the electro-optical material can be 

10 

15 

reduced. Therefore, the operation failure from the electro-optical mate~ch as the 

bad orientation of the liquid crystal by the horizontal electric field caused by the inverse 

driving method, can be reduced. At this time, as described above, the edge portions of 

the pixel electrode a e or not be positioned on the step and may be positioned on the 
~.,... 

inclined step or nfa]mo vertical side surface.;er .. eo~} 

In addition, since the light-shielding rt7_e~the operation failure 

caused by the electro-optical material, can be formed sma11, it is also possible to increase 

the opening ratios of the respective pixels witho~t having the bad image display, caused 

by the Jight leakage, generated 

As described above, according to the present aspect, first, due to the presence of 

the buried portion, the effects associated with lhe above-described leveling can be 

obtained, and second, by forming intentiona1Jy the step including the convex portion along 

the scanning line by the presence of the non-burie~rtio 

horizontal electric field can be ~cY."'°_....- r 

the generation of the 

2 0 In another aspect of the electro-optical • ce of the present invention, a capacitor 

electrode on a pixel potentia] side cons {ut'f#.l~ rage capacitor connected to the pixel 

electrode and a/capacitive Jine having capacitor electrode on a fixed potential side 

arranged constituting the storage capacitor arranged opposfog the capacitor electro~ 
,~.,,. 

the pixe] potential side through a dielectric film, may be~rther c~~prisel The cap • ve 

25 line has a main line portfon extendfog along the scanning line and a portion extending 
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along the data Jine, and a width of the portion extending a]ong the data Jine in the 

capacitive line is equal to or broader than that of the data line. ~ sP-..v~ 

According to this aspect, since the storage capa~ons(n;:;;fon such 

that the capacitor electrode on the pixel potential side and the capacitor electrode on the 

5 fixed potentia] sjde are arranged opposite to each other, is connected to the pixel electrode, 

the voltage of the image signal written in the pixel electrode can be maintained for a kmg 

time. ln particular, in the present aspect, since the width of the portion extending along 

the data line in the capacitive ]ine is equal to or broader than that of the data ]foe, it is 

possible to further lower the resistance of the capacitive line. Further, in the present 

10 aspect, since a low resistance of the capacitive line can be realized as described above, 

from the point of view of the whole device, the narrowness of the capacitive line and 

15 

20 

25 

--further narrowness of the storage capacitor can be accompHshed, and as a result, it is 
/ ~~~ 

possi (e to im:prmfcthe openin io. In the "narrowness of the capacitive line", since 

the capacitive ine itse]f has a width equal to or "broader than" the width of the data line 

on the surface, it may a~ be a contradiction, but the broad width and the narrow 

width should be determ-i~~m the relative relationship between the capacitive Jine and 

the data line, such that from the point of view of the whole device, the "narroV:ne~ oft e 

✓a;r-~~ capacitive Jine" can be accomplished, compared to the On!!IHltfoH art. Further , m 

the broad width and narrow width described above or the "broader than" to be described in 

the present invention, the discrete values of the width can be adequately determined 

theoretically, experimentally, experientially or~1~]ation. ,. //,~ •• • 

Further, according to the present aspect, it is possible to eff ectivti'; prevent~ 

Hght from enteri•~g the . in-fiJm transis!or,f\n particu1ar the channe] area thereof, 
&..,o..,~ 

compared to the on, ~btaining the above-described low re.sis lance. 

This is because, as described above, although in the conventiona] art, the Hght reflected 
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from the back of the data line and the Hke becomes a stray light and thus may enter the 

thin-film transistor, but according to the present aspect, the possibility that the advance of 

such stray light js shielded by the capacitive line formed in the width equal to or broader 

than that of the data line is increased. 

From the above,.according to the pres .. e· nt invention, .. ). thnfe p PW b1]e113~h a.s the cro0 
~I'--~ . .· . c~ (_:!./ 

k or lb~rn-m that prevalent m the co~on~rt can be reduced~. meoAs of-1 
/" .Y ~ 

t e resistance of the capacitive line. Further/~iJTcelhe light leak current in the thin-

film transistor is reduced, it is possible to display a high qua1ity image. 

Further, in the present invention, since the portion extending aJong the data line 

10 exists in the capacitive Jine, the area of the storage capacitor can be increased This 

markedly contributes to the image display having high qua1ity. 

Furthermore, in order to more effectively accomplish the light-shie]ding function 

described above, materials having a good Jight-shieldfog feature may be employed for the 

capacitive line. For example, singJe metal, a11oy, metal silicide, poly-silicide or 

15 laminated ]ayer thereof, containing at least one from Al (aluminum), Cu (copper), Ti 

(titan), Cr (chrome), W (tungsten), Ta (tantalum), and Mo (molybdenum) can be 

adequately employed. Further, in addition to the above, for example, light-absorbing 

materials such as poly-si1icon can be employed. 

ln this aspect, a portion overlapping the thin-fi1m transistor in the data line may be 

2 0 formed_ locally broad, and a width of the portion extending along the data 1ine in the 

capacitive line may be broader than that of the portion not formed broad in the data line 

and equal t ortion formed broad in the data line. 

By ctfon, the portion overlapping the thin-film transistor in the data 

Jine is formed ]ocalJy broad. Then, the width of the portion formed broad is equal to that 

2 5 of the portion extending along the data Jine in the above-described capacitive Jine. That 
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is, from this construction, the data line and the capacitiv_e line all formed broad are 

positioned on the thin-film transistor. Thus, the Ji 0 ht entered from the uA1per ortion of 
. __,or- r ~ <-~ 

the thin-film transistor can be more securely reventecr. -

More specifica11y, for examp1e, when the capacitive line is made up of metal 

5 havfog a high melting point, the capadtive line can independently have the Hght-shieJdfog 

ability that the transmittance thereof is about 0.1 % (2 or more in OD (Optical Density)). 

However, if the smcide forming process is performed on the capacitive 1ine, J;~ ~QJ 

composition thereof is varied and thus the Hght-shielding abiJity be ~ed. ] 

this case, only the light-shielding abi1ity having the transmittance OI-.Y.,,.,t-?'V 

1 0 obtained. 

15 

However, i t e present aspect, the data line overlapping the capacitiv
1

ep~n~.~ ~ 

lm having a high me]tfog point is fur~!~ 

con 'i-OF--t'lren . g the Jight shielding of the thin-fiJm transistor~-.::;.,_---

overlapping the capacitive line and the data line is employed, the light-shielding ability 

corresponding to the added value of these transmittances can be obtained. For example~ 
\ 

when the data Jine is made up of aluminum, etc., the Hght-shielding ability with a 

transmittance of 0.001 % or less (4 or more in the OD value) can be accomp1ished. 

Further, in the present aspect, in particuJar, that the broad width of the portion 

extending a]ong the data ]ine in the capacitive line is broad means that it is broader than 

2 0 that of the portion not formed broad in the data Jine. 

25 

Also, a portion overlapping the thin-film transistor in the data line is formed 

Joca]]y broad, and a width of the portion extending a]ong the data line in the capacitive 

line is broader than that of the portion not formed broad in the data line and narrower than 

that of the portion formed broad in the data line. 

According to this aspect, the portion overlapping the thin-film transistor in the 
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data line is formed 1oca11y broad. That js, from this construction, the data ]ine and the 

capacitive 1ine all formed broad are posjtfoned on the thin-film transistor. Therefore, the 

Jight e eredfrom the u.Pper pqrtion of the thin-fi1m transistor can be more securely 

~ ,en-"'<-~ 
p vente~ 

Furthermore, in the present aspect, in particular, the width of the portion 

extendfog along the data line in the capacitive line is formed narrower than that of the data 

line. That is, in the portion, the width of the data line is narrower than that of the 

capacitive line. From this construction, for example, when the data line is made up of 

aluminum having a high Jight reflexibility, a stray light generated by reflecting the 

10 incident light by any element in the electro-optical device, a Jight returning to the eJectro­

optical device after a Iight emitted from the e]ectro-optica] device is reflected by any 

element outside of the electro-optical device or ina proje. ction t pe display dev~ch as - u,,..,, 

15 

20 

a color-displayab1e Jiquid crystal project · ctro-optical 

devices, a light emitted from other e]ectro-optica] device and generated by returning to the 

js reflected by the data line to thereby prevent the stray Jight from 

being increa 

narrower tha 

is is because the portion of the data Jine formed broad is relatively 

In this aspect that has the data line having a portion overlapping the thin-fi1m • 

transistor formed broad, the capacitive line is arranged at the overlapped position between 

the thin-film transistor and the d 

portion provided with a contact 

broad in addition to the portio 

the data Jine may be constructed such that the 

the thin-fi1m transistor is formed 

From this construction, even when the capacitive ]foe as the Hght-shieJding fi1m 

could is not provided, the decrease in the light-shielding abflity can be compensated by 

2 5 formi~g broad the data line for the contact hole. 

Page 199 of 395



,;Ji 
,_C,J,_ ,,,d>,,.,1>,!b,, 

l QO,±.M 
- 18 -

A1ternative1y, for each thin-fi1m transistor, the data line is formed continuously 

broad from the portion overlapping the thin-film transistor to the portion in which the 

contact ho]e is provided. 

From this construction, the light shielding of the thin-film transistor can be more 

5 securely accomplished. 

Further, the portion formed broad in the portion overlapping the thin-film 

transistor and the portion formed broad in the portion in which the contact hole is provided 

may be separately formed broad. If arranging the portion overlapping the thin-film 

transistor and the portion in which the contact hole is provided close to each other and 

10 forming them continuously broad as in the present aspect, since the area to be formed 

broad need not be exceedingly broad, His advantageous from the point of view of not 

increasing the inner reflection. 

15 

In another aspect of the eJectro-optical device of the present invention, another 

substrate opposing the substrate through an eJectro-optical material and a light shielding 

~ P~v-~ fiJm formed on the another substrate may be fort 1:::priief,ahd the~ the data 

line and the width of a portion extending a]ong the data line in the capacitive line are 

narrower than that of the light-shielding film. 

From this aspect, if it is assumed that the light is entered from another substrate, 

the laminated structure of the light-shielding film, the data line and the capacitive Jine in 

2 0 the order from the ]j ght incidence side can be constructed. The width of the former is 

broader than those of the latter two. That is, the advance of the incident light js blocked 

by the broader light-shielding fi1m, and only the light passing through it reaches the data 

line and the capacitive Jine. Further, when the light passjng through the light-shielding 

film reaches the data line and the capacitive line, the data line and the capacitive line can 

25 be expected to perform the above-described Hght-shfr]ding function. In short, according 
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to the present aspect, it is possible sistance of the thin-film transistor 

and to reduce the generation of the hg 

Further, if the pixel electrodes are arranged in a matrix shape, the "light-shielding 

film" in the present aspect may be formed in a stripe shape or a lattice shape to extend 

5 through spaces between the pixel electrodes. Furthermore, according to circumstances, 

the light-shielding film may be formed as a laminated structure made of, for example, a 

light-absorbing mat8'ch as chrome or chrome ownd a light-reflecting mate!:) 

such as aluminum. . ~ 

An electronic apparatus of the present invention 

10 descdbed electro-optical device (including various aspects). 

15 

/. Acco~~ elec onic apparatus of the present invention, for example, since 

it ,;ompds6 the el -optical device capable of adequately adjusting the arrangement 

ween the thin-film transfator and the scanning line, it is possible to realize various 

eJectronic appara~uch as a liquid crystal projector, a liquid crystal television, a • 

portable phone, a~ronic pocket book, a word pr9.cessor, a view t)illder type or monitor 
1/ _Jj cJ.~ JffJ-~ -

direct vision-type videotape recorder, a works aikn, a r~o-phone s termina], and 

a touch pa~ap-:ilife of precise operatioll o 

image -r(p1ay)~ ,(or L.->,eo.~, 

f the present invention wi11 be more 

2 0 apparent from the fol]o 

25 

FlG~ 1 is ali;~~11ustrating an equivalent circuit of various elements, 

wirings and the Hke provided in a plurality of pixels, having a matrix shape&'i constituting 
. • ~\cvt 

an image display area in an eJectro-optica] device accordi to anfehlbodiment o e 
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present inventionj 

FIG. 2 is a plan view of a group of adjac~ixe1s in a TFf array substrate 

where data ]foes, scannin lines, pixe] electrodes are formed in the electro-optical device 
r-•/.-

accordi f the present invention_; . 

5 onal view taken al g a Ji G. 2_j 

FlG. 4 is a plan view i11ustrating only a shape pattern of the scannfog lines shown 

in FIG. 2j . . p Le,,-c- -A<!.,,.Jo,,J 

FlG. 5 is a diagram w11kt1"e so, p 1tf!86~ as FIG 2 and mustrat~ther ~•vl~t' 

embodiment in which the arrangement of the scanning Jines and the TFTs is different from 

10 that in FlG. 2; 

FlG. 6 is a plan view i11ustrating only a shape pattern of the scanning Jines shown 

in FlG. 5j . ~ . 

FJG. 7 is a sectional view taken ~ FJG. ~ f<,,.,.. v-.,,_,_, 

FIG. 8 is a diegrnm wjtJ, tlui ~ame purpose as FIG 2 an~strat,/;~ther e~ &>a.,t>lcv-t' 

15 embodiment different from that in FJG. 2 in that grooves are formed on the TFT array 

substrate and the scanning Jines are buried in the grooves; 

FIG. 9 is a sectional view il]ustrating a profile of a narrow width portion of the 

scanning Jines shown in FIG. Sj flw- ~,e.-v-' 
1 

FIG. 10 is a efagraff.l wilh thc/4,c pmpeisc M nc. 2 an@ iJlustrat~other e:,,,.L."4W I' 

20 embodiment different from that in FIG. 2 in that grooves are formed on the TFT array 

substrate and a part of the scanning lines are buried in the groove5 

FIG. 11 is a sectional view illustrating a profile of a narrow width portion of the 

scanning line shown in FIG. 10j 

FIG. 12 is a sectional view taken 
s 

25 FIG. 13 if. ;...ai!re~~,murv,:jtfaJ~rm-te.rce~x:pp]ainfog the generation of a horizontal 
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electric fieJdj . 

FJG. 14 is a diag:i'.'a~h ;;;~e pmpose as FlC. 2 aoo.i11ustra~~other ~•0
/' lcv4' 

embodiment djff erent from that in FlG. 2 in that grooves are formed on the TFT array 

substrate and the narrow width portion of the scanning line is deviated from the center of a 

firstgapj ~ 

FIG.15 is a sectional view taken a]ong~T-T' in FIG. 14j 

FIG. 16-i a di0gra~k,\1i;"::-;:: J3Hr13sse os AG. 2 SB&illustrat~~other ~,.J\o.r f 
~~ 

embodi ifntrth shape of the data line is different from that in FIG. 2j 
rtCN-C., 

FIG. 17 is a sectional view taken along~ P-P' in FIG. 16j 

FIG. 18 is a sectional view taken along~~ FIG. 16j 
()~ 

FIG. 19 is a sectional vi;aw tak a)ong ~-R' in FIG. 1~ 
re--

FIG. 20 is a plan view whe e TFT array substrate of the e~o-optica1 device 

d• t:"h,,-~ --'b~ a•! l~oJ~t~ • • • /fv-~h. • b accor mg t~ . .,e present rnvent10n 1s S@,@,t} rom t e opposrng su strate 

side along with the respective e1ements fonn~~~-re:~ (~J. 
FJG. 21 is a sectional view taken al~rlG. 2Oj 

-~ • 

FJG. 22 is a schematic sectional view illustrating a c~lor liquid crystal ojector 

that is an example of a projection type color display apparat as aJ'mbod· of an 

electronic apparatus of the present invention. 

la 

la' 

SEMJCONDUCTOR LAYER 

CHANNEL AREA 

SCANNING LINE 

BROAD WlDTH PORTJON 
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PIXEL ELECTRODE 

10 ~~,¥:?,rJ 
-----·.~-- --· •.• ·····" -·-· - ··•··- ....... ·····--· .. ~---·--·-·.. . . ,,,,..-

(°ET AJLED DESCRJP11?N OF PREffR-RED EMBODIME~:~ 

- { ~ Jfref "!JJ'~fubOdirj, enf ;:i5f1fic preseni;i·~~e~i~ with 
' ~-- ( ~ -· . ...-e-e~ .. t, 

reference tofh·~ drawing-s:-·· Tiifo11qwin§lemb?diments, an electro-optical device of the 
'••---s•~---•"-· 

present invention is applied to a 1iquid crysta] device. 

15 First, a construction ofa pixel part in !he electro-optical device accordin~ 

embodi~n::f ti;~~ ained with reference to FJGs. 1 to 4. 

l~ows an equivalent circuit of • s elements, wirings and the like in a plurality of 

-s-.fer-med • matrix shape constituting an image display area 10a of the electro-

optkal device. FIG. 2 is a plan view of a group of a plurality of pixels adjacent to each 

2 0 other on a TFf array substrate in which data lines, scanning lines, pixel electrode and the 
p~ 

25 

like are formed. Further, FlG. 3 is a sectional view taken al g .a-li-£A-A' i . 2. 

Fur!her, in FIG. 3, in order for each layer and each member to have recognizable si€:s ...r 3 
the drawing, different scales are applied to each layer and each member. Furthermore, 

FIG. 4 is a plan view illustratfog shapes of only the scanning Jines extracted from FIG. 2. 

Jn FIG. 1, in the plurality of pixels formed in a matrix shape constitutfog the 

Page 204 of 395



. . 

Y86'15J,S 
- 23 -

image display area of the e1ectro-optica] device according to the pre em • • 

pixel electrode 9a arid a T switching of the pixel electrode 9a are 

formed, respective]y, and data mes 6a supplied with image signals are e]ectrically 

connected to sources of the TFfs 30. Image signals Sl, S2, ... , Sn to be, in this order, 

5 written may be sequentially supplied to the data lines 6a, or may be supplied to each group 

which has a plurality of data lines 6a adjacent to each other. 

Further, scanning lines 330a are electrically connected to gates of the TFfs 30 and 

at a predetermined timing, scanning signals Gl, G2, ... , Gn are pulse-like applied to the 

scanning lines 330a in that order. The pixel electrodes 9a are electrically connected to 

10 drains of the TFfs 30, and by dosing switches of the TFfs 30, that is, switching elements 

for a predetermined time interval, the image signa]s Sl, S2, ... , Sn suppJied from the data 

Jines 6a are written at a predetermined timing. 

A predetermined level of the image signals Sl, S2, ... , Sn which have been 

written through the pixel electrodes 9a to a liquid crystal that is an example of an ekctro-

15 optical material are maintained for a predetermined time interval between the pixel 

electrode 9a and an opposing electrode formed on an opposing substrate. The Jiquid 

crysta] modulates light by varying orientation or order of molecules according to the 

app]ied voltage Je~d thus it js possib]e to execute the gradation display. 1f it is in a 

normally-white mode, transmittance for the incident Hght is decreased in accordance with 

20 

25 

the voltage app]jed in a unit of pi~d if it is in a normally-black mode, the 

transmittance for the incident lig\rt-<s'increased in accordance with the voJtage applied in a 

unit of pixel. Therefore, as a whole, light having a contrast responsive to the image 

signals is emitt~ from tllf. eJectro-optica] pevice. 
/ r~uc..e_ or 

I~o~event the maintai a image signals from being Jeaked, a storage 

capacitor 70 is adaeo m para ]e) to a liquid crystal capacitor formed between the pixel 
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e]ectr~de 9a an~e opposing electrode. 

~ore specific construction of the electro-optical device in which the 

above-described circuit operation is executed by using the data lines 6a, the scanning lines 

330a, the TFfs 30 and the ,;~i11 Ii€ ~.,)ained with reference to FJGs. 2 ~nd 3. 
~•· . ~..,/) le:tr~ 

5 First, the e}ectro-optical device according to ,t;J;,e ntkrnbodiment ~hd...~~ 

FJG. 3 which is a sectional view taken along :.1 111'°" A-A' in Fl . (CQ+IlJ)ds✓a ~~ 

substrate 10 and a transparent opposing substrate 20 arranged oppos~ The TFf 

array substrate 10 is made of, for example, a quartz substrate, a glass substrate or a si1icon 

substrate, and the opposing substrate 20 is made of, for examp]e, a gJass substrate or a 

10 quartz substrate. 

As shown in FJG. 3, the TFf array substrate 10 is provided with a pixel electrode 

9a, and an upper portion of the pixel electrode is provided with an oriented fi1m 16 which 

has been subjected to a predetermined orientation procv as a rubbing process. The 

pixel electrode 9a is made of, for example, a transparent conductive fi]c;Pch as an ITO 

15 (Indium Tin Oxide) film. 

20 

The opposing substrate 20 is provided over the whole surface thereof with an 

opposing electrode 21, and a lower portion of the electrode is provided with an oriented 

fi1m 22 which has been subjected to a predetermined orientation proces~h as a rubbing 
CV . 

process. The opposing electrode 21 is made of, for example, a transparent f215uch as 

an ITO fi1m. 

Next, in FIG. 2, a plurality of pixel electrodes 9a (profiJes thereof are indicated by 

dotted Jines 9a') are provided in a matrh shape on the TFf .array substrate 10 of the 

electro-optical device, and data ]foes 6a of aluminum films and scanning Jines 330a of 

poly-silicon films are provided along horizontal and vertical boundaries of the pixel 

2 5 e1ectrodes 9a. 

Page 206 of 395



ft)5'5'5i6-
- 25 -

Each scanning ]foe 330a is arranged opposite to a channel area la' indicated by 

oblique Jines area extending from lower left to upper right in the semiconductor layer la 

of a po]y-smcon film and functions as a gate electrode. That is in ortions 

scanning lines 330a and the data lines 6a are intersected, TFTs 

5 where broad width portions 331a (to be exp]ained later) of the sea 

The intersecting area means an area where, in plan view, a first Jong gap (X direction in 

10 FIG. 2) extending through a space between adjacent pixel electrodes 9a sandwiching the 

scanning Jines therebetween and a second Jong gap (Y direction in FIG. 2) extending 

through a space between adjacent pixel electrodes sandwiching the data line 6a 

15 

n, are intersected. 

ifica11y, with reference to FIG. 2, the intersecting area corresponds to, for 

example, a position farthest from each of a lower-right comer of the pixel electrode 9a 

shown on the upper-left side of the plan view, a 1ower-1eft corner of the pixel electrode 9a 

shown on the upper-right side, an upper-right corner of the pixel electrode 9a shown on 

the lower-]eft side and an upper-left corner of the pixel electrode 9a shown on the lower-

right side of the plan view. Since the TFf 30 is formed at such position, it is difficu]t for 

2 0 an incident light to directly enter the channel area la' of the TFf. 

The TFf 30, as shown in FIG. 3, has an LDD (Ught]y Doped Drain) structure, 

~✓a~j4&. and ~e a channel area a' of the semiconductor layer la where a channel is formed 

by an e ectnc field from the scanning ]ine whkh functfons as a gate elect de as described 

above, an insulating film 2 having a gate insulating r m ~~u]at~ t canning line 

2 5 330a from the semiconductor layer la, a Jow-concentratl 
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concentration drain area 1c, a high-concentratfon source area 1d and a high-concentration 

drain area le. 

. Further, although it js preferable that the T~- 30. has. the L~~ stru~:-~,re as };!.-oV:,~ ... ~~~ 
m FIG. 3, the TFf 30 may have an offset structure rn which 1mpunties are[preventect£om p 
befog infiltrated into the low-concentration s9ui~rea 1b and the ow-con~rai,,,_;..•1...-1----

/ ~. v 
area le, or may be a self-alignment type 7'FT ~ infiltrati,rg • purities at high 

concentration using the gate electrode con'stitlllin 

mask to automatically form the high-concentr ource ar e high-concentration 

drain area. Furthermore, although, in the pr bod· FT 30 has a sing]e 

10 gate structure where only one gate electrode vi---U.lJ;;.,....,,t:" 

15 

20 

between the high-concentration source area ld and the high-concentration drain area le, 

the TFT may have a dual, triple or more gate structure where two or more gates are 

disposed therebetween. Furthermore, the semiconductor layer la constituting the TFT 30 

is not Jimited to the po]y-sj]icon film, bift way be made of aR amqrpho~ silicon film or a L rr~~~J\ok,,,-~f;jl~> =r 
monocrystalline siJicon (1rn. A'known metho':>uch as a pasting method can be 

employed in formation of'th.~~-i~. By employing the 

monocrystalJine silicon film for the semiconductor layer la, it is possible to promote a 

high performance of !!)e peripheral circuits. 
/.1 ~(cv-t • 

ln the P. :esentkmbodiment, f, e scanning line 330a serving as the gate 

electrode of t rtion serving as the gate electrode, that is, a portion fadng the 

channel area la' of the TFT 30 is formed broader than the other portion, as shown in FlG. 

2. That is, in FIG. 2, the scanning Jine 330a has a broad width portfon 331a extending in 

the Y directfon in FlG. 2 to correspond to the channel area 1a' extending in the Y direction 

in FIG. 2 and a narrow wjdth portion 332a extending through a space between the adjacent 

25 pixeJ e]ectrodes 9a. In FlG. 4, for the purpose of simplifying the illustration, on]y the 
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shape pa1tern of the scanning line 330a j~. \ 

J h • • • h - ,--~b a· orh
1 

d ·a h • 331 • n t 1s connect10n, rn t e esenuem o 1ment, t e oa w1 t portion a 1s 

lengthened from the narrow widthl3Clll.loa~r.z That is, the broad • th portion 331a 

5 

and the narrow width portion 3~2q,.are inte&rally formed. u htsb~ an be easily 
,~~ or~ \o....W-IJ..o--,b :., ~_r-

formed, for example, by using afknown photolithography an e ching, on the assumption 

---~~-1hat-a-pattern-having-an-in-tegrated-shape-332a-(see-FIG.4}c0mp0s~d-0f-the-broad-w-idth 

portion 331a and the narrow width portion 332a is formed. However, the present 

invention is not limited to such shape, and includes, for example, even shapes where the 

broad width portion 331a is formed by connecting other conductive member prepared 

10 separately to the narrow width portion 332a, within the scope thereof. 

The storage capacitor 70 shown in FJG. 1 js constructed such that a junction layer 

71 as the capacitor eJectrode on the pjxe] potentfal side connected to the high­

concentration drain area le of the TFr 30 and the pixel electrode 9a and~ part of the 

capacitive Jine 300 as the capacitor electrode on the fixed potential side are arranged 

15 opposite to each other via an dielectric film 75, as showninFIG. 3. 

20 

25 

4,,/'-·'W-....~~~ I 

storage capacitor 70, it is possible to markedly • the potenti aintenance 

characteristics in the pixel electrode 9a. 

The junction layer 71 is made up of, for example, the conductive poly-silicon film 

and serves as a capacitor electrode on the pixel potentia] side. However, simi]ar to the 

capacitive line 300 to be explained i etai] ~.~j~ • n layer 71 may be made of a 

Jn addition to the function 

the TFf 30 to each other through contact hoJes 83 and 85. 

By using such junction layer 71, ever the distance between layers is as long as, 

J)f./ 
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for example, 2000nm, both ]ayers can be connected well to each other through serial 

contact holes having two relatively small diameters '\Vhile avoiding the technical difficulty 

of connecting both layers to each other through one contact hole, so that an opening ratio 
/_,---, 

of phe] can be increased. Further, in opening the contact hole, it is helpful to pre<ent O ;'~v c.,4,/ 

5 punchthrough in etching. 

The capacitive line 300 is made of, for example, a conductive film containing 

metal or alloy, and serves as a capacitor electrode on the fixe otential side. The 

capacitive line 300 is formed overlapping an ar e scanning. Jine 330a from 

a pJan view, as shown in FIG. 2. 

10 line portion extending along the scanning Jine 330a, a protruding portion protruded 

upwardly in the Y direction along the data Jine 6a from a portion intersecting the data line 

6a and a constricted portion where the portion corresponding to the contact hole 85 is 

slighlly constricted. The protruding portion contributes to increase in the~ 

form@e storage capacitor 70 by using the area on the scanning line 330a and the area 

15 below the data line 6a. 

20 

25 

Further, the capacitive line 300 is made of, for example, single meta], alloy, meta] 

silicide, poly-silicide or Jaminated Jayer thereof, containing at Jeast one of meta]s having 

high melting p?2· uch as Ti, Cr, W, Ta, Mo, and in addition to the function as a capacitor 
~ • 

electrode on the ixed potential side of trye stora apacitor 70, the capacitive Jine 300 has 

a function as a light-shie]ding layer TFf 30 from the incident Hght on the 

upper side of the TFT 30. 

structure in which a first fiJm made of a conductive poJy-siJicon film and the like and a 

second film made of a meta] smcide film containing meta] and the 1ike having high 

melting point are stacked. 

Furthermore, preferably, the capacitive line 300 extends from the image display 
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area in which the pixel electrodes 9a are arranged to peripheries thereof, and is electrically 

connected to a potentiostatic source to be a fixed potential. Such potentiostatic source 

may be a potentiostatic sou~h as a pJus power source or a minus power source 

supplied to a data Jine driv~rcuit to be explained later, or may be a potentiostatic 

source supplied to the opposing electrode 21 of the oppo~:r~ • 

A dielectric film 75, as shown in FIG. o/1s ~nstructed of • con oxide fiJm 

such as a HTO (High Temperature Oxide) fi1m ~ w Temperature Oxide) fi]m 

having, for example, a relatively thin thickness of about 5-200nm, or a silicon nitride film. 

From the point of view of increasing the capacitance of the storage capacitor 70, the 

10 dielectric film 75 should be preferably as thin as possible as long as the reliabiJity of the 

fi1m is sufficiently maintained. 

In Fl Gs. 2 and 3, in addition, the lower side of the TFf 30 is provided with a 

lower light-shielding film lla. The lower light-shielding film 11a is patterned in a lattice 

shape, and as a result, the opening area of each pixel is defined. Further, the opening 

15 area may be defined by the· intersection of the data line 6a extending in the Y direction in 

FIG. 2 and the capacitive line 300 extending in the X direction in FIG. 2. Furthermore, 

similar to the case·of the-abov.e-described capacitive line 300, the lower light-shielding 

film 11a ay be for1~ extending from the image display area to the peripheries thereof 

to be connec e to a potentiostatic source so that the potential variation has no adverse 

20 effects on the TFf 30. 

nsulating film 12 is provided below the TFf 30. In addition to 

g the TFf 30 from the lower light-shielding film 11a, since the 

2 5 30 for pixe] switching caused by rough polished surface of the TFT array substrate 10 or 
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contaminants left after washing. 

In addition, a first interlayer insulating film 41 which has a contact ho]e 81 

communicating with the high-concentration source area ld and a contact hole 83 

communicating with the high-concentrating drain area le, respectively, is formed on the 

5 scanning Jine 330a. 

10 

The junction layer 71 and the capacitive line 300 are formed on the first interlayer 

insulating film 41, and a second interlayer insulating film 42 which has a contact hole 81 

communicating with the high-concentration source area ld and a contact hole 85 

communicating with the junction layer 71 are formed respectively on the junction layer 71 

and the capacitive line 300. ~ ort 
Furthermore, int presentfembodime , y baking the first interlayer insulating 

fi1m 41 at about 1000°C, ons injected into the po]y-siHcon film constituting 

the semiconductor 1ayer la or the scanning line 330a may be intended. On the other 

hand, by not baking the second interlayer insulating film 42, relief of stress occurring in 

15 the vicfoity of the interface of the capadtive line 300 may be intended.· 

The data line 6a is formed on the second inler1ayer insulating film 42, and above 

them a third interlayer insulating film 43 which has a contact hole 85 communicating the 

junction layer 71 is formed. 

The surface of the third interlayer insulating film 43 is leveled by means of CMP 

2 0 (Chemical Mechanical Polishing) process, and as a result, the orientation fai1ure of the 

liquid crystal layer 50 caused by a step generated by vadous wirings or elements below 

the third interlayer insulating layer 73 can be reduced. 

s,(~ \ 
However, in place of performing the JeveJjng process for ~he t • d intfjirlayer 

insulating film 43, or in addition to it, a groove, in at Je t one /o the TFf array s sfrate 

25 10, the base insulating film 12, the first foter]ayer insulating r 
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ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to an electro-optical device capable of 

performing active matrix drive. The invention also relates to an electronic apparatus 

incorporating such an electro-optical device. 

2. Description of Related Art 

[0002] The related art includes an electro-optical device including a pair of 

substrates constructed to sandwich an electro-optical material, such as a liquid crystal, 

therebetween and electrodes provided in each of the pair of substrates to apply an electric 

field to the electro-optical material. The electrodes are used to apply an electric field to the 

electro-optical material to vary the state of the material. According to such an electro-optical 

device, for example, when the light emitted from a light source enters the device and the state 

of the electro-optical material is varied, it is possible to control the light transmittance and 

thus realize desired image display. 

[0003] Moreover, in related art electro-optical devices, by providing pixel 

electrodes arranged in a matrix shape, thin-film transistors (hereinafter "TFT") connected to 

the respective pixel electrodes, and scanning lines and data lines connected to each ofTFTs 

and provided in parallel to a row direction and a column direction, respectively, on one of the 

pair of substrates, active matrix drive can be performed. As a result, for each pixel defined 

by the pixel electrodes or the scanning lines and the data lines, it is possible to control the 

electric field applied to the electro-optical material and to control the light transmittance. 

SUMMARY OF THE INVENTION 

[0004] However, in the related art electro-optical devices, there are the following 

problems. That is, for an electro-optical device capable of performing the above active 

matrix drive, it is required to precisely drive the TFTs. However, precisely driving the TFTs 

is a difficult task while satisfying the high precision and miniaturization requirements 

imposed in related art electro-optical devices. 

[0005] A TFT includes a semiconductor layer having a channel area, a source area 

and a drain area, and a gate electrode formed through an insulating film to cover at least a 

part of the channel area of the semiconductor layer. By applying or not applying the electric 
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field to the channel area in accordance with the current applied ( or not applied) to the gate 

electrode, the current flow can be controlled. 

[0006} At this time, the length of the channel area, referred to as "channel length" or 

a width thereof, referred to as "channel width", that is, the size of the channel area is, is 

impmiant to determine the characteristics ofTFTs. Further, an arrangement of the gate 

electrode on the channel area is also a very important factor. In this regard, in the related art, 

a conductive member electrically connected to the scanning line or a member constituting a 

part of the scanning line, can be used as the gate electrode. However, there are problems in 

arranging the scanning line itself and the channel area. 

(0007] In short, it is beneficial or required to realize a suitable arrangement of the 

channel area ( or TFT) and the scanning line ( or gate electrode) while realizing the high 

precision required in the electro-optical devices. Further, it is beneficial or required to realize 

the difficult task of precisely operating the TFT constructed as such. 

[00081 For example, it is not sufficient to only drive the electro-optical device by 

the TFT, and the scanning line ( or the gate electrode) and various elements are additionally 

required. However, it is generally difficult to accomplish the above arrangement or 

adjustment in connection with various other elements. Further, in the TFT, there is a 

disadvantage if it is required to prevent the light leakage current which is generated by the 

light entering the channel area. That is, it is preferable that the TFT is arranged as far as 

possible from a light-transmitting area, which is an area that the light contributes to image 

display in each pixel emitted through transmission or reflection, more specifically, from the 

pixel electrode .. However, since this should be realized while satisfying the requirement of 

high precision, there is a further disadvantage in that the above arrangement/adjustment 

becomes an even more difficult task. 

[0009} The present invention address the above and/or other problems, and provides 

an electro-optical device capable of easily adjusting the arrangement of a gate electrode and a 

scanning line and capable of precisely driving TFT and an electronic apparatus including the 

electro-optical device. 

[001 OJ In order to address or solve the above problems, the electro-optical device of 

the present invention includes, on a substrate, scanning lines extending in a predetermined 

direction, data lines extending in a direction intersecting the scanning lines, thin-film 

transistors fonned correspondingly to intersecting areas of the scanning lines and the data 

lines, and pixel electrodes formed correspondingly to the thin-film transistors. The respective 
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scanning line has a broad width portion as a gate electrode in a portion facing a channel area 

of the respective thin-film transistor and a narrow width portion in the other portion. 

[00111 According to the electro-optical device of the present invention, by 

supplying scan signals and image signals to the thin-film transistors through the scanning 

lines and the data lines, the pixel electrodes can be driven in an active matrix mode. 

[0012) More specifically, in the present invention, since the scanning lines have the 

broad width portions as the gate electrode in a portion facing the channel area of the thin-film 

transistor and the narrow width portion in other portion, it is not only possible to realize the 

narrowness of the scanning line but also to more easily adjust/determine the arrangement 

between the channel area (or the thin-film transistor) and the scanning line than in the related 

art. 

[0013] For example, when a plurality of pixel electrodes are arranged in a matrix 

shape, it is generally preferable that the thin-film transistor are configured such that the 

channel area of the thin-film transistor is positioned at the position farthest from the corner of 

each pixel electrode, that is, at the center position of a space among adjacent and opposite 

corners of the pixel electrodes when four pixel electrodes are considered (because it is 

farthest from the light transmitting area). However, in this case, by allowing the channel area 

to extend through a space between adjacent pixel electrodes including the center position, it is 

possible to adequately determine the channel length, and by arranging the scanning line to 

intersect it, it is possible to realize a structure that the broad width portion of the scanning line 

exists on the channel area. Therefore, in this case, it is possible to simultaneously realize the 

trade-off requirements in securing the adequate channel length, that is, securing an adequate 

operation characteristic of the thin-film transistor and the narrowness of the scanning line, 

required for high precision or miniaturization of the electro-optical devices. Further, in this 

case, the light incidence to the thin-film transistor or the channel area can be prevented as 

much as possible or reduced under the above-described assumption. 

(0014] Like the above, according to the present invention, it is possible to 

adequately adjust the arrangement between the thin-film transistor and the scanning line or 

the gate electrode while satisfying the high precision requirements of the electro-optical 

devices. Further, this structure renders a good outcome even after arrangement of various 

elements constituting the electro-optical device has been adjusted and determined, in addition 

to the above scanning line and the thin-film transistor. Furthermore, according to the present 

invention, it is possible to precisely drive the thin-film transistor, and thus maintain the 

quality of image to be displayed at high level. 
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[0015] Further, in the present invention, "broad width" means that it is broader than 

the width of the "narrow width portion," and "narrow width" means that it is narrower than 

the width of the "broad width portion". In short, the broad and narrow degree of "the broad 

width portion" and the "narrow width portion" is determined in accordance with the relative 

relationship between them. Furthermore, the real width of the broad width portion or the 

narrow width portion can be adequately determined theoretically, experimentally or by 

simulation. 

[0016] In one aspect of the electro-optical device of the present invention, the broad 

width portion has a portion lengthened from the narrow width portion. 

[0017] According to this aspect, it is possible to form the scanning line relatively 

easily having the broad width portion and the narrow width portion. More sp,ecifically, for 

example, by employing known, related art or later developed photolithography and etching 

methods with the assumption that the broad width portion and the narrow width portion are 

formed through the incorporated pattern, the scanning line according to the present aspect can 

be easily formed. 

(0018] In another aspect of the electro-optical device of the present invention, the 

• broad width portion has a portion connected to the narrow width portion. 

[0019] According to this aspect, for example, the broad width portion includes the 

portion formed by connecting a conductive member and the like prepared separately to the 

narrow width portion. Even in this case, the broad width portion can be formed relatively 

easily. 

[0020] In another aspect of the electro-optical device of the present invention, the 

scanning line extends in a direction intersecting the direction in which the channel area 

extends and the broad width portion extends in a single direction or bi-directionally in which 

the channel area extends. 

[0021] According to this aspect, since the broad width portion extends in the single 

direction or bi-directionally in which the channel area extends, it is possible to more 

adequately adjust the arrangement of the thin-film transistor and the scanning line. Further, 

according to this aspect, since the gate electrode is adequately formed in accordance with the 

channel length, the electric field can be more effectively applied to the channel area. 

[0022] Further, like the above, according to the aspect that the gate electrode, that 

is, the broad width portion is provided in the portion to be the channel area corresponding to 

the channel area, for example, the so-called self-aligned formation of the thin-film transistor 

(that is, formation of the source area and the drain area adjacent to the channel area through 
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an ion implantation process using the gate electrode as a mask) can be easily executed. 

However, in this case, strictly speaking, the channel area is formed by carrying out the ion 

implantation process after forming th~ broad width portion to be the gate electrode. 

(0023) In another aspect of the electro-optical device of the present invention, the 

pixel electrodes are arranged in a matrix shape and the channel areas are formed in an 

intersecting area in which a first long gap extending through a space between pixel electrodes 

sandwiching of the scanning line and being adjacent to each other and a second long gap 

extending through a space between pixel electrodes sandwiching the data line and being 

adjacent to each other are intersected. 

[0024] This aspect is similar to the above mentioned aspect and is one of the aspects 

in which the operational effect of the present invention is exhibited most effectively. 

[0025] That is, according to this aspect, the channel area of the thin-film transistor 

is formed in the intersecting area of the pixel electrodes arranged in a matrix shape. The 

intersecting area is an area in which the first long gap extending through a space between 

pixel electrodes sandwiching the scanning line and being adjacent to each other and the 

second long gap extending through a space between pixel electrodes sandwiching the data 

line and being adjacent to each other are intersected in plan view. By such a configuration, it 

is difficult for light to enter the channel area. 

[0026] Further, along with such an operational effect, since the scanning line has 

the broad width portion as the gate electrode is opposite to the channel area, the arrangement 

between the channel area (or the thin-film transistor) and the gate electrode (or the scanning 

line) can be determined most adequately and it is also possible to secure the adequate channel 

length and narrowness of the scanning line. 

[0027) In this aspect, in particular, the narrow width portion is formed at a position 

deviated from a center of the first gap and the broad width portion, is formed at the center of 

the first gap in the intersecting. area. 

[0028) According to this configuration, the narrow width portion of the scanning 

line extends through the space between the adjacent pixel electrodes but does not exist at the 

center thereof and is formed at the position deviated from the center thereof. As a result, 

first, the enhancement in the quality of the displayed image can be obtained, especially for 

the liquid crystal display device that is an example of the electro-optical device, and the 

reason thereof is as follows. 

(0029) That is, in the present aspect, when performing the rubbing process on a 

convex portion on the oriented film normally provided in the liquid crystal display device, in 
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particular, a convex portion formed by "height" of the narrow width portion, nonuniformities 

are usually generated in the convex portion. Further, it is considered that the degree of 

nonunifonnity is different from each other in the portion associated with the rubbing up 

convex portion (that is, the direction ascending to the convex portion) and the portion 

associated with the rubbing down convex portion (that is, the direction descending from the 

convex portion). 

[0030] More specifically, for example, it is more difficult to generate nonuniformity 

in the portion associated with the rubbing up convex portion than in the portion associated 

with the rubbing down convex portion. 

[0031] Further, if the nonuniformity is left as it is, a poor orientation of the liquid 

crystal may be caused to result in the operation failure of the electro-optical devices. In the 

difference in the degree ofnonuniformity between the rubbing-up process and the rubbing­

down process, the latter has greater possibility to cause the bad orientation of the liquid 

crystal than the former. 

[0032] It is significant that the narrow width portion of the present aspect is formed 

at a position deviated from the center of the first gap between the pixel electrodes. That is, if 

the narrow width portion is formed at the above-described position, the vertex of the convex 

portion caused by the narrow width portion is also formed at the position deviated from the 

center of the first gap, and this means that it is possible to form almost only half inclined 

surface of the convex portion on the area corresponding to the first gap, that is, to form only 

the portion associated with the rubbing-down on the area. Further, in this case, if the light­

shielding film is provided corresponding to the first gap, it is possible to effectively shield 

only the portion associated with the rubbing-down, that is, to effectively shield the 

corresponding portion of the convex portion to be most influenced by the nonuniformity. 

[0033] As a result, according to the present aspect, since the operation failure of the 

electro-optical device caused by nonuniformities can be substantially prevented or reduced, 

and the portion of the convex portion associated with the rubbing-up, which is not affected by 

nonuniformities, is able to transmit the light contributing to the image display. Thus, it is 

possible to enhance the opening ratio of pixel, that is, to provide a brightened image display. 

As a result, according to the present aspect, from the above-mentioned point of view, the 

enhancement in the display image can be obtained. 

[0034] Further, by forming the narrow width portion at the position deviated from 

the center of the first gap, it is also possible to enhance the degree of freedom in designing 
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the electro-optical devices and to more effectively prevent or reduce light from entering the 

thin-film transistor. The reason thereof is as follows. 

[0035] That is, in the present aspect, the narrow width portion extends through the 

first gap between the adjacent pixel electrodes, but does not exist at the center thereof. For 

this reason, by using the area in the first gap where the narrow width portion is not provided, 

in a plan view, it is possible to provide other wires, such as the capacitive line made up of the 

same film as the narrow width portion, in parallel to the narrow width portion. That is, the 

degree of freedom of design is increased. 

[0036] Further, in the above-mentioned case, although the narrow width portion is 

deviated from the center thereof, it is possible to arrange the broad width portion as the gate 

electrode at the center of the gap, by adjusting the width of the broad width portion, for 

example, by broadening only one side or by broadening one side more than the other small 

side. Like the above, since the gate electrode can be arranged at a position advantageous to 

increase the light-shielding ability regardless of the position of the scanning line, or since the 

scanning line can be arranged at an arbitrary portion in the gap while arranging the gate 

electrode at the position advantageous for increasing the light-shielding ability, it is possible 

to realize a thin-film transistor having a high light-shielding ability while increasing the 

degree of freedom in arranging wires including the arrangement of the scanning lines. 

[0037] In this configuration, further, the broad width portion may be formed at the 

center of the second gap in the intersecting area. 

[0038] According to such construction, the channel area is formed at the position 

farthest from the adjacent or opposite corners of the electrodes in accordance with the above­

described method, when four pixel electrodes are considered to be used. That is, it becomes 

very difficult for light to enter the channel area. 

[0039] In another aspect of the electro-optical device of the present invention, 

grooves are formed in the substrate along the scanning lines, and the scanning lines are buried 

at least partially in the grooves directly or through an interlayer insulating film. 

[0040] According to this aspect, since the scanning line is buried in the groove 

formed in the substrate, the generation of a step on the surface of the interlayer insulating 

film formed as the upper layer or on the surface of the pixel electrodes and the oriented film, 

etc. caused by the height of the scanning line itself can be prevented or reduced earlier. That 

is, the surface can be leveled very well. Then, if the surface of the oriented film is leveled, 

the rubbing process can be adequately performed for the orientation process and the 

orientated state of the liquid crystal molecules contacting the oriented film can be maintained 
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well. Therefore, according to the present aspect, since the possibility of bad orientation can 

be decreased and the light leakage caused by the bad orientation can be markedly prevented 

or reduced, it is possible to display a high-quality image. 

[0041] In another aspect of the electro-optical device of the present invention, the 

narrow width portion has a buried portion buried in the groove and extending along the 

scanning line and a non-buried portion not buried in the groove and extending along the 

scanning line in parallel to a buried portion, and a base of the pixel electrode is positioned 

high along the scanning line due to the presence of the non-buried portion. 

[0042] According to this aspect, the narrow width portion has both the buried 

portion and the non-buried portion. Then, both of the buried portion and the non-buried 

portion extend along the scanning line and the base of the pixel electrode protrudes above 

along the scanning line due to the presence of the non-buried portion. 

[0043] Through this construction, first, the effect associated with the above­

described leveling can be similarly obtained by the buried portion. That is, the surface of the 

interlayer insulating film to be formed as the upper layer of the buried portion, or the surfaces 

of the pixel electrodes and the oriented film have the an excellent leveled feature, and thus it 

is possible to reduce the possibility of having the bad orientations. 

[0044] Next, since the step including the convex portion along the scanning line is 

formed on the surface of the oriented film to be formed as the upper layer of the non-buried 

portion and the like, the above-described effects of leveling cannot be obtained by the non­

buried portion. However, the following advantages can be obtained. 

[0045] First, in electro-optical device according to the present invention, for the 

purpose of preventing or reducing deterioration of the liquid crystal, increasing the device life 

and reducing the cross-talk or flicker of the displayed image, a method of dividing the pixel 

electrodes into two groups and then inversely driving them in separate cycles may be 

employed, That is, a plurality of pixel electrodes including a first pixel electrode group to be 

inversely driven at a first period and a second pixel electrode group to be inversely driven at a 

second period compensatory with the first period, are arranged in a plain on the substrate. 

There are (i) the adjacent pixel electrodes to be driven with driving voltages of inverse 

polarities at the respective times in the inverse-driving, and (ii) the adjacent pixel electrodes 

to be driven with driving voltages of the same polarity at the respective times in the inverse 

driving. If the pixel electrodes corresponding to (i) are arranged in the direction along the 

data lines and the pixel electrodes corresponding to (ii) are arranged in the direction along the 

scanning lines, the pixel electrodes arranged in the direction along any one scanning line are 
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driven with one polarity and the pixel electrodes arranged in the direction along another 

scanning line adjacent to the any one scanning line are driven with an inverse polarity to the 

one polarity (referred to as "lH inverse driving"). 

[0046] However, in this case, between the pixel electrodes adjacent to each other 

along the data line, the horizontal electric field based on the driving voltages of inverse 

polarities is generated. Such horizontal electric field may interfere the electric fie_ld (may be 

referred to as vertical electric field in contrast to the horizontal electric field) generated 

between the pixel electrode and the opposing electrode, and as a result, it becomes difficult to 

obtain the orientation state of the liquid crystal molecules as desired, so that the image 

display may be affected. 

[0047] Further, in the present aspect, in a case that such adverse effects may be 

caused, the convex portion formed on the base of the pixel electrode along the scanning line 

has a distinct significance. 

[0048] That is, first, when the edge portions of the respective pixel electrodes are 

formed to be positioned on the step, the vertical electric field generated between the 

respective pixel electrodes and the opposing electrode is intensified comparedto the 

horizontal electric field generated between the adjacent pixel electrodes (in particular, the 

pixel electrodes included in the different pixel electrode group). That is, since the electric 

field generally intensifies as the distance between the electrodes becomes shorter, the edge 

portions of the pixel electrodes near the opposing electrode by the height of the step generates 

an intense vertical electric field. Second, whether the edge portions of the respective pixel 

electrodes are positioned on the step or not, the horizontal electric field generated between 

the adjacent pixel electrodes (in particular, the pixel electrodes included in a different pixel 

electrode group) is weakened by the presence of the step in accordance with the dielectric 

constant, and even by reducing (replacing partially from the step) the volume of the electro­

optical material through which the horizontal electric field passes, the effect that the 

horizontal electric field has on the electro-optical material can be reduced. Therefore, the 

operation failure from the electro-optical material, such as the bad orientation of the liquid 

crystal by the horizontal electric field caused by the inverse driving method, can be reduced. 

At this time, as described above, the edge portions of the pixel electrodes may be or not be 

positioned on the step and may be positioned on the inclined step or on an almost vertical 

side surface thereof. 

[0049] In addition, since the light-shielding film to conceal the operation failure 

caused by the electro-optical material, can be formed small, it is also possible to increase the 
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opening ratios of the respective pixels without having the bad image display, caused by the 

light leakage, generated. 

[0050] As described above, according to the present aspect, first, due to the 

presence of the buried portion, the effects associated with the above-described leveling can be 

obtained, and second, by forming intentionally the step including the convex portion along 

the scanning line by the presence of the non-buried portion, the generation of the horizontal 

electric field can be prevented or reduced. 

[0051] In another aspect of the electro-optical device of the present invention, a 

capacitor electrode on a pixel potential side constituting a storage capacitor connected to the 

pixel electrode and a capacitive line having capacitor electrode on a fixed potential side 

arranged constituting the storage capacitor arranged opposing the capacitor electrode on the 

pixel potential side through a dielectric film, may be further provided. The capacitive line 

has a main line portion extending along the scanning line and a portion extending along the 

data line, and a width of the portion extending along the data line in the capacitive line is 

equal to or broader than that of the data line. 

[0052] According to this aspect, since the storage capacitor, having a construction 

such that the capacitor electrode on the pixel potential side and the capacitor electrode on the 

fixed potential side are arranged opposite to each other, is connected to the pixel electrode, 

the voltage of the image signal written in the pixel electrode can be maintained for a long 

time. In particular, in the present aspect, since the width of the portion extending along the 

data line in the capacitive line is equal to or broader than that of the data line, it is possible to 

further lower the resistance of the capacitive line. Further, in the present aspect, since a low 

resistance of the capacitive line can be realized as described above, from the point of view of 

the whole device, the narrowness of the capacitive line and further narrowness of the storage 

capacitor can be accomplished, and as a result, it is possible to enhance the opening ratio. In 

the "narrowness of the capacitive line", since the capacitive line itself has a width equal to or 

"broader than" the width of the data line on the surface, it may appear to be a contradiction, 

but the broad width and the narrow width should be determined from the relative relationship 

between the capacitive line and the data line, such that from the point of view of the whole 

device, the "narrowness of the capacitive line" can be accomplished, compared to the related 

art. Furthermore, in the broad width and narrow width described above or the "broader than" 

to be described in the present invention, the discrete values of the width can be adequately 

determined theoretically, experimentally, experientially or by simulation. 
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[0053] Further, according to the present aspect, it is possible to effectively prevent 

or reduce the light from entering the thin-film transistor, in particular the channel area 

thereof, compared to the related art, as well as obtaining the above-described low resistance. 

This is because, as described above, although in the conventional art, the light reflected from 

the back of the data line and the like becomes a stray light and thus may enter the thin-film 

transistor, but according to the present aspect, the possibility that the advance of such stray 

light is shielded by the capacitive line formed in the width equal to or broader than that of the 

data line is increased. 

[0054] From the above, according to the present invention, the problems, such as 

the cross-talk or bum-in that were prevalent in the related art, can be reduced by the low 

resistance of the capacitive line. Further, since the light leak current in the thin-film 

transistor is reduced, it is possible to display a high quality image. 

[0055] Further, in the present invention, since the portion extending along the data 

line exists in the capacitive line, the area of the storage capacitor can be increased. This 

markedly contributes to the image display having high quality. 

[0056] Furthermore, in order to more effectively accomplish the light-shielding 

function described above, materials having a good light-shielding feature may be employed 

for the capacitive line. For example, single metal, alloy, metal silicide, poly-silicide or 

laminated layer thereof, containing at least one from Al (aluminum), Cu (copper), Ti (titan), 

Cr (chrome), W (tungsten), Ta (tantalum), and Mo (molybdenum) can be adequately 

employed. Further, in addition to the above, for example, light-absorbing materials such as 

poly-silicon can be employed. 

[0057] In this aspect, a portion overlapping the thin-film transistor in the data line 

may be formed locally broad, and a width of the portion extending along the data line in the 

capacitive line may be broader than that of the portion not formed broad in the data line and 

equal to that of the portion formed broad in the data line. 

[0058] By such a construction, the portion overlapping the thin-film transistor in the 

data line is formed locally broad. Then, the width of the portion fom1ed broad is equal to that 

of the portion extending along the data line in the above-described capacitive line. That is, 

from this construction, the data line and the capacitive line all formed broad are positioned on 

the thin-film transistor. Thus, the light entered from the upper portion of the thin-film 

transistor can be more securely prevented or reduced. 

[0059] More specifically, for example, when the capacitive line is made up of metal 

having a high melting point, the capacitive line can independently have the light-shielding 
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ability that the transmittance thereof is about 0.1 % (2 or more in OD (Optical Density)). 

However, if the silicide forming process is performed on the capacitive line, the composition 

thereof is varied and thus the light-shielding ability may be reduced. In this case, only the 

light-shielding ability having the transmittance of 0.1 % or more may be obtained. 

[00601 However, in the present aspect, the data line overlapping the capacitive line 

formed of such a metal film having a high melting point is further provided. If the 

construction for performing the light shielding of the thin-film transistor by overlapping the 

capacitive line and the data line is employed, the light-shielding ability corresponding to the 

added value of these transmittances can be obtained. For example, when the data line is 

made up of aluminum, etc., the light-shielding ability with a transmittance of 0.001 % or less 

(4 or more in the OD value) can be accomplished. 

[0061] Further, in the present aspect, in particular, that the broad width of the 

portion extending along the data line in the capacitive line is broad means that it is broader 

than that of the portion not formed broad in the data line. 

[0062] Also, a portion overlapping the thin-film transistor in the data line is formed 

locally broad, and a width of the portion extending along the data line in the capacitive line is 

broader than that of the portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

[0063] According to this aspect, the portion overlapping the thin-film transistor in 

the data line is formed locally broad. That is, from this construction, the data line and the 

capacitive line all formed broad are positioned on the thin-film transistor. Therefore, the light 

entered from the upper portion of the thin-film transistor can be more securely prevented or 

reduced. 

[0064] Furthermore, in the present aspect, in particular, the width of the portion 

extending along the data line in the capacitive line is formed narrower than that of the data 

line. That is, in the portion, the width of the data line is narrower than that of the capacitive 

line. From this construction, for example, when the data line is made up of aluminum having 

a high light reflexibility, a stray light generated by reflecting the incident light by any element 

in the electro-optical device, a light returning to the electro-optical device after a light emitted 

from the electro-optical device is reflected by any element outside of the electro-optical 

device, or in a projection type display device, such as a color-displayable liquid crystal 

projector including a plurality of electro-optical devices, a light emitted from other electro­

optical device and generated by returning to the electro-optical device is reflected by the data 
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line to thereby prevent the stray light from being increased. This is because the portion of the 

data line formed broad is relatively narrower than the capacitive line. 

[0065} In this aspect that has the data line having a portion overlapping the thin­

film transistor formed broad, the capacitive line is arranged at the overlapped position 

between the thin-film transistor and the data line, and the data line may be constructed such 

that the portion provided with a contact hole to connect to the thin-film transistor is formed 

broad in addition to the portion overlapping the thin-film transistor. 

[0066} From this construction, even when the capacitive line as the light-shielding 

film could is not provided, the decrease in the light-shielding ability can be compensated by 

forming broad the data line for the contact hole. 

[0067] Alternatively, for each thin-film transistor, the data line is formed 

continuously broad from the portion overlapping the thin-film transistor to the portion in 

which the contact hole is provided. 

[0068] From this construction, the light shielding of the thin-film transistor can be 

more securely accomplished. 

[0069] Further, the portion formed broad in the portion overlapping the thin-film 

transistor and the portion formed broad in the portion in which the contact hole is provided 

may be separately formed broad. If arranging the portion overlapping the thin-film transistor 

and the portion in which the contact hole is provided close to each other and forming them 

continuously broad as in the present aspect, since the area to be formed broad need not be 

exceedingly broad, it is advantageous from the point of view of not increasing the inner 

reflection. 

[0070] In another aspect of the electro-optical device of the present invention, 

another substrate opposing the substrate through an electro-optical material and a light 

shielding film formed on the another substrate may be further provided, and the width of the 

data line and the width of a portion extending along the data line in the capacitive line are 

narrower than that of the light-shielding film. 

[0071 l From this aspect, if it is assumed that the light is entered from another 

substrate, the laminated structure of the light-shielding film, the data line and the capacitive 

line in the order from the light incidence side can be constructed. The width of the former is 

broader than those of the latter two. That is, the advance of the incident light is blocked by 

the broader light-shielding film, and only the light passing through it reaches the data line and 

the capacitive line. Further, when the light passing through the light-shielding film reaches 

the data line and the capacitive line, the data line and the capacitive line can be expected to 
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perform the above-described light-shielding function. In short, according to the present 

aspect, it is possible to enhance the light resistance of the thin-film transistor and to reduce 

the generation of the light leakage. 

[0072] Further, if the pixel electrodes are arranged in a matrix shape, the "light­

shielding film" in the present aspect may be formed in a stripe shape or a lattice shape to 

extend through spaces between the pixel electrodes. Furthermore, according to 

circumstances, the light-shielding film may be formed as a laminated structure made of, for 

example, a light-absorbing material, such as chrome or chrome oxide, and a light-reflecting 

material, such as aluminum. 

[0073] An electronic apparatus of the present invention may include the above­

described electro-optical device (including various aspects). 

[0074] According to the electronic apparatus of the present invention, for example, 

since it includes the electro-optical device capable of adequately adjusting the arrangement 

between the thin-film transistor and the scanning line, it is possible to realize various 

electronic apparatuses, such as a liquid crystal projector, a liquid crystal television, a portable 

phone, an electronic pocket book, a word processor, a view finder type or monitor direct 

vision-type videotape recorder, a work station, a video phone, a POS terminal, and a touch 

panel, capable of precise operation of the thin-film transistor and high quality image display, 

for example. 

[0075] The above effects and other advantages of the present invention will be more 

apparent from the following exemplary embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] FIG. 1 is a schematic circuit diagram illustrating an equivalent circuit of 

various elements, wirings and the like provided in a plurality of pixels, having a matrix shape, 

constituting an image display area in an electro-optical device according to an exemplary 

embodiment of the present invention; 

[0077] FIG. 2 is a plan view of a group of adjacent pixels in a TFT array substrate 

where data lines, scanning lines, pixel electrodes are formed in the electro-optical device 

according to an exemplary embodiment of the present invention; 

[0078] FIG. 3 is a sectional view taken along plane A-A' in FIG. 2; 

[0079] FIG. 4 is a plan view illustrating only a shape pattern of the scanning lines 

shown in FIG. 2; 

[0080] FIG. 5 is a plan view illustrating another exemplary embodiment in which 

the arrangement of the scanning lines and the TFTs is different from that in FIG. 2; 
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[0081] FIG. 6 is a plan view illustrating only a shape pattern of the scanning lines 

shown in FIG. 5; 

[0082] FIG. 7 is a sectional view taken along plane B-B' in FIG. 5; 

[0083] FIG. 8 is a plan view illustrating another exemplary embodiment different 

from that in FIG. 2 in that grooves are formed on the TFT array substrate and the scanning 

lines are buried in the grooves; 

[0084] FIG. 9 is a sectional view illustrating a profile of a narrow width portion of 

the scanning lines shown in FIG. 8; 

[0085] FIG. 10 is a plan view illustrating another exemplary embodiment different 

from that in FIG. 2 in that grooves are formed on the TFT array substrate and a part of the 

scanning lines are buried in the grooves; 

[0086] FIG. 11 is a sectional view illustrating a profile of a narrow width portion of 

the scanning line shown in FIG. 10; 

[0087] FIG. 12 is a sectional view taken along plane T-T' in FIG. 10; 

[0088] FIGS. 13(a) and 13(b) are schematics explaining the generation of a 

horizontal electric field; 

[0089] FIG. 14 is a plan view illustrating another exemplary embodiment different 

from that in FIG. 2 in that grooves are formed on the TFT array substrate and the narrow 

width portion of the scanning line is deviated from the center of a first gap; 

[0090] FIG. 15 is a sectional view taken along plane T-T' in FIG. 14; 

[0091] FIG. 16 is a plan view illustrating another exemplary embodiment in that a 

shape of the data line is different from that in FIG. 2; 

[0092] FIG. 17 is a sectional view taken along plane P-P' in FIG. 16; 

[0093] FIG. 18 is a sectional view taken along plane Q-Q' in FIG. 16; 

[0094] FIG. 19 is a sectional view taken along plane R-R' in FIG. 16; 

[0095] FIG. 20 is a plan view where the TFT array substrate of the electro-optical 

device according to the exemplary embodiment of the present invention is viewed from the 

opposing substrate side along with the respective elements formed thereon; 

[0096] FIG. 21 is a sectional view taken along plane H-H' in FIG. 20; 

[0097] FIG. 22 is a schematic sectional view illustrating a color liquid crystal 

projector that is an example of a projection type color display apparatus as an exemplary 

embodiment of an electronic apparatus of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[00981 Preferred exemplary embodiments of the present invention are explained 

with reference to the drawings. In following exemplary embodiments, an electro-optical 

device of the present invention is applied to a liquid crystal device. 

[0099) First, a construction of a pixel part in the electro-optical device according to 

an exemplary embodiment of the present invention is explained with reference to FIGS. 1 to 

4. Fig. 1 is a schematic that shows an equivalent circuit of various elements, wirings and the 

like in a plurality of pixels formed in a matrix shape constituting an image display area 10a of 

the electro-optical device. FIG. 2 is a plan view of a group of a plurality of pixels adjacent to 

each other on a TFT array substrate in which data lines, scanning lines, pixel electrodes and 

the like are formed. Further, FIG. 3 is a sectional view taken along plane A-A' in FIG. 2. 

Further, in FIG. 3, in order for each layer and each member to have recognizable sizes in the 

drawing, different scales are applied to each layer and each member. Furthermore, FIG. 4 is 

a plan view illustrating shapes of only the scanning lines extracted from FIG. 2. 

[0100) In FIG. 1, in the plurality of pixels formed in a matrix shape constituting the 

image display area of the electro-optical device according to the present exemplary 

embodiment, a pixel electrode 9a and a TFT 30 to control switching of the pixel electrode 9a 

are formed, respectively, and data lines 6a supplied with image signals are electrically 

connected to sources of the TFTs 30. Image signals Sl, S2, ... , Sn to be, in this order, 

written may be sequentially supplied to the data lines 6a, or may be supplied to each group 

which has a plurality of data lines 6a adjacent to each other. 

[0101] Further, scanning lines 330a are electrically connected to gates of the TFTs 

30 and at a predetermined timing, scanning signals Gl, G2, ... ; Gn are pulse-like applied to 

the scanning lines 330a in that order. The pixel electrodes 9a are electrically connected to 

drains of the TFTs 30, and by closing switches of the TFTs 30, that is, switching elements for 

a predetermined time interval, the image signals S 1, S2, ... , Sn supplied from the data lines 

6a are written at a predetermined timing. 

[0102] A predetermined level of the image signals Sl, S2, ... , Sn which have been 

written through the pixel electrodes 9a to a liquid crystal that is an example of an electro­

optical material are maintained for a predetermined time interval between the pixel electrode 

9a and an opposing electrode formed on an opposing substrate. The liquid crystal modulates 

light by varying orientation or order of molecules according to the applied voltage level, and 

thus it is possible to execute the gradation display. If it is in a normally-white mode, 

transmittance for the incident light is decreased in accordance with the voltage applied in a 
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unit of pixel, and if it is in a normally-black mode, the transmittance for the incident light is 

increased in accordance with the voltage applied in a unit of pixel. Therefore, as a whole, 

light having a contrast responsive to the image signals is emitted from the electro-optical 

device. 

[0103] In order to reduce or prevent the maintained image signals from being 

leaked, a storage capacitor 70 is added in parallel to a liquid crystal capacitor formed between 

the pixel electrode 9a and the opposing electrode. 

[0104] A more specific construction of the electro-optical device in which the 

above-described circuit operation is executed by using the data lines 6a, the scanning lines 

330a, the TFTs 30 and the like is explained with reference to FIGS. 2 and 3. 

(0105] First, the electro-optical device according to the present exemplary 

embodiment, as shown in FIG. 3 which is a sectional view taken along plane A-A' in FIG. 2, 

includes a TFT array substrate 10 and a transparent opposing substrate 20 arranged opposite 

thereto. The TFT array substrate 10 is made of, for example, a quartz substrate, a glass 

substrate or a silicon substrate, and the opposing substrate 20 is made of, for example, a glass 

substrate or a quartz substrate. 

[0106] As shown in FIG. 3, the TFT array substrate 10 is provided with a pixel 

electrode 9a, and an upper portion of the pixel electrode is provided with an oriented film 16 

which has been subjected to a predetermined orientation process, such as a rubbing process. 

The pixel electrode 9a is made of, for example, a transparent conductive film, such as an ITO 

(Indium Tin Oxide) film. 

[0107] The opposing substrate 20 is provided over the whole surface thereof with 

an opposing electrode 21, and a lower portion of the electrode is provided with an oriented 

film 22 which has been subjected to a predetermined orientation process, such as a rubbing 

process. The opposing electrode 21 is made of, for example, a transparent film, such as an 

ITO film. 

[0108] Next, in FIG. 2, a plurality of pixel electrodes 9a (profiles thereof are 

indicated by dotted lines 9a') are provided in a matrix shape on the TFT array substrate 10 of 

the electro-optical device, and data lines 6a of aluminum films and scanning lines 330a of 

poly-silicon films are provided along horizontal and vertical boundaries of the pixel 

electrodes 9a. 

(0109] Each scanning line 330a is arranged opposite to a channel area la' indicated 

by oblique lines area extending from lower left to upper right in the semiconductor layer la 

of a poly-silicon film and functions as a gate electrode. That is, in portions where the 
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scanning lines 330a and the data lines 6a are intersected, TFTs 30 to switch pixels where 

broad width portions 331a (to be explained later) of the scanning lin~s 330a are arranged 

opposite to the channel areas la' as gate electrodes are provided. In other words, TFTs 30 in 

the present exemplary embodiment, in particular, the channel areas la' thereof are formed in 

intersecting areas of the plurality of pixel electrodes 9a arranged in a matrix shape. The 

intersecting area means an area where, in plan view, a first long gap (X direction in FIG. 2) 

extending through a space between adjacent pixel electrodes 9a sandwiching the scanning 

lines therebetween and a second long gap (Y direction in FIG. 2) extending through a space 

between adjacent pixel electrodes sandwiching the data line 6a therebetween, are intersected. 

[0110] More specifically, with reference to FIG. 2, the intersecting area corresponds 

to, for example, a position farthest from each of a lower-right corner of the pixel electrode 9a 

shown on the upper-left side of the plan view, a lower-left comer of the pixel electrode 9a 

shown on the upper-right side, an upper-right corner of the pixel electrode 9a shown on the 

lower-left side and an upper-left corner of the pixel electrode 9a shown on the lower-right 

side of the plan view. Since the TFT 30 is formed at such position, it is difficult for an 

incident light to directly enter the channel area la' of the TFT. 

[0111] The TFT 30, as shown in FIG. 3, has an LDD (Lightly Doped Drain) 

structure, and includes a channel area la' of the semiconductor layer la where a channel is 

formed by an electric field from the scanning line which functions as a gate electrode as 

described above, an insulating film 2 having a gate insulating film to insulate the scanning 

line 330a from the semiconductor layer la, a low-concentration source area lb, a low­

concentration drain area le, a high-concentration source area ld and a high-concentration 

drain area 1 e. 

[0112] Further, although it is preferable that the TFT 30 has the LDD structure as 

shown in FIG. 3, the TFT 30 may have an offset structure in which impurities are prevented 

or substantially prevented from being infiltrated into the low-concentration source area 1 b 

and the low-concentration drain area le, or may be a self-alignment type TFT to infiltrate 

impurities at high concentration using the gate electrode constituting a part of the scanning 

line 330a as a mask to automatically form the high-concentration source area and the high­

concentration drain area. Furthermore, although, in the present exemplary embodiment, the 

TFT 30 has a single gate structure-where only one gate electrode of the TFT 30 for pixel 

switching is disposed between the high-concentration source area 1 d and the high­

concentration drain area 1 e, the TFT may have a dual, triple or more gate structure where two 

or more gates are disposed therebetween. Furthermore, the semiconductor layer 1 a 
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constituting the TFT 30 is not limited to the poly-silicon film, but may be made of an 

amorphous silicon film or a monocrystalline silicon film. A related art, later developed, or 

known method, such as a pasting method can be employed in formation of the 

monocrystalline silicon film. By employing the monocrystalline silicon film for the 

semiconductor layer 1 a, it is possible to promote a high performance of the peripheral 

circuits. 

(0113] In the present exemplary embodiment, for the scanning line 330a serving as 

the gate electrode of the TFT 30, a portion serving as the gate electrode, that is, a portion 

facing the channel area 1 a' of the TFT 30 is formed broader than the other portion, as shown 

in FIG. 2. That is, in FIG. 2, the scanning line 330a has a broad width portion 331 a extending 

in the Y direction in FIG. 2 to correspond to the channel area I a' extending in the Y direction 

in FIG. 2 and a narrow width portion 332a extending through a space between the adjacent 

pixel electrodes 9a. In FIG. 4, for the purpose of simplifying the illustration, only the shape 

pattern of the scanning line 330a is shown. 

[0114] In this connection, in the present exemplary embodiment, the broad width 

portion 33 la is lengthened from the narrow width portion 332a. That is, the broad width 

portion 331a and the narrow width portion 332a are integrally fom1ed. Such a shape can be 

easily formed, for example, by using a related art, later developed, or known 

photolithography and etching, on the assumption that a pattern having an integrated shape 

332a (see FIG. 4) composed of the broad width portion 33 la and the narrow width portion 

332a is formed. However, the present invention is not limited to such shape, and includes, 

for example, even shapes where the broad width portion 33 la is formed by connecting other 

conductive member prepared separately to the narrow width portion 332a, within the scope 

thereof. 

[0115] The storage capacitor 70 shown in FIG. I is constructed such that a junction 

layer 71 as the capacitor electrode on the pixel potential side connected to the high­

concentration drain area 1 e of the TFT 30 and the pixel electrode 9a and a part of the 

capacitive line 300 as the capacitor electrode on the fixed potential side are arranged opposite 

to each other via an dielectric film 75, as shown in FIG. 3. By the storage capacitor 70, it is 

possible to markedly enhance the potential maintenance characteristics in the pixel electrode 

9a. 

(0116] The junction layer 71 is made up of, for example, the conductive poly­

silicon film and serves as a capacitor electrode on the pixel potential side. However, similar 

to the capacitive line 300 to be explained in detail below, the junction layer 71 may be made 
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of a single layer film or multi-layer film containing metal or alloy. In addition to the function 

as a capacitor electrode on the pixel potential side, the junction layer 71 also has a function of 

connecting the pixel electrode 9a and the high-concentration drain area le of the TFT 30 to 

each other through contact holes 83 and 85. 

[0117] By using such junction layer 71, even if the distance between layers is as 

long as, for example, 2000nm, both layers can be connected well to each other through serial 

contact holes having two relatively small diameters while avoiding the technical difficulty of 

connecting both layers to each other through one contact hole, so that an opening ratio of 

pixel can be increased. Further, in opening the contact hole, it is helpful to prevent or reduce 

punchthrough in etching. 

[0118] The capacitive line 300 is made of, for example, a conductive film 

containing metal or alloy, and serves as a capacitor electrode on the fixed potential side. The 

capacitive line 300 is formed overlapping an area to form the scanning line 330a from a plan 

view, as shown in FIG. 2. More specifically, the capacitive line 300 has a main line portion 

extending along the scanning line 330a, a protruding portion protruded upwardly in the Y 

direction along the data line 6a from a portion intersecting the data line 6a and a constricted 

portion where the portion corresponding to the contact hole 85 is slightly constricted. The 

protruding portion contributes to increase in the area to form the storage capacitor 70 by 

using the area on the scanning line 330a and the area below the data line 6a. 

[0119] Further, the capacitive line 300 is made of, for example, single metal, alloy, 

metal silicide, poly-silicide or laminated layer thereof, containing at least one of metals 

having high melting point, such as Ti, Cr, W, Ta, Mo, and in addition to the function as a 

capacitor electrode on the fixed potential side of the storage capacitor 70, the capacitive line 

300 has a function as a light-shielding layer to shield the TFT 30 from the incident light on 

the upper side of the TFT 30. However, the capacitive line 300 may have a multi-layer 

structure in which a first film made of a conductive poly-silicon film and the like and a 

second film made of a metal silicide film containing metal and the like having high melting 

point are stacked. 

[0120] Furthermore, preferably, the capacitive line 300 extends from the image 

display area in which the pixel electrodes 9a are arranged to peripheries thereof, and is 

electrically connected to a potentiostatic source to be a fixed potential. Such potentiostatic 

source may be a potentiostatic source, such as a plus power source or a minus power source 

supplied to a data line driving circuit to be explained later, or may be a potentiostatic source 

supplied to the opposing electrode 21 of the opposing substrate 20. 
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[0121] A dielectric film 75, as shown in FIG. 3, is constructed of a silicon oxide 

film such as a HTO (High Temperature Oxide) film or a LTO (Low Temperature Oxide) film 

having, for example, a relatively thin thickness of about 5~200nm, or a silicon nitride film. 

From the point of view of increasing the capacitance of the storage capacitor 70, the dielectric 

film 75 should be preferably as thin as possible as long as the reliability of the film is 

sufficiently maintained. 

[0122] In FIGS. 2 and 3, in addition, the lower side of the TFT 30 is provided with 

a lower light-shielding film 1 la. The lower light-shielding film 1 la is patterned in a lattice 

shape, and as a result, the opening area of each pixel is defined. Further, the opening area 

may be defined by the intersection of the data line 6a extending in the Y direction in FIG. 2 

and the capacitive line 300 extending in the X direction in FIG. 2. Furthermore, similar to the 

case of the above-described capacitive line 300, the lower light-shielding film 1 la may be 

formed extending from the image display area to the peripheries thereof to be connected to a 

potentiostatic source so that the potential variation has no adverse effects on the TFT 30. 

[0123] Further, a base insulating film 12 is provided below the TFT 30. In addition 

to the function of insulating the TFT 30 from the lower light-shielding film 1 la, since the 

base insulating film 12 is formed on the whole surface of the TFT array substrate 10, the base 

insulating film 12 has a function of preventing or reducing the characteristic variation of the 

TFT 30 for pixel switching caused by rough polished surface of the TFT array substrate 10 or 

contaminants left after washing. 

[0124] In addition, a first interlayer insulating film 41 which has a contact hole 81 

communicating with the high-concentration source area ld and a contact hole 83 

communicating with the high-concentrating drain area 1 e, respectively, is formed on the 

scanning line 330a. 

[0125] The junction layer 71 and the capacitive line 300 are formed on the first 

interlayer insulating film 41, and a second interlayer insulating film 42 which has a contact 

hole 81 communicating with the high-concentration source area Id and a contact hole 85 

communicating with the junction layer 71 are formed respectively on the junction layer 71 

and the capacitive line 300. 

[0126] Furthermore, in the present exemplary embodiment, by baking the first 

interlayer insulating film 41 at about 1000°C, activation of ions injected into the poly-silicon 

film constituting the semiconductor layer la or the scanning line 330a may be intended. On 

the other hand, by not baking the second interlayer insulating film 42, relief of stress 

occurring in the vicinity of the interface of the capacitive line 300 may be intended. 
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[0127] The data line 6a is formed on the second interlayer insulating film 42, and 

above them a third interlayer insulating film 43 which has a contact hole 85 communicating 

the junction layer 71 is formed. 

[0128] The surface of the third interlayer insulating film 43 is leveled by means of 

CMP (Chemical Mechanical Polishing) process, and as a result, the orientation failure of the 

liquid crystal layer 50 caused by a step generated by various wirings or elements below the 

third interlayer insulating layer 73 can be reduced. 

[0129] However, in place of performing the leveling process for the third interlayer 

insulating film 43, or in addition to it, a groove, in at least one of the TFT array substrate 10, 

the base insulating film 12, the first interlayer insulating film 41 or the second interlayer 

insulating film 42, can be formed to buried the wirings, such as the data line 6a or the TFT 30 

to perform the leveling process. 

[0130] According to the electro-optical device of the present exemplary 

embodiment as constructed like the above, since the scanning line 330a has the broad width 

portion 33 la and the narrow width portion 332a and the broad width portion 33 la is formed 

to face the channel area la' of the TFT 30, the arrangement between the TFT 30 and the 

scanning line 330a can be easily adjusted or determined. 

[0131] For example, the arrangement between the TFTs 30 and the scanning lines 

330a in FIG. 2 described above shows an example of a suitable arrangement responsive to the 

requirement to effectively prevent or substantially prevent light from entering the channel 

areas la' of the TFTs 30. In addition, for example, the arrangements shown in FIGS. 5 and 6 

can be implemented. FIG. 5 is a diagram with the same purpose as FIG. 2, in which an 

arrangement of the scanning lines and the TFTs is different from that in FIG. 2, and FIG. 6 

illustrates only a shape pattern of the scanning lines shown in FIG. 5, similar to FIG. 4. 

[0132] In FIGS. 5 and 6, the scanning lines 330a', more specifically, the narrow 

width portions 332a' are formed at positions deviated from the center of a first long gap 

extending through a space between the adjacent pixel electrodes 9a sandwiching the scanning 

lines 330a' therebetween. Further, the broad width portions 33 la' are formed to be protruded 

only upwardly in the Y direction in FIG. 5 and 6. Furthermore, the arranged positions of the 

channel areas la', that is, the arranged positions of the broad width portion 331a' are similar 

to those in FIG. 2. 

[0133] This arrangement can enhance the quality of display image. The reason 

thereof is as follows. That is, in the electro-optical device according to the present invention, 

as described above, the oriented film 16 is provided on the pixel electrodes 9a, and on the 
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surface of the oriented film 16, unevenness due to the "height" of various elements formed 

below the oriented film 16 can exist. The above-described "various elements" include the 

scanning lines 330a' of the present exemplary embodiment. FIG. 7 is a sectional view taken 

along plane B-B' in FIG. 5, in which a convex portion 501 caused by the "height" of the 

narrow width portion 332a' of the scanning line 330a' is formed on the oriented film 16. 

[0134] When the convex portion 501 is generated, there is a possibility of further 

generating nonuniformity in the above-described rubbing process performed on the oriented 

film 16. This nonuniformity may cause the bad orientation of the liquid crystal and thus the 

operation failure of the electro-optical device. Therefore, in the related art, by providing the 

light-shielding film in the vicinity of the above-described convex portion 501, shielding of 

the incident light is made possible. That is, the incident light reaching the light-shielding film 

is reflected or absorbed by the light-shielding film and thus does not contribute to the image 

display. 

[0135] At this time, it is important that the above-described light-shielding film 

should be provided while satisfying the requirements to enhance the pixel opening ratio. 

That is, when the light-shielding film is provided only to correspond to the convex portion 

501, it may unnecessarily worsen the pixel opening ratio to deteriorate the brightness of 

image. When the light-shielding film is provided only in a part of the convex portion 501, 

sufficient light-shielding cannot be accomplished and may cause the deterioration of the 

contrast ratio. In addition, the influence of the nonuniformity in the convex portion 501 may 

lead to the operation failure of the electro-optical device. 

[0136] In the present exemplary embodiment, it has been paid attention to the fact 

that the nonuniformity are generated in the convex portion 501, more specifically, that the 

portion (hereinafter, "rubbing-up portion 50la" in Fig. 7) associated with rubbing up the 

convex portion 501 (that is, the direction ascending the convex portion 501) and the portion 

(hereinafter "rubbing-down portion 501b" in Fig. 7) associated with rubbing down the convex 

portion 501 (that is, the direction descending the convex portion 501), have nonuniformity 

different from each other. 

[0137] More specifically, for example, it has been paid attention to the fact that it is 

more difficult to generate the nonuniformity in the rubbing-up portion 501a than in the 

rubbing-down portion 501b, that is, the rubbing-down portion 501b has the higher possibility 

of causing the bad orientation of the liquid crystal. 

[0138] In the present exemplary embodiment, it is important that the narrow width 

portions 332a' adjacent in the direction of the scanning lines 330a' in FIG. 5 are formed at the 
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position deviated from the center (see the two-dotted chain line in FIG. 7) between the pixel 

electrodes 9a. That is, by forming the narrow width portion 332a' at the position shown in 

FIG. 7, a vertex 501P of the convex portion 501 caused by the narrow width portion 332a' is 

also formed at the position deviated from the center between the adjacent pixel electrodes 9a. 

This means that it is possible to construct only almost half of the sloping surface of the 

convex portion 501 on the area corresponding to the first gap, that is, the rubbing-down 

portion 501b on the area. Further, in this case, as shown in FIG. 7, by providing the light­

shielding capacitive line 300 and the junction layer 71 corresponding to the space between 

the adjacent pixel electrodes 9a, it is possible to effectively shield only the rubbing-down 

portion 501b, that is, to effectively shield the corresponding portion of the convex portion 

501 expected to be most influenced by the nonuniformity. 

[0139] As a result, according to the present exemplary embodiment, since the 

operation failure of the electro-optical device caused by the nonuniformity can be 

substantially prevented, and since the rubbing-up portion 501a of the convex portion 501 is 

not expected to be influenced by the nonuniformity remains to transmit the light contributing 

to the image display, it is possible to enhance the pixel opening ratio, that is, to maintain the 

bright image. Consequently, according to the present embodiment, from the above-described 

point of view, an enhancement in the quality of the display image can be obtained. 

[0140] Further, by forming the narrow width portion 332a' at the position deviated 

from the center of the first gap, it is possible to enhance the degree of freedom in the design 

of the electro-optical device and to effectively prevent or substantially prevent the light from 

entering the TFT 30. The reason thereof is as follows. 

[0141] That is, although the narrow width portion 332a' in the present exemplary 

embodiment extends through the first gap between the adjacent pixel electrodes 9a, it does 

not exist at the center thereof. For this reason, for example, by using an area not provided 

with the narrow width portion 332a' in the first gap, other wirings such as the capacitive line 

300 made of the same film as the narrow width portion 332a' can be formed parallel to the 

narrow width portion 332a' from a plan view. That is, the degree of freedom in design can be 

increased. 

[0142] Further, in the above-described case, although the narrow width portion 

332a' is deviated from the center line, by adjusting the width of the broad width portion 331 a', 

for example, by broadening only one side thereof or by broadening one side thereof more 

than the other side, it is possible to arrange the broad width portion 331 a' as the gate electrode 

at the center of the gap. In the present exemplary embodiment, as shown in FIGS. 5 and 6, it 

Page 236 of 395



25 

can be understood that the broad width portion 33 la' is broadened toward only one side. 

Hence, since the gate electrode can be arranged at a position advantageous to enhance the 

light-shielding ability irregardless of the position of the scanning line 330a', or since the 

scanning line 330a' can be arranged at an arbitrary position in the gap while arranging the 

gate electrode at a position advantageous for improving the light-shielding ability, it is 

possible to increase the degree of freedom in an arrangement of wirings, such as an 

arrangement of the scanning lin_e 330a' and to obtain the TFT 30 originally having a 

substantially high light-shielding ability. 

[0143] In short, in the embodiment shown in FIGS. 5 and 6, while satisfying the 

requirements to enhance the quality of the display image, enhancing the degree of freedom in 

design and decreasing the light leak current in the TFT 30, it is possible to adequately 

adjust/determine the arrangement between the channel area la' (or the TFT 30) and the gate 

electrode (or the scanning line 330). 

[0144] As described above, according to the electro-optical device of the present 

exemplary embodiment, since the scanning line, as the gate electrode, has the broad width 

portion and the narrow width portion, while satisfying the above various requirements or a 

general requirement, such as high precision of the electro-optical device itself, it is possible to 

adequately adjust/determine the arrangement between the channel area (or the TFT) and the 

gate electrode ( or the scam1ing line). 

(Second exemplary embodiment) 

[0145] Now, a second exemplary embodiment of the present invention is explained 

with reference to FIGS. 8 to 11. FIGS. 8 and 10 are plan views illustrating another 

exemplary embodiment different from that in FIG. 2 in that a groove is formed on the TFT 

array substrate 10 and at least a part of the scanning line is buried in the groove. FIGS. 9 and 

11 are sectional views illustrating a profile of the narrow width portion of the scanning line 

according to the second exemplary embodiment, respectively (FIG. 9 corresponds to FIG. 8, 

and a section taken along a line Zl-Zl' in FIG. 8 corresponds to a section taken along plane 

Zl-Zl' in FIG. 9. Further, FIG. 11 corresponds to FIG. 10, and a section taken along plane 

Z2-Z2' in FIG. 10 corresponds to a section taken along plane Z2-Z2' in FIG. 9). Further, FIG. 

12 is a sectional view taken along plane T-T' in FIG. 10. Furthermore, since the basic 

construction and operation, etc., of the electro-optical device of the second exemplary 

embodiment are similar to those of the first exemplary embodiment, explanation about 

distinctive portions in the second exemplary embodiment are mainly described below. 

Furthennore, the reference numerals in FIGS. 8 and 12 indicate the same elements as in 
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FIGS. 1 to 7 referred to in the above description, when they indicate substantially equivalent 

elements. 

[0146] First, in one aspect of the second exemplary embodiment, as shown in FIGS. 

8 and 9, a groove 301 is formed along the scanning line in the TFT array substrate 10. The 

groove 301 is formed except for the area where the semiconductor layer la of the TFT 30 is 

formed. By this construction, in consideration of only the grooves, the grooves 301 are 

arranged in a matrix shape from a plan view (see FIG. 8). Further, a scanning line 340a is 

formed such that the narrow width portion 342a thereof is entirely buried in the groove 301 

(see FIG. 9). 

[0147] In another aspect of the second embodiment, as shown in FIGS. 10 and 11, a 

groove 3G2 is formed on the TFT array substrate 10, similarly to the groove 301. However, 

preferably, a groove 3G2 is formed slightly narrower than the groove 3G 1. Further, a narrow 

width portion 352a of the scanning line 350a is formed along the groove 302. The narrow 

width portion 352a has a buried portion 352aB of which a part is buried in the groove 302 

and a non-buried portion 352aNB which is not buried in the groove 302 and extends parallel 

to the buried portion 352aB. The non-buried portion 352aB is formed on the surface of the 

TFT array substrate 10. 

[0148] Further, in one aspect and another aspect of the second exemplary 

embodiment, as shown in FIGS. 8 and 10, a groove 601 is formed in the TFT array substrate 

10 along the data line. Furthermore, the data line 6a is formed to be entirely buried in the 

groove 6Gl. In addition, the semiconductor layer la is also formed to be entirely buried in 

the groove 601. 

[0149] According to the electro-optical device of the second exemplary 

embodiment constructed as above, the following effects can be obtained. First, since the 

whole part or a part ofboth of the scanning lines 340a and 350a are buried in the grooves 

301 or 302, as shown in FIGS. 9 and 11, in this buried portion, the surface height of the base 

insulating film 12 and the height of the buried portion 352aB of the scanning line 340a and 

the scanning line 350a are almost equal to each other to maintain the leveling feature. By 

this, the leveling feature of the first to third interlayer insulating film 41 to 43 formed as the 

upper layers of the scanning lines 340a and 350a, or the pixel electrode 9a and the oriented 

film 16 can be well obtained. Therefore, in the second exemplary embodiment, for example, 

since a step along the narrow width portion 342a or the buried portion 352aB does not 

substantially appear on the surface of the oriented film 16, the rubbing process can be very 

suitably performed on the oriented film 16 and the bad orientation can be drastically 
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prevented or reduced. Furthermore, an effect can be obtained that the light leakage caused by 

the bad orientation and deterioration of the image quality based on the light leakage. 

[0150] Such effects on the portion along the data line 6a can be obtained because of 

the existence of the groove 6G 1. 

[0151] Further, in FIGS. 10 and 11, in particular, because of the existence of the 

non-buried portion 352aNB, the following effects can be obtained. The effects are explained 

in detail below. 

[0152] First, in the electro-optical device of the present exemplary embodiment, 

generally in order to prevent or reduce deterioration of the electro-optical material caused by 

the application of DC voltage and to prevent or reduce the cross-talk or flicker in the 

displayed image, an inverse driving method of inversing the polarities of voltages applied to 

the respective pixel electrodes 9a in a predetermined rule may be employed. More 

specifically, so-called "lH inverse driving method" is explained below. 

[0153] First, as shown in FIG. 13(a), during the time to display image signals for 

then-th field (n is a natural number) or frame, the polarity of the liquid crystal driving 

voltage indicated by+ or - for each pixel electrode 9a is driven with the same polarity for 

every row. Thereafter, as shown in FIG. 13(b ), when the image signals for the n+ 1-th field or 

frame are displayed, the polarity of the liquid crystal driving voltage for each pixel electrode 

9a is inversed and during the time for displaying the image signal of the n+ 1th field or one 

frame, the polarity of the liquid crystal driving voltage indicated by + or - for each pixel 

electrode 9a is not inversed, and each pixel electrode is driven with the same polarity for 

every row. Then, the state shown in FIG. 13(a) and 13(b) is repeated at the period of one 

field or one frame. This is the lH inverse driving method. As a result, while avoiding 

deterioration of the liquid crystal caused by the application of DC voltage, it is possible to 

prevent image display with reduced cross-talk or flicker. Further, the lH inverse driving 

method is more advantageous than the 1 S inverse driving method to be explained later, in that 

there is no almost cross-talk in the vertical direction (Y direction) in the drawing. 

[0154] However, as can be understood from FIG. 13(a) and FIG. 13(b), in the lH 

inverse driving method, a horizontal electric field takes place between the pixel electrodes 9a 

adjacent to each other in the vertical direction (Y direction) in the drawing. In these 

drawings, an area C 1 where the horizontal electric field takes place is always in the vicinity 

of the gap between the pixel electrodes adjacent to each other in the Y direction. If such 

horizontal electric field is applied, for the electro-optical material to which a vertical electric 

field, i.e., an electric field perpendicular to the surface of the substrate, is applied, between 
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the pixel electrode and the opposing electrode facing each other, the operation failure can be 

caused by the bad orientation of the liquid crystal in the electro-optical material and by the 

light leakage in the portion, which leads to a problem of decreasing the Gontrast ratio. 

[0155] With respect to the above, the area where the horizontal electric field is 

generated can be covered by the light-shielding film. However, in this case, there is a 

problem that the opening area of pixels becomes narrow in respect to the area where the 

horizontal electric field is generated. In particular, as the distance between the adjacent pixel 

electrodes becomes small due to minuteness of the pixel pitch, such horizontal electric field 

increases, and thus this poses a serious problem in a higher precision electro-optical device. 

[0156] In the aspect shown in FIGS. 10 and 11 of the second exemplary 

embodiment, a step caused by the height of the non-buried portion 352aNB is formed 

between the pixel electrodes 9a (that is, the adjacent pixel electrodes 9a to which voltage of 

inverse polarity is applied) adjacent to each other in the vertical direction. Because of the 

existence of this step, it is possible to intensify the vertical electric field in the vicinity of an 

edge portion of the pixel electrode 9a arranged on the step and to weaken the horizontal 

electric field. More specifically, as shown in FIG. 12, the distance between the vicinity of the 

edge portion of the pixel electrode 9a arranged on the step 430 and the opposing electrode 21 

becomes narrower by the height of the step 430. Therefore, in the area Cl where the 

horizontal electric field is generated, the vertical electric field between the pixel electrode 9a 

and the opposing electrode 21 can be intensified. Furthermore, in FIG. 12, since the gap 

between the adjacent pixel electrodes 9a is constant, the intensity of the horizontal electric 

field to be intensified with the gap getting narrow is constant. Therefore, by making the 

vertical electric field more prevalent in the area C 1 where the horizontal electric field is 

generated, it is possible to prevent or reduce the bad orientation of the liquid crystal caused 

by the horizontal electric field. Furthermore, because of the step 430 made of the insulating 

film, the intensity of the horizontal electric field is weakened, and the portion of the liquid 

crystal affected by the horizontal electric field is decreased by the amount ofreplacing the 

step where the horizontal electric field exists. Therefore, the influence of the horizontal 

electric field on the liquid crystal layer 50 can be reduced. 

[0157] Further, in the above description, the lH inverse driving method has been 

explained but the present invention is not limited to such a driving method. For example, 1 S 

inverse driving method of inversing the voltage polarity at a period of a frame or a field for 

each column while driving pixel electrodes in a column with the potential of the same voltage 

polarity may be employed in the present invention as the inverse driving method of which 
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control is relatively easy and which enables the high quality image display. Furthermore, 

between the pixel electrodes adjacent to each other in both of the column direction and the 

row direction, the dot inverse driving method of inversing the voltage polarity applied to each 

pixel electrode has been developed and can be applied to the present invention. 

[0158] Further, in the second exemplary embodiment, as shown in FIG. 2, the 

aspect in which the narrow width portion 342a and 352a is formed to extend through the 

center of the first gap between the adjacent pixel electrodes 9a has been explained. However, 

the present invention is not limited to such a construction. That is, as shown in FIGS. 5 and 

6, in the aspect where the narrow width portion is formed to extend at the position deviated 

from the center of the first gap, the grooves 3Gl or 3G2 shown in FIGS. 8 to 11 may be 

fonned in a combination. For example, the construction shown in FIGS. 14 and 15 may be 

employed. FIG. 14 is a plan view illustrating another aspect different from that in FIG. 2 in 

that a groove is formed on the TFT array substrate 10, and the narrow width portion of the 

scanning line is deviated from the center of the first gap, and FIG. 15 is a sectional view 

taken along plane T-T' in FIG. 14. 

[0159] FIG. 14 is similar to FIGS. 5 and 6 in that a narrow width portion 362a of a 

scanning line 360a is deviated from the center of the long first gap extending through the 

space between the adjacent pixel electrodes 9a, but FIG. 14 is different from FIGS. 5 and 6 in 

that the narrow width portion 362a is formed along a groove 3G l' formed on the TFT array 

substrate 10 and a broad width portion 361a is formed to protrude only downwardly in FIG. 

14. In this construction, the narrow width portion 362a of the scanning line 360a is formed 

from the upper portion in the drawing as viewed from the center of the first gap, and thus the 

narrow width portion 362a is formed to be positioned right below the contact hole 85 for 

connecting the pixel electrode 9a and the junction layer 71. Further, the narrow width portion 

362a is fanned to be entirely buried in the groove 3Gl'. 

[0160] According to this construction, as shown in FIG. 15, the contact hole 85 is 

formed on the scanning line 360a formed to be buried in the groove 3G l '. In other words, it 

is possible to form the contact hole 85 on the assumption that the step caused by the height of 

the scanning line 360a does not substantially appear on the surface of the third interlayer 

insulating film 43. 

[0161] In such a construction shown in FIGS. 14 and 15, in particular, an advantage 

from the contact hole 85 which can be easily and securely formed can be obtained. That is, 

assuming that a step due to the height of the scanning line or the narrow width portion is 

generated on the surface of the third interlayer insulating film 43, there is a possibility of a 
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disadvantage in that the contact hole 85 may be fonned on the vertex or on the ridge of the 

step. The present construction overcomes such a drawback. 

[0162] The above effects can be understood from the following point of view. That 

is, in the second exemplary embodiment, since the whole or a part of the scanning line is 

buried in the groove, and thus a step due to the height of the scanning line does not 

substantially appear on the surface of the respective interlayer insulating film, the formation 

position or the extending position of the scanning line need not be considered particularly. In 

other words, if the scanning line is between the adjacent pixel electrodes in the direction 

thereof, the scanning line may be formed at any position. This is because, even when the 

formation position or extending position of the scanning line is selected freely and the contact 

hole is formed thereon, as described above, the contact hole can be relatively easily and 

securely formed due to the absence of the step. 

[0163] Further, in case the narrow width portion has both the buried portion and the 

non-buried portion, it is preferable to form the groove such that the buried portion is 

positioned right below the contact hole 85. FIG. 12 corresponds to an example of such a 

construction. 

(Third exemplary embodiment) 

[0164] A third exemplary embodiment of the present invention is explained below 

with reference to FIGS. 16 to 19. FIG. 16 is a plan view illustrating another aspect in that a 

shape of the data line is different from that in FIG. 2. FIG. 17 is a sectional view taken along 

plane P-P' in FIG. 16, FIG. 18 is a sectional view taken along plane Q-Q' in FIG. 16, and FIG. 

19 is a sectional view taken along plane R-R' in FIG. 16. Further, since the basic construction 

and operation of the electro-optical device of the third exemplary embodiment are similar to 

those of the first exemplary embodiment, explanation about distinguishing features of the 

third exemplary embodiment is mainly described below. Furthermore, reference numerals in 

FIGS. 16 to 19 indicate the same elements as in FIGS. 1 to 15 referred to in the above 

description, when they indicates substantially equivalent elements. 

[0165] In the third exemplary embodiment, as shown in FIGS. 16 to 19, a data line 

6al includes a broad width portion 6aW of which a portion overlapping the TFT 30 is formed 

locally broad. Further, a width Wl of a portion extending along the data line 6al in the 

capacitive line 300, that is, the protruded portion 302, first, is broader than a width W2' of the 

portions except for the broad width portion 6a W in the data line 6al (in particular, see FIG. 

17). Second, the width Wl of the protruded portion 302 is almost equal to a width W6 of the 

broad width portion 6aW in the data line 6al (see FIG. 18). The channel area la' of the 
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semiconductor layer la is positioned almost at the center in the width direction of the broad 

width direction 6a W and almost at the center in the width direction of the scanning line 3a. 

Furthermore, in the third exemplary embodiment, as shown in FIGS. 16, 18 and 19, the broad 

width portion 6aW of the data line 6al is formed continuously from the portion overlapping 

the TFT 30 to the portion in which the contact hole 81 to connect the semiconductor layer la 

of the TFT and the data line 6a is provided, for each TFT 30 arranged in a matrix shape. In 

addition, in the third exemplary embodiment, as shown in FIGS. 17 to 19, the light-shielding 

film 23 is formed on the opposing substrate 20. A width WS of one-by-one lattice of the 

light-shielding film 23 is greater than that of the broad width portion 6aW. 

[0166] In the electro-optical device of the third exemplary embodiment constructed 

like the above, the following effects can be obtained. That ·is, first, since the broad width 

portion 6aW of the data line 6al and the protruded portion 302 of the capacitive line 300 

which is formed broad exist on the TFT 30, so called a double light-shielding effect can be 

obtained. Therefore, it is difficult for the light to enter the channel area la' of the TFT 30, 

and thus the light leak current can be reduced or minimized. 

[0167] In particular, in the third exemplary embodiment, the broad width portion 

6a W of the data line 6a also exists on the TFT 30 while overlapping the capacitive line 300. 

In this case, on the TFT 30, the light-shielding ability corresponding to the integrated value of 

their transmittances can be obtained. Further, since the channel area 1 a' of the semiconductor 

layer 1 a is positioned almost at the center in the width direction of the broad width portion 

6aW and almost at the center in the width direction of the scanning line 3a, the light-shielding 

ability can be enhanced. 

[0168] Second, in connection with such excellent light-shielding ability, in the third 

exemplary embodiment, as described above, the width Wl of the protruded portion 302 of the 

capacitive line 300 and the width W6 of the broad width portion 6aW of the data line 6a are 

less than the width WS of the light-shielding film 23 on the opposing substrate 20 ( that is, 

WS>Wl, WS>W6). According to this, the light entered from the upper portion of the TFT 

30 is first shielded by the light-shielding film 23 and is further shielded by the broad width 

portion 6a W of the data line 6a. Furthermore, although passing through the broad width 

portion 6aW, the incident light is next shielded by the protruded portion 302 of the capacitive 

line 300. In short, in the third exemplary embodiment, since triple light-shielding is 

implemented, it becomes more difficult for the light to enter the TFT 30. 

[0169] Third, in the third exemplary embodiment, the broad width portion 6aW of 

the data line 6a is formed continuously from the portion overlapping the TFT 30 to the 
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contact hole 81 for each TFT 30 arranged in a matrix shape. Since the contact hole 81 is 

provided to connect the semiconductor layer 1 a of the TFT 30 and the data line 6a as 

described above, the capacitive line 300 cannot be formed in the portion. However, in the 

third exemplary embodiment, in the formation position of the contact hole 81, the broad 

width portion 6aW of the data line 6a exists similarly to the upper portion of the TFT 30. 

Tllerefore, deterioration of the light-shielding ability caused by the absence of the capacitive 

line 300 can be compensated by the existence of the broad width portion 6aW. In this 

connection, as in the third exemplary embodiment, according to the aspect that the broad 

width portion 6a is formed continuously on the TFT 30 and on the formation position of the 

contact hole 81, since it is not necessary to broaden exceedingly the formation area of the 

broad width portion 6aW, it is preferable not to increase the inner reflection. 

[0170] As described above, in the third exemplary embodiment, by the combination 

of various effects, the possibility of the light incidence to the channel area la' is drastically 

decreased, and the generation of the light leak current in the TFT 30 and consequently the 

generation of the flicker and the like on the image due to the light leak current can be 

effectively suppressed, reduced or minimized. 

(The whole construction of the electro-optical device) 

[0171] The whole construction of the electro-optical device according to the present 

exemplary embodiment constructed like the above is explained with reference to FIGS. 20 

and 21. Further, FIG. 20 is a plan view of the TFT array substrate along with the respective 

elements formed thereon viewed from the opposing substrate 20 side, and FIG. 21 is a 

sectional view taken along plane H-H' in FIG. 20. 

[0172] In Figs. 20 and 21, in the electro-optical device according to the present 

exemplary embodiment, the TFT array substrate 10 and the opposing substrate 20 are 

arranged opposite to each other. A liquid crystal layer 50 is inserted and sealed between the 

TFT array substrate 10 and the opposing substrate 20 and the TFT array substrate 10 and the 

opposing substrate 20 are affixed to each other by a sealing material 52 provided in the 

sealing area positioned around the image display area 10a. 

[0173] In the outer area of the sealing material 52, a data line drive circuit 101 to 

drive the data line 6a by supplying image signals to the data line 6a at a predetermined 

timing, and the external circuit connecting terminals 102 are provided along one side of the 

TFT array substrate 10, and scanning line drive circuits 104 to drive the scanning line 3a by 

supplying scan signals to the scanning line 3a at a predetermined timing is provided along 

two sides adjacent to the one side. 
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[0174] Further, if delay of the scan signals supplied to the scanning line 3a does not 

matter, the scanning line drive circuit 104 on only one side is sufficient. Furthermore, the 

data line drive circuit 101 may be arranged on both sides along the sides of the image display 

area 10a. 

[0175] The remaining one side of the TFT array substrate 10 is provided with a 

plurality of wirings 105 for connection between the scanning line drive circuits 104 provided 

on both sides of the image display area 1 0a. Further, at least one comer of the opposing 

substrate 20 is provided with a conductive material 106 for electrical connection between the 

TFT array substrate 10 and the opposing substrate 20. Furthermore, as shown in FIG. 21, the 

opposing substrate 20 having almost the same profile as the sealing material 52 shown in 

FIG. 20 is bonded to the TFT array substrate 10 through the sealing material 52. 

[0176] In FIG. 21, after the TFTs for switching pixels, or wirings, such as the 

scanning lines, the data lines are formed on the TFT array substrate 10, and the oriented film 

is fonned on the pixel electrodes 9a. In addition to the opposing electrode 21, the oriented 

film is formed on the uppermost portion of the opposing substrate 20. Further, the liquid 

crystal layer 50 is formed of the liquid crystal in which, for example, one kind or several 

kinds of nematic liquid crystal are mixed, and is oriented in a predetermined state between a 

pair of oriented films. 

[0177] Furthermore, on the TFT array substrate 10, in addition to the data line drive 

circuit 101 and the scanning line drive circuit 104, a sampling circuit to apply image signals 

to the plurality of data lines 6a at a predetermined timing, a precharge circuit to supply a 

precharge signal of a predetermined voltage level to the plurality of data lines prior to the 

image signals, an inspection circuit to inspect the quality or defects of the electro-optical 

device during production thereof or in shipping thereof and the like may be formed. 

(Exemplary Embodiment of electronic apparatus) 

[0178] Next, for an embodiment of a color display device of a projection type that 

is an example of an equipment using the above-described electro-optical device as a light 

bulb, the whole construction thereof, in particular, the optical construction thereof is 

explained. FIG. 22 is a diagrammatic sectional view of the color display device of a 

projection type. 

[0179] In FIG. 22, a liquid crystal projector 1100 that is an example of the color 

display device of a projection type in the present exemplary embodiment includes three liquid 

crystal modules including the liquid crystal device in which the drive circuit is mounted on 

the TFT array substrate, and further includes the respective light bulbs 1 00R, 1 00G and 1 00B 
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for RGB. In the liquid crystal projector 1100, when transmitted light is emitted from a lamp 

unit of white light source such as a metal halide lamp, the light is divided into the light 

components R, G and B corresponding to the three primary colors RGB by three mirrors 

1106 and two dichroic mirrors 1108 and guided to the light bulbs 1 00R, 1 00G and 1 00B 

corresponding to the respective colors, respectively. At this time, in particular, in order to 

prevent or reduce the light loss caused by the long light path, the B light is guided through a 

relay lens system 1121 composed of an incident lens 1122, a relay lens 1123 and an exit lens 

1124. Then, the light components corresponding to the three primary colors modulated, 

respectively, by the light bulbs l00R, l00G and l00B are synthesized again by a dichroic 

prism 1112, and then are projected as a color image to a screen 1120 through a projecting 

lens 1114. 

[0180) The present invention is not limited to the above-described exemplary 

embodiments, and instead may be appropriately varied without departing from the gist or the 

spirit of the invention known throughout the claims and the specification. The electro-optical 

devices including such variation, for example, an electrophoresis apparatus or an electro­

luminescence display device, or the electronic apparatus including these electro-optical 

devices are also included in the technical range of the present invention. 
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SPECIFICATION 

ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

5 1. Field of the invention 

The present invention relates to an electro-optical device capable of performing 

active matrix drive and to an electronic apparatus having the same device. 

10 2. Description of the related art 

Conventionally, an electro-optical device comprising a pair of substrates 

constructed to sandwich an electro-optical material such as a liquid crystal therebetween 

and electrodes provided in each of the pair of substrates for applying an electric field to 

the electro-optical material is known. The electrodes are used for applying an electric 

15 field to the electro-optical material to vary the state of the material. According to such 

electro-optical device, for example, when the light emitted from a light source enters the 

device and the state of the electro-optical material is varied, it is possible to control the 

light transmittance and thus realize desired image display. 

Moreover, in electro-optical devices, by providing pixel electrodes arranged in a 

20 matrix shape, thin-film transistors (hereinafter, referred to as "TFT") connected to the 

respective pixel electrodes, and scanning lines and data lines connected to each of TFTs 

and provided in parallel to a row direction and a column direction, respectively, on one of 

the pair of substrates, it is known that active matrix drive can be performed. As a result, 

for each pixel defined by the pixel electrodes or the scanning lines and the data lines, it is 

2 5 possible to control the electric field applied to the electro-optical material and to control 
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the light transmittance. 

SUMMARY OF THE INVENTION 

However, in conventional electro-optical devices, there are following problems. 

5 That is, for an electro-optical device capable of performing the above active matrix drive, 

it is required to precisely drive the TFTs. However, to precisely drive the TFTs is a 

difficult task while satisfying the high precision and miniaturization requirements imposed 

in the recent electro-optical device. 

TFf comprises a semiconductor layer having a channel area, a source area and a 

10 drain area, and a gate electrode formed through an insulating film to cover at least a part of 

the channel area of the semiconductor layer. By applying or not applying the electric 

field to the channel area in accordance with the current applied (or not applied) to the gate 

electrode, the current flow can be controlled. 

At this time, the length of the channel area, refereed to as "channel length" or a 

15 width thereof, refereed to as "channel width", that is, the size of the channel area is, is 

important for determining the characteristics of TFTs. Further, an arrangement of the 

gate electrode on the channel area is also a very important factor. In this regard, 

conventionally, a conductive member electrically connected to the scanning line or a 

member constituting a part of the scanning line was used as the gate electrode. However, 

2 O there are problems in arranging the scanning line itself and the channel area. 

In short, it is required to realize a suitable arrangement of the channel area ( or 

TFT) and the scanning line (or gate electrode) while realizing the high precision required 

in the electro-optical devices. Further, it is required to realize the difficult task of 

precisely operating the TFT constructed as such. 

2 5 For example, it is not sufficient to drive the electro-optical device only by the TFT 
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and the scanning line (or the gate electrode) and various elements are additionally required. 

However, it is generally difficult to accomplish the above arrangement or adjustment in· 

connection with various other elements. Further, in the TFI', there is a disadvantage in 

that if is required to prevent the light leakage current which is generated by the light 

5 entering the channel area. That is, it is preferable that the TFI' is arranged as far as 

possible from a light-transmitting area, which is an area that the light contributes to image 

display in each pixel emitted through transmission or reflection, more specifically, from 

the pixel electrode. However, since this should be realized while satisfying the 

requirement of high precision, there is a further disadvantage in that the above 

10 arrangement/adjustment becomes more difficult an even more different task. 

The present invention is made in consideration of the above problems. 

Therefore, an object of the present invention is to provide an electro-optical device 

capable of easily adjusting the arrangement of a gate electrode and a scanning line and 

capable of precisely driving TFI' and an electronic apparatus comprising the electro-

15 optical device. 

In order to solve the above problems, the electro-optical device of the present 

invention comprises, on a substrate, scanning lines extending in a predetermined direction, 

data lines extending in a direction intersecting the scanning lines, thin-film transistors 

formed correspondingly to intersecting areas of the scanning lines and the data lines, and 

2 0 pixel electrodes formed correspondingly to the thin-film transistors, wherein the respective 

scanning line has a broad width portion as a gate electrode in a portion facing a channel 

area of the respective thin-film transistor and a narrow width portion in the other portion. 

According to the electro-optical device of the present invention, by supplying scan 

signals and image signals to the thin-film transistors through the scanning lines and the 

2 5 data lines, the pixel electrodes can be driven in an active matrix mode. 
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More specifically, in the present invention, since the scanning lines have the broad 

width portions as the gate electrode in a portion facing the channel area of the thin-film 

transistor and the narrow width portion in other portion, it is not only possible to realize 

the narrowness of the scanning line but also to more easily adjust/determine the 

5 arrangement between the channel area (or the thin-film transistor) and the scanning line 

than in the conventional art. 

For example, when a plurality of pixel electrodes are arranged in a matrix shape, it 

is generally preferable that the thin-film transistor are configured such that the channel 

area of the thin-film transistor is positioned at the position farthest from the corner of each 

10 pixel electrode, that is, at the center position of a space among adjacent and opposite 

corners of the pixel electrodes when four pixel electrodes are considered (because it is 

farthest from the light transmitting area). However, in this case, by allowing the channel 

area to extend through a space between adjacent pixel electrodes including the center 

position, it is possible to adequately determine the channel length, and by arranging the 

15 scanning line.to intersect it, it is possible to realize a structure that the broad width portion 

of the scanning line exists on the channel area. Therefore, in this case, it is possible to 

simultaneously realize the trade-off requirements in securing the adequate channel length, 

that is, securing an adequate operation characteristic of the thin-film transistor and the 

narrowness of the scanning line, required for high precision or miniaturization of the 

2 0 electro-optical devices. Further, in this case, the light incidence to the thin-film transistor 

or the channel area can be prevented as much as possible under the above-described 

assumption. 

Like the above, according to the present invention, it is possible to adequately 

adjust the arrangement between the thin-film transistor and the scanning line or the gate 

2 5 electrode while satisfying the high precision requirements of the electro-optical devices. 
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Further, this structure renders a good outcome even after arrangement of various elements 

constituting the electro-optical device has been adjusted and determined, in addition to the 

above scanning line and the thin-film transistor. Furthermore, according to the present 

invention, it is possible to precisely drive the thin-film transistor, and thus maintain the 

5 quality of image to be displayed at high level. 

Further, in the present invention, "broad width" means that it is broader than the 

width of the "narrow width portion" and "narrow width" means that it is narrower than the 

width of the "broad width portion". In short, broad and narrow degree of "the broad 

width portion" and the "narrow width portion" is determined in accordance with the 

10 relative relationship between them. Furthermore, the real width of the broad width portion 

or the narrow width portion can be adequately determined theoretically, experimentally or 

by means of simulation. 

In one aspect of the electro-optical device of the present invention, the broad 

width portion has a portion lengthened from the narrow width portion. 

15 According to this aspect, it is possible to form the scanning line relatively easily 

having the broad width portion and the narrow width portion. More specifically, for 

example, by employing the known photolithography and etching methods with the 

assumption that the broad width portion and the narrow width portion are formed through 

the incorporated pattern, the scanning line according to the present aspect can be easily 

20 formed. 

In another aspect of the electro-optical device of the present invention, the broad 

width portion has a portion connected to the narrow width portion. 

According to this aspect, for example, the broad width portion includes the 

portion formed by connecting a conductive member and the like prepared separately to the 

2 5 narrow width portion. Even in this case, the broad width portion can be formed 
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relatively easily. 

In another aspect of the electro-optical device of the present invention, the 

scanning line extends in a direction intersecting the direction in which the channel area 

extends and the broad width portion extends in a single direction or bi-directionally in 

5 which the channel area extends. 

According to this aspect, since the broad width portion extends in the single 

direction or bi-directionally in which the channel area extends, it is possible to more 

adequately adjust the arrangement of the thin-film transistor and the scanning line. 

Further, according to this aspect, since the gate electrode is adequately formed in 

10 accordance with the channel length, the electric field can be more effectively applied to 

the channel area. 

Further, like the above, according to the aspect that the gate electrode, that is, the 

broad width portion is provided in the portion to be the channel area corresponding to the 

channel area, for example, the so-called self-aligned formation of the thin-film transistor 

15 (that is, formation of the source area and the drain area adjacent to the channel area 

20 

through an ion implantation process using the gate electrode as a mask) can be easily 

executed. However, in this case, strictly speaking, the channel area is formed by carrying 

out the ion implantation process after forming the broad width portion to be the gate 

electrode. 

In another aspect of the electro-optical device of the present invention, the pixel 

electrodes are arranged in a matrix shape and the channel areas are formed in an 

intersecting area in which a first long gap extending through a space between pixel 

electrodes sandwiching of the scanning line and being adjacent to each other and a second 

long gap extending through a space between pixel electrodes sandwiching the data line 

25 and being adjacent to each other are intersected. 
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This aspect is similar to the above mentioned aspect and is one of the aspects in· 

which the operational effect of the present invention is exhibited most effectively. 

That is, according to this aspect, the channel area of the thin-film transistor is 

formed in the intersecting area of the pixel electrodes arranged in a matrix shape. The 

5 intersecting area is an area in which the first long gap extending through a space between 

pixel electrodes sandwiching the scanning line and being adjacent to each other and the 

second long gap extending through a space between pixel electrodes sandwiching the data 

line and being adjacent to each other are intersected in· a plan view. By such 

configuration, it is difficult for light to enter the channel area. 

10 

15 

Further, along with such operational effect, since the scanning line has the broad 

width portion as the gate electrode is opposite to the channel area, the arrangement 

between the channel area (or the thin-film transistor) and the gate electrode (or the 

scanning line) can be determined most adequately and it is also possible to secure the 

adequate channel length and narrowness of the scanning line. 

In this aspect, in particular, the narrow width portion is formed at a position 

deviated from a center of the first gap and the broad width portion, is formed at the center 

of the first gap in the intersecting area. 

According to this configuration, the narrow width portion of the scanning line 

extends through the space between the adjacent pixel electrodes but does not exist at the 

2 0 center thereof and is formed at the position deviated from the center thereof. As a result, 

first, the improvement in the quality of the displayed image can be obtained, especially for 

the liquid crystal display device that is an example of the electro-optical device, and the 

reason thereof is as follows. 

That is, in the present aspect, when performing the rubbing process on a convex 

2 5 portion on the oriented film normally provided in the liquid crystal display device, in 
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particular, a convex portion formed by "height" of the narrow width portion, 

nonuniformities are usually generated in the convex portion. Further, it is considered 

that the degree of nonuniformity is different from each other in the portion associated with 

the rubbing up convex portion (that is, the direction ascending to the convex portion) and 

5 the portion associated with the rubbing down convex portion (that is, the direction 

descending from the convex portion). 

More specifically, for example, it is more difficult to generate nonuniformity in 

tht? portion associated with the rubbing up convex portion than in the portion associated 

with the rubbing down convex portion. 

10 Further, if the nonuniformity is left as it is, a poor orientation of the liquid crystal 

may be caused to result in the operation failure of the electro-optical devices. In the 

difference in the degree of nonuniformity between the rubbing-up process and the 

rubbing-down process, the latter has greater possibility to cause the bad orientation of the 

liquid crystal than the former. 

15 It is significant that the narrow width portion of the present aspect is formed at a 

position deviated from the center of the first gap between the pixel electrodes. That is, if 

the narrow width portion is formed at the above-described position, the vertex of the 

convex portion caused by the narrow width portion is also formed at the position deviated 

from the center of the first gap, and this means that it is possible to form almost only half 

2 0 inclined surface of the convex portion on the area corresponding to the first gap, that is, to 

form only the portion associated with the rubbing-down on the area. Further, in this case, 

if the light-shielding film is provided corresponding to the first gap, it is possible to 

effectively shield only the portion associated with the rubbing-down, that is, to effectively 

shield the corresponding portion of the convex portion to be most influenced by the 

2 5 non uniformity. 
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As a result, according to the present aspect, since the operation failure of the 

electro-optical device caused by nonuniformities can be substantially prevented, and the 

portion of the convex portion associated with the rubbing-up, which is not affected by 

nonuniformities, is able to transmit the light contributing to the image display. Thus, it is 

5 possible to improve the opening ratio of pixel, that is, to provide a brightened.image 

display. As a result, according to the present aspect, from the above-mentioned point of 

view, the improvement in the display image can be obtained. 

Further, by forming the narrow width portion at the position deviated from the 

center of the first gap, it is also possible to improve the degree of freedom in designing the 

10 electro-optical devices and to more effectively prevent light from entering the thin-film 

transistor. The reason thereof is as follows. 

That is, in the present aspect, the narrow width portion extends through the first 

gap between the adjacent pixel electrodes, but does not exist at the center thereof. For 

this reason, by using the area in the first gap where the narrow width portion is not 

15 provided, in a plan view, it is possible to provide other wires such as the capacitive line 

made up of the same film as the narrow width portion, in parallel to the narrow width 

portion. That is, the degree of freedom of design is increased. 

Further, in the above-mentioned case, although the narrow width portion is 

deviated from the center thereof, it is possible to arrange the broad width portion as the 

2 0 • gate electrode at the center of the gap, by adjusting the width of the broad width portion, 

for example, by broadening only one side or by broadening one side more than the other 

side small. Like the above, since the gate electrode can be arranged at a position 

advantageous for increasing the light-shielding ability regardless of the position of the 

scanning line, or since the scanning line can be arranged at an arbitrary portion in the gap. 

2 5 while arranging the gate electrode .at the position advantageous for increasing the light-
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shielding ability, it is possible to realize a thin-film transistor having a high light-shielding 

ability while increasing the degree of freedom in arranging wires including the 

arrangement of the scanning lines. 

In this configuration, further, the broad width portion may be formed at the center 

5 of the second gap in the intersecting area. 

10 

According to such construction, the channel area is formed at the position farthest 

from the adjacent or opposite corners of the electrodes in accordance with the above­

described method, when four pixel electrodes are considered to be used. That is, it 

becomes very difficult for light to enter the channel area. 

In another aspect of the electro-optical device of the present invention, grooves 

are formed in the substrate along the scanning lines, and the scanning lines are buried at 

least partially in the grooves directly or through an interlayer insulating film. 

According to this aspect, since the scanning line is buried in the groove formed in 

the substrate, the generation of a step on the surface of the interlayer insulating film 

15 formed as the upper layer or on the surface of the pixel electrodes and the oriented film, 

etc. caused by the height of the scanning line itself can be prevented earlier. That is, the 

surface can be leveled very well. Then, if the surface of the oriented film is leveled, the 

rubbing process can be adequately performed for the orientation process and the orientated 

state of the liquid crystal molecules contacting the oriented film can be maintained well. 

2 O Therefore, according to the present aspect, since the possibility of bad orientation can be 

decreased and the light leakage caused by the bad orientation can be markedly prevented, 

it is possible to display a high-quality image. 

In another aspect of the electro-optical device of the present invention, the narrow 

width portion has a buried portion buried in the groove and extending along the scanning 

2 5 line and a non-buried portion not buried in the groove and extending along the scanning 
I 
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line in parallel to a buried portion, and a base of the pixel electrode is positioned high 

along the scanning line due to the presence of the non-buried portion. 

According to this aspect, the narrow width portion has both the buried portion and 

the non-buried portion. Then, the both of the buried portion and the non-buried portion 

5 extend along the scanning line and the base of the pixel electrode protrudes above along 

the scanning line due to the presence of the non-buried portion. 

Through this construction, first, the effect associated with the above-described_ 

leveling can be similarly obtained by the buried portion. That is, the surface of the 

interlayer insulating film to be formed as the upper layer of the buried portion, or the 

10 surfaces of the pixel electrodes and the oriented film have the an excellent leveled feature, 

and thus it is possible to reduce the possibility of having the bad orientations. 

Next, since the step including the convex portion along the scanning line is 

formed on the surface of the oriented film to be formed as the upper layer of the non­

buried portion and the like, the above-described effects of leveling cannot be obtained by 

15 the non-buried portion. However, the following advantages can be obtained. 

First, in electro-optical device according to the present invention, for the purpose 

of preventing deterioration of the liquid crystal, increasing the device life and reducing 

the cross talk or flicker of the displayed image, a method of dividing the pixel electrodes 

into two groups and then inversely driving them in separate cycles may be employed. 

2 O That is, a plurality of pixel electrodes including a first pixel electrode group to be 

inversely driven at a first period and a second pixel electrode group to be inversely driven 

at a second period compensatory with the first period, are arranged in a plain on the 

substrate. There are (i) the adjacent pixel electrodes to be driven with driving voltages of 

inverse polarities at the respective times in the inverse-driving and (ii) the adjacent pixel 

2 5 electrodes to be driven with driving voltages of the same polarity at the respective times in 
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the inverse driving. If the pixel electrodes corresponding to (i) are arranged in the 

direction along the data lines and the pixel electrodes corresponding to (ii) are arranged in 

the direction along the scanning lines, the pixel electrodes arranged in the direction along 

any one scanning line are driven with one polarity and the pixel electrodes arranged in the 

5 direction along another scanning line adjacent to the any one scanning line are driven with 

an inverse polarity to the one polarity (so-called 11 11-1 inverse driving"). 

However, in this case, between the pixel electrodes adjacent to each other along 

the data line, the horizontal electric field based on the driving voltages of inverse polarities 

is generated. Such horizontal electric field may interfere the electric field (may be 

10 referred to as vertical electric field in contrast to the _horizontal electric field) generated 

between the pixel electrode and the opposing electrode, and as a result, it becomes 

difficult to obtain the orientation state of the liquid crystal molecules as desired, so that the 

image display may be affected. 

Further, in the present aspect, in a case that such adverse effects may be caused, 

15 the convex portion formed on the base of the pixel electrode along the scanning line has a 

distinct significance. 

That is, first, when the edge portions of the respective pixel electrodes are formed 

to be positioned on the step, the vertical electric field generated between the respective 

pixel electrodes and the opposing electrode is intensified compared to the horizontal 

2 0 electric field generated between the adjacent pixel electrodes (in particular, the pixel 

electrodes included in the different pixel electrode group). That is, since the electric field 

generally intensifies as the distance between the electrodes becomes shorter, the edge 

portions of the pixel electrodes near the opposing electrode by the height of the step 

generates an intense vertical electric field. . Second, whether the edge portions of the 

2 5 respective pixel electrodes are positioned on the step or not, the horizontal electric field 
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generated between the adjacent pixel electrodes (in particular, the pixel electrodes 

included in a different pixel electrode group) is weakened by the presence of the step in 

accordance with the dielectric constant, and even by reducing (replacing partially from the 

step) the volume of the electro-optical material through which the horizontal electric field 

5 passes, the effect that the horizontal electric field has on the electro-optical material can be 

reduced. Therefore, the operation failure from the electro-optical material such as the 

bad orientation of the liquid crystal by the horizontal electricJield caused by the inverse 

driving method, can be reduced. At this time, as described above, the edge portions of 

the pixel electrodes may be or not be positioned on the step and may be positioned on the 

1 O inclined step or on almost vertical side surface thereof. 

In addition, since the light-shielding film for concealing the operation failure 

caused by the electro-optical material, can be formed small, it is also possible to increase 

the opening ratios of the respective pixels without having the bad image display, caused 

by the light leakage, generated. 

15 As described above, according to the present aspect, first, due to the presence of 

the buried portion, the effects associated with the above-described leveling can be 

obtained, and second, by forming intentionally the step including the convex portion along 

the scanning line by the presence of the non-buried portion, the generation of the 

horizontal electric field can be prevented. 

2 O In another aspect of the electro-optical device of the present invention, a capacitor 

electrode on a pixel potential side constituted a storage capacitor connected to the pixel 

electrode and a a capacitive line having capacitor electrode on a fixed potential side 

arranged constituting the storage capacitor arranged opposing the capacitor electrode on 

the pixel potential side through a dielectric film, may be further comprised. The capacitive 

2 5 line has a main line portion extending along the scanning line and a portion extending 

Page 259 of 395



- 14 -

along the data line, and a width of the portion extending along the data line in the 

capaciiive line is equal to or broader than that of the data line. 

F007516 

According to this aspect, since the storage capacitor, having a construction such 

that the capacitor electrode on the pixel potential side and the capacitor electrode on the 

5 fixed potential side are arrang.ed opposite to each other, is connected to the pixel electrode~ 

the voltage of the image signal written in the pixel electrode can be maintained for a long 

time. In particular, in the present aspect, since the width of the portion extending along· 

the data line in the capacitive line is equal to or broader than that of the data line, it is 

possible to further lower the resistance of the capacitive line. Further, in the present 

10 aspect, since a low resistance of the capacitive line can be realized as described above, 

from the point of view of the whole device, the narrow·ness of the capacitive line and 

further narrowness of the storage capaci_tor can be accomplished, and as a result, it is 

possible to improve the opening ratio. In the "narrowness of the capacitive line", since 

the capacitive line itself has a width equal to or "broader than" the width of the data line 

15 on the surface, it may appears to be a contradiction, but the broad width and the narrow 

width should be determined from the relative relationship between the capacitive line and 

the data line, such that from the point of view of the whole device, the "narrowness of the 

capacitive line II can be accomplished, compared to the conventional art. Furthermore, in 

the broad width and narrow width described above or the "broader than" to be described in 

2 0 the present invention, the discrete values of the width can be adequately determined 

theoretically, experimentally, experientially or by means of simulation. 

Further, according to the present aspect, it is possible to effectively prevent the 

light from entering the thin-film transistor, in particular the channel area thereof, 

compared to the conventional art, as well as obtaining the above-described low resistance. 

2 5 This is because, as described above, although in the conventional art, the light reflected 
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from the back of the data line and the like becomes a stray light and thus may enter the 

thin-film transistor, but according to the present aspect, the possibility that the advance of 

such stray light is shielded by the capacitive line formed in the width equal to or broader 

than that of the data line is increased. 

From the above, according to the present invention, the problems such as the cross 

talk or bum-in that were prevalent in the conventional art can be reduced by means of 

the low resistance of the capacitive line. Further, since the light leak current in the thin­

film transistor is reduced, it is possible to display a high quality image. 

Further, in the present invention, since the portion extending along the data line 

10 exists in the capacitive line, the area of the storage capacitor can be increased. This 

markedly contributes to the image display having high quality. 

Furthermore, in order to more effectively accomplish the light-shielding function 

described above, materials having a good light-shielding feature may be employed for the 

capacitive line. For example, single metal, alloy, metal silicide, poly-silicide or 

15 laminated layer thereof, containing at least one from Al (aluminum), Cu (copper); Ti 

(titan), Cr (chrome), W (tungsten), Ta (tantalum), and Mo (molybdenum) can be 

adequately employed. Further, in addition to the above, for example, light-absorbing 

materials such as poly-silicon can be employed. 

In this aspect, a portion overlapping the thin-film transistor in the data line may be 

2 0 formed locally broad, and a width of the portion extending along the data line in the 

capacitive line may be broader than that of the portion not formed broad in the data line 

and equal to that of the portion formed broad in the data line. 

By such construction, the portion overlapping the thin-film transistor in the data 

line is formed locally broad. Then, the width of the portion formed broad is equal to that 

2 5 of the portion extending along the data line in the above-described capacitive line. That 
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is, from this construction, the data line and the capacitiv_e line all formed broad are 

positioned on the thin-film transistor. Thus, the light entered from the upper portion of 

the thin-film transistor can be more securely prevented. 

More specifically, for example, when the capacitive line is made up of metal 

5 having a high melting point, the capacitive line can independently have the light-shielding 

ability that the transmittance thereof is about 0.1 % (2 or more in OD (Optical Density)). 

However, if the silicide forming process is performed on the capacitive line, the 

composition thereof is varied and thus the light-shielding ability may be reduced. In 

this case, only the light-shielding ability having the transmittance of 0.1 % or more may be 

10 obtained. 

However, in the present aspect, the data line overlapping the capacitive line 

composed of such metal film having a high melting point is further comprised. If the 

construction for performing the Hght shielding of the thin-film transistor by means of 

overlapping the capacitive line and the data line is employed, the light-shielding ability 

15 corresponding to the added value of these transmittances can be obtained. For example, 

when the data line is made up of aluminum, etc., the light-shielding ability with a 

transmittance of 0.001 % or less (4 or more in the OD value) can be accomplished. 

Further, in the present aspect, in particular, that the broad width of the portion 

extending along the data line in the capacitive line is broad means that it is broader than . 

2 0 that of the portion not formed broad in the data line. 

25 

Also, a portion overlapping the thin-film transistor in the data line is formed 

locally broad, and a width of the portion extending along the data line in the capacitive 

line is broader than that of the portion not formed broad in the data line and narrower than 

that of the portion formed ~road in the data line. 

According to this aspect, the portion overlapping the thin-film transistor in the 
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data line is formed locally broad. That is, from this construction, the data line and the 

capacitive line all formed broad are positioned on the thin-film transistor. Therefore, the 

light entered from the upper portion of the thin-film transistor can be more securely 

prevented. 

5 Furthermore, in the present aspect, in particular, the width of the portion 

extending along the data line in the capacitive line is formed narrower than that of the data 

line. That is, in the portion, the width of the data line is narrower than that of the 

capacitive line; From this construction, for example, when the data line is made up of 

aluminum having a high light reflexibility, a stray light generated by reflecting the 

10 incident light by any element in the electro-optical device, a light returning to the electro­

optical device after a light emitted from the electro-optical device is reflected by any 

element outside of the electro-optical device, or in a projection type display device such as 

a color-displayable liquid crystal projector comprising a plurality of electro-optical 

devices, a light emitted from other electro-optical device and generated by returning to the 

15 electro-optical device is reflected by the data line to thereby prevent the stray light from 

being increased. ® This is because the portion of the data line formed broad is relatively 

narrower than the capacitive line. 

In this aspect that has the data line having a portion overlapping the thin-film 

transistor formed broad, the capacitive line is arranged at the overlapped position between 

20 the thin-film transistor and the data line, and the data line may be constructed such that the 

portion provided with a contact hole for connecting to the thin-film transistor is formed 

broad in addition to the portion overlapping the thin-film transistor. 

From this construction, even when the capacitive line as the light-shielding film 

could is not provided, the decrease in the light-shielding ability can be compensated by 

2 5 forming broad the data line for the contact hole. 
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Alternatively, for each thin-film transistor, the data line is formed continuously 

broad from the portion overlapping the thin-film transistor to the portion in which the 

contact hole is provided. 

From this construction, the light shielding of the thin-film transistor can be more 

5 securely accomplished. 

Further, the portion formed broad in the portion overlapping the thin-film 

transistor and the portion formed broad in the portion in which the contact hole is provided 

may be separately formed broad. If arranging the portion overlapping the thin-film 

transistor and the portion in which the contact hole is provided close to each other and 

10 forming them continuously broad as in the present aspect, since the area to be formed 

broad need not be exceedingly broad, it is advantageous from the point of view of not 

increasing the inner reflection. 

In another aspect of the electro-optical device of the present invention, another 

substrate opposing the substrate through an electro-optical material and a light shielding 

15 film formed on the another substrate may be further comprised, and the width of the data 

line and the width of a portion extending along the data line in the capacitive line are 

narrower than that of the light-shielding film. 

From this aspect, if it is assumed that the light is entered from another substrate, 

the laminated structure of the light-shielding film, the data line and the capacitive line in 

2 0 the order from the light incidence side can be constructed. The width of the former is 

broader than those of the latter two. That is, the advance of the incident light is blocked 

by the broader light-shielding film, and only the light passing through it reaches the data 

line and the capacitive line. Further, when the light passing through the light-shielding 

film reaches the data line and the capacitive line, the data line and the capacitive line can 

2 5 be expected to perform the above,..described light-shielding function. In short, according 
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to the present aspect, it is possible to improve the light resistance of the thin-film transistor 

and to reduce the generation of the light leakage. 

Further, if the pixel electrodes are arranged in a matrix shape, the nlight-shielding 

film" in the present aspect may be formed in a stripe shape or a lattice shape to extend 

5 • through spaces between the pixel electrodes. Furthermore, according to circumstances, 

the light-shielding film may be formed as a laminated structure made of, for example, a 

light-absorbing material such as chrome or chrome oxide and a light-reflecting material 

such as aluminum. 

An electronic apparatus of the present invention may comprise the above-

10 described electro-optical device (including various aspects). 

According to the electronic apparatus of the present invention, for example, sin9e 

it comprises the electro-optical device capable of adequately adjusting the arrangement 

between the thin-film transistor and the scanning line, it is possible to realize various 

electronic apparatuses such as a liquid crystal projector, a liquid crystal television, a 

15 portable phone, an electronic pocket book, a word processor, a view finder type or monitor 

direct vision-type videotape recorder, a work station, a video phone, a POS terminal, and 

a touch panel, capable of precise operation of the thin-film transistor and high quality 

image display.@ 

The above effects and other advantages of the present invention will be more 

2 0 apparent from the following embodiments. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a circuit diagram illustrating an equivalent circuit of various clements, 

wirings and the like provided in a plurality of pixels, having a matrix shape, constituting 

25 an image display area in an electro-optical device according to an embodiment of the 
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present invention. 

FIG. 2 is a plan view of a group of adjacent plural pixels in a TFf array substrate 

where data lines, scanning lines, pixel electrodes are formed in the electro-optical device 

according to an embodiment of the present invention. 

5 FIG. 3 is a sectional view taken along a line A-A' in FIG. 2. 

FIG. 4 is a plan view illustrating only a shape pattern of the scanning lines shown 

in FIG. 2. 

FIG. 5 is a diagram with the same purpose as FIG. 2 and illustrates another 

embodiment in which the arrangement of the scanning lines and the TFTs is.different from 

10 that in FIG. 2. 

FIG. 6 is a plan view illustrating only a shape pattern of the scanning lines shown 

in FIG. 5. 

FIG. 7 is a sectional vie~ taken along a line B-B' in FIG. 5. 

FIG. 8 is a diagram with the same purpose as FIG. 2 and illustrates another 

15 embodiment different from that in FIG. 2 in that grooves are formed on the TFT array 

substrate and the scanning lines are buried in the grooves. 

FIG. 9 is a sectional view illustrating a profile of a narrow width portion of the 

scanning lines shown in FIG. 8. 

FIG. 10 is a diagram with the same purpose as FIG. 2 and illustrates another 

2 0 embodiment different from that in FIG. 2 in that grooves are formed on the TFf array 

substrate and a part of the scanning lines are buried in the grooves. 

25 

FIG. 11 is a sectional view illustrating a profile of a narrow width portion of the 

scanning line shown in FIG. 10. 

FIG. 12 is a sectional view taken along a line T-T' in FIG. 10. 

FIG. 13 is an explanatory diagram for explaining the generation of a horizontal 
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electric field. 

FIG. 14 is a diagram with the same purpose as FIG. 2 and illustrates another 

embodiment different from that in FIG. 2 in that grooves are formed on the TFf array 

substrate and the narrow width portion of the scanning.line is deviated from the center of a 

5 first gap. 

10 

15 

20 

25 

FIG. 15 is a sectional view taken along a line T-T' in FIG. 14. 

FIG. 16 is a diagram with the same purpose as FIG. 2 and illustrates another 

embodiment that a shape of the data line is different from that in FIG. 2. 

FIG. 17 is a sectional view taken along a line P-P' in FIG. 16. 

FIG. 18 is a sectional view taken along a line Q-Q' in FIG. 16. 

FIG. 19 is a sectional view taken along a line R-R' in FIG. 16. 

FIG. 20 is a plan view when the TFf array substrate of the electro-optical device 

according to the embodiment of the present invention is seen from the opposing substrate 

side along with the respective elements formed thereon. 

FIG. 21 is a sectional view taken along a line H-H' in FIG. 20. 

FIG. 22 is a schematic sectional view illustrating.a color liquid crystal projector 

that is an example of a projection type color display apparatus as an embodiment of an 

electronic apparatus of the present invention. 

[reference numerals] 

la SEMICONDUCTOR LAYER 

la' CHANNEL AREA 

330a, 330a', 340a, 350a, 360a SCANNING LINE 

331a, 331a', 341a, 351a, 361a BROAD WIDTH PORTION 

332a, 332a', 342a, 352a, 362a NARROW WIDTH PORTION 
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3Gl, 3Gl', 3G2 GROOVE 

352aB BURIED PORTION 

352aNB NON-BURIED PORTION 

430 STEP 

9a PIXEL ELECTRODE 

10 TFT ARRAY SUBSTRATE 

16 ORIENTED FILM 

30 TFT 

50 LIQUID-CRYSTAL LA YER 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will be explained with 

reference to the drawings. In following embodiments, an electro-optical device of the 

present invention is applied to a liquid crystal device. 

First, a construction of a pixel part in the electro-optical device according to an 

embodiment of the presenUnvention will be explained with reference to FI Gs. 1 to 4. 

Fig.1 shows an equivalent circuit of various elements, wirings and the like in a plurality of 

pixels formed in a matrix shape constituting an image display area 10a of the electro­

optical device. FIG. 2 is a plan view of a group of a plurality of pixels adjacent to each 

2 0 other on a TFT array substrate in which data lines, scanning lines, pixel electrodes and the 

25 

like are formed. Further, FIG. 3 is a sectional view taken along a line A-A' in FIG. 2. 

Further, in FIG. 3, in order for each layer and each member to have recognizable sizes on 

the drawing, different scales are applied to each layer and each member. Furthermore, 

FIG. 4 is a plan view illustrating shapes of only the scanning lines extracted from FIG. 2. 

In FIG. 1, in the plurality of pixels formed in a matrix shape constituting the 
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image display area of the electro-optical device according to the present embodiment, a 

pixel electrode 9a and a TFf 30 for controlling switching of the pixel electrode 9a are 

formed, respectively, and data lines 6a supplied with image signals are electrically 

connected to sources of the TFfs 30. Image signals Sl, S2, ... , Sn to be, in this order, 

5 written may be sequentially supplied to the data lines 6a, or may be supplied to each group 

which has a plurality of data lines 6a adjacent to each other. 

Further, scanning lines 330a are electrically connected to gates of the TFfs 30 and 

at a predetermined timing, scanning signals Gl, G2, ... , Gn are pulse-like applied to the 

scanning lines 330a in that order. The pixel electrodes 9a are electrically connected to 

10 drains of the TFfs 30, and by closing switches of the TFfs 30, that is, switching elements 

for a predetermined time interval, the image signals Sl, S2, ... , Sn supplied from the data 

lines 6a are written at a predetermined timing. 

A predetermined level of the image signals Sl, S2, ... , Sn which have been 

written through the pixel electrodes 9a to a liquid crystal that is an example of an electro-

15 optical material are maintained for a predetermined time interval between the pixel 

electrode 9a and an opposing electrode formed on an opposing substrate. The liquid 

crystal modulates light by varying orientation or order of molecules according to the 

applied voltage level and thus it is possible to execute the gradation display. If it is in a 

normally-white mode, transmittance for the incident light is decreased in accordance with 

20 the voltage applied in a unit of pixel and if it is in a normally-black mode, the 

transmittance for the incident light is increased in accordance with the voltage applied in a 

unit of pixel. Therefore, as a whole, light having a contrast responsive to the image 

signals is emitted from the electro-optical device. 

In order to prevent the maintained image signals from being leaked, a storage 

2 5 capacitor 70 is added in parallel to a liquid crystal capacitor formed between the pixel 
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electrode 9a and the opposing electrode. 

Now, a more specifi,c construction of the electro-optical device in which the 

above..:described circuit operation is executed by using the data lines 6a, the scanning lines 

330a, the TFfs 30 and the like will be explained with reference to FIGs. 2 and 3. 

5 First, the electro-optical device according to the present embodiment, as shown in 

FIG. 3 which is a sectional view taken along a line A-A' in FIG. 2, comprises a TFf array 

substrate 10 and a transparent opposing substrate 20 arranged opposite thereto. The TFf 

array substrate 10 is made of, for example, a quartz substrate, a glass substrate or a silicon 

substrate, and the opposing substrate 20 is made of, for example, a glass substrate or a 

10 quartz substrate. 

As shown in FIG. 3, the TFf array substrate 10 is provided with a pixel electrode 

9a, and an upper portion of the pixel electrode is provided with an oriented film 16 which 

has been subjected to a predetermined orientation process such as a rubbing process. The 

pixel electrode 9a is made of, for example, a transparent conductive film such as an ITO 

15 (Indium Tin Oxide) film. 

The opposing substrate 20 is provided over the whole surface thereof with an 

opposing electrode 21, and a lower portion of the electrode is provided with an oriented 

film 22 which has been subjected to a predetermined orientation process such as a rubbing 

process. The opposing electrode 21 is made of, for example, a transparent film such as 

2 0 an ITO film. 

Next, in FIG. 2, a plurality of pixel electrodes 9a (profiles thereof are indicated by 

dotted lines 9a') are provided in a matrix shape on the TFf array substrate 10 of the 

electro-optical device, and data lines 6a of aluminum films and scanning lines 330a of 

poly-silicon films are provided along horizontal and vertical boundaries of the pixel 

2 5 electrodes 9a. 
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Each scanning line 330a is arranged opposite to a channel area la' indicated by 

oblique lines area extending from lower left to upper right in the semiconductor layer la 

of a poly-silicon film and functions as a gate electrode. That is, in portions where the 

scanning lines 330a and the data lines 6a are intersected, TFf s 30 for switching pixels 

5 where broad width portions 331a (to be explained later) of the scanning lines 330a are 

arranged opposite to the channel areas la' as gate electrodes are provided. In other words, 

TFfs 30 in the present embodiment, in particular, the channel areas la' thereof are formed 

in intersecting areas of the plurality of pixel electrodes 9a arranged in a matrix shape. 

The intersecting area means an area where, in plan view, a first long gap (X direction in 

1 O FIG. 2) extending through a space between adjacent pixel electrodes 9a sandwiching the 

scanning lines therebetween and a second long gap (Y direction in FIG. 2) extending 

through a space between adjacent pixel electrodes sandwiching the data line 6a 

therebetween, are intersected. 

More specifically, with reference to FIG. 2, the intersecting area corresponds to, for 

15 example, a position farthest from each of a lower-right corner of the pixel electrode 9a 

shown on the upper-left side of the plan view, a lower-left corner of the pixel electrode 9a 

shown on the upper-right side, an upper-right corner of the pixel electrode 9a shown on 

the lower-left side and an upper-left corner of the pixel electrode 9a shown on the lower­

right side of the plan view. Since the TFT 30 is formed at such position, it is difficult for 

2 0 an incident light to directly enter the channel area la' of the TFT. 

The TFT 30, as shown in FIG. 3, has an LDD (Lightly Doped Drain) structure, 

and comprises a channel area la' of the semiconductor layer la where a channel is formed 

by an electric field from the scanning line which functions as a gate electrode as described 

above, an insulating film 2 having a gate insulating film for insulating the scanning line 

2 5 330a from the semiconductor layer la, a low-concentration source area lb, a low-
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concentration drain area le, a high-concentration source area ld and a high-concentration 

drain area le. 

Further, although it is preferable that the TFT 30 has the LDD structure as shown 

in FIG. 3, the TFT 30 may have an offset structure in which impurities are prevented from 

5 being infiltrated into the low-concentration source area lb and the low-concentration drain 

area le, or may be a self-alignment type TFT for infiltrating impurities at high 

concentration using the gate electrode constituting a part of the scanning line 330a as a 

mask to automatically form the high-concentration source area and the high-concentration 

drain area. Furthermore, although, in the present embodiment, the TFT 30 has a single 

10 gate structure where only one gate electrode of the TFT 30 for pixel switching is disposed 

between the high-concentration source area ld and the high-concentration drain area le, 

the TFT may have a dual, triple or more gate structure where two or more gates are 

disposed therebetween. Furthermore, the semiconductor layer la constituting the TFT 30 

is not limited to the poly-silicon film, but may be made of an amorphous silicon film or a 

15 monocrystalline silicon film. A known method such as a pasting method can be 

employed in formation of the monocrystalline silicon film. By employing the 

monocrystalline silicon film for the semiconductor layer la, it is possible to promote a 

high performance of the peripheral circuits. 

In the present embodiment, for the scanning line 330a serving as the gate 

2 0 electrode of the TFT 30, a portion serving as the gate electrode, that is, a portion facing the 

channel area la' of the TFT 30 is formed broader than the other portion, as shown in FIG. 

2. That is, in FIG. 2, the scanning line 330a has a broad width portion 331a extending in 

the Y direction in FIG. 2 to correspond to the channel area la' extending in the Y direction 

in FIG. 2 and a narrow width portion 332a extending through a space between the adjacent 

2 5 pixel electrodes 9a. In FIG. 4, for the purpose of simplifying the illustration, only the 
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shape pattern of the scanning line 330a is shown. 

In this connection, in the present embodiment, the broad width portion 33 la is 

lengthened from the narrow width portion 332a. That is, the broad width portion 331a 

and the narrow width portion 332a are integrally formed. Such shape can be easily 

5 formed, for example, by using a known photolithography and etching, on the assumption 

that a pattern having an integrated shape 332a (see FIG. 4) composed of the broad width 

portion 331a and the narrow width portion 332a is formed. However, the present 

invention is not limited to such shape, and includes, for example, even shapes where the 

broad width portion 331a is formed by connecting other conductive member prepared 

10 separately to the narrow width portion 332a, within the scope thereof. 

The storage capacitor 70 shown in FIG. 1 is constructed such that a junction layer 

71 as the capacitor electrode on the pixel potential side connected to the high­

concentration drain area le of the TFT 30 and the pixel electrode 9a and~ part of the 

capacitive line 300 as the capacitor electrode on the fixed potential side are arranged 

15 opposite to each other via an dielectric film 75, as shown in FIG. 3. By means of the 

storage capacitor 70, it is possible to markedly improve the potential maintenance 

characteristics in the pixel electrode 9a. 

The junction layer 71 is made up of, for example, the conductive poly-silicon film 

and serves as a capacitor electrode on the pixel potential side. However, similar to the 

20 capacitive line 300 to be explained in detail later, the junction layer 71 may be made of a 

single layer film or multi-layer film containing metal or alloy. In addition to the function 

as a capacitor electrode on the pixel potential side, the junction layer 71 also has a 

25 

function for connecting the pixel electrode 9a and the high-concentration drain area le of 

the TFT 30 to each other through contact holes 83 and 85. 

By using such junction layer 71, even if the distance between layers is as long as, 
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for example, 2000nm, both layers can be connected well to each other through serial 

contact holes having two relatively small diameters ~hile avoiding the technical difficulty 

of connecting both layers to each other through one contact hole, so that an opening ratio 

of pixel can be increased. Further, in opening the contact hole, it is helpful to prevent 

5 punchthrough in etching. 

The capacitive line 300 is made of, for example, a conductive film containing 

metal or alloy, and serves as a capacitor electrode on the fixed potential side. The 

capacitive line 300 is formed overlapping an area for forming the scanning line 330a from 

a plan view, as shown in FIG. 2. More specifically, the capacitive line 300 has a main 

10 line portion extending along the scanning line. 330a, a protruding portion protruded 

upwardly in the Y direction along the data line 6a from a portion intersecting the data line 

6a and a constricted portion where the portion corresponding to the contact hole 85 is 

slightly constricted. The protruding portion contributes to increase in the area for 

forming the storage capacitor 70 by using the area on the scanning line 330a and the area 

15 below the data line 6a. 

Further, the capacitive line 300 is made of, for example, single metal, alloy, metal 

silicide, poly-silicide or laminated layer thereof, containing at least one of metals having 

high melting point such as Ti, Cr, W, Ta, Mo, and in addition to the function as a capacitor 

electrode on the fixed potential side of the storage capacitor 70, the capacitive line 300 has 

2 0 a function as a light-shielding layer for shielding the TFT 30 from the incident light on the 

upper side of the TFT 30. However, the capacitive line 300 may have a multi-layer 

structure in which a first film made of a conductive poly-silicon film and the like and a 

second film made of a metal silicide film containing.metal and the like having high 

melting point are stacked. 

25 Furthermore, preferably, the capacitive line 300 extends from the image display 
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area in which the pixel electrodes 9a are arranged to peripheries thereof, and is electrically 

connected to a potentiostatic source to be a fixed potential. Such potentiostatic source 

may be a potentiostatic source such as a plus power source or a minus power source 

supplied to a data line driving circuit to be explained later, or may be a potentiostatic 

5 source supplied to the opposing electrode 21 of the opposing substrate 20. 

A dielectric film 75, as shown in FIG. 3, is constructed of a silicon oxide film 

such as a HTO (High Temperature Oxide) film or a LTO (Low Temperature Oxide) film 

having, for example, a relatively thin thickness of about 5~200nm, or a silicon nitride film. 

From the point of view of increasing the capacitance of the storage capacitor 70, the 

10 dielectric film 75 should be preferably as thin as possible as long as the reliability of the 

film is sufficiently maintained. 

In FI Gs. 2 and 3, in addition, the lower side of the TFT 30 is provided with a 

lower light-shielding film 11a. The lower light-shielding film lla is patterned in a lattice 

shape, and as a result, the opening area of each pixel is defined. Further, the opening 

15 area may be defined by the intersection of the data line 6a extending in the Y direction in 

FIG. 2 and the capacitive line 300 extending in the X direction in FIG. 2. Furthermore, 

similar to the case of the above-described capacitive line 300, the lower light-shielding 

film 11a may be formed extending from the image display area to the peripheries thereof 

to be connected to a potentiostatic source so that the potential variation has no adverse 

2 0 effects on the TFT 30. 

Further, a base insulating film 12 is provided below the TFT 30. In addition to 

the function for insulating the TFT 30 from the lower light-shielding film 1 la, since the 

base insulating film 12 is formed on the whole surface of the TFT array substrate 10, the 

base insulating film 12 has a function for preventing the characteristic variation of the TFT 

2 5 30 for pixel switching caused by rough polished surface of the TFT array substrate 10 or 
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contaminants left after washing. 

In addition, a first interlayer insulating film 41 which has a contact hole 81 

communicating with the high-concentration source area ld and a contact hole 83 

communicating with the high-concentrating drain area le, respectively, is formed on the 

5 scanning line 330a. 

The junction layer 71 and the capacitive line 300 are formed on the first interiayer 

insulating film 41, and a second interlayer insulating film 42 which has a contact hole 81 

communicating with the high-concentration source area ld and a contact hole 85 

communicating with the junction layer 71 are formed respectively on the junction layer 71 

10 and the capacitive line 300. 

Furthermore, in the present embodiment~ by baking the first interlayer insulating 

film 41 at about l000°C, activation of ions injected into the poly-silicon film constituting 

the semiconductor layer la or the scanning line 330a may be intended. On the other 

hand, by not baking the second interlayer insulating film 42, relief of stress occurring in 

15 the vicinity of the interface of the capacitive line 300 may be intended. 

The data line 6a is formed on the second interlayer insulating film 42, and above 

them a third interlayer insulating film 43 which has a contact hole 85 communicating the 

junction layer 71 is formed. 

The surface of the third interlayer insulating film 43 is leveled by means of CMP 

2 0 (Chemical Mechanical Polishing) process, and as a result, the orientation failure of the 

liquid crystal layer 50 caused by a step generated by various wirings or elements below 

the third interlayer insulating layer 73 can be reduced. 

However, in place of performing the leveling process for the third interlayer 

insulating film 43, or in addition to it, a groove, in at least one of the TFT array substrate 

2 5 10, the base insulating film 12, the first interlayer insulating film 41 or the second 
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interlayer insulating film 42, can be formed to buried the wirings such as the data line 6a 

or the TFf 30 for performing the ]eve)ing process. 

According to the electro-optical device of the present embodiment as constructed 

like the above, since the scanning line 330a has the broad width portion 331a and the 

5 narrow width portion 332a and the broad width portion 331a is formed to face the channel 

area la' of the TFf 30, the arrangement between the TFf 30 and the scanning line 330a 

can be easily adjusted or determined. 

For example, the arrangement between the TFfs 30 and the scanning lines 330a in 

FIG. 2 described above shows an example of a suitable arrangement responsive to the 

10 requirement for effectively preventing light from entering the channel areas la' of the 

TFfs 30. In addition, for example, the arrangements shown in FIGs. 5 and 6 can be 

implemented. FIG. 5 is a diagram with the same purpose as FIG. 2, in which an 

arrangement of the scanning lines and the TFTs is different from that in FIG. 2, and FIG. 6 

i11ustrates only a shape pattern of the scanning lines shown in FIG. 5, similar to FIG. 4. 

15 In FIGs. 5 and 6, the scanning lines 330a', more specifically, the narrow width 

portions 332a' are formed at positions deviated from the center of a first long gap 

extending through a space between the adjacent pixel electrodes 9a sandwiching the 

scanning lines 330a' therebetween. Further, the broad width portions 331a' are formed to 

be protruded only upwardly in the Y direction in FIG. 5 and 6. Furthermore, the 

20 arranged positions of the channel areas la', that is, the arranged positions of the broad 

width portion 331a' are similar to those in FIG. 2. 

This arrangement can improve the quality of display image. The reason thereof 

is as follows. That is, in the electro-optical device according to the present invention, as 

described above, the oriented film 16 is provided on the pixel electrodes 9a, and on the 

2 5 surface of the oriented film 16, unevenness due to the "height" of various elements formed 
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below the oriented film 16 can exist. The above-described "various elements" include 

the scanning lines 330a' of the present embodiment. FIG. 7 is a sectional view taken 

along a line B-B' in FIG. 5, in which a convex portion 501 caused by the "height" of the 

narrow width portion 332a' of the scanning line 330a' is formed on the oriented film 16. 

When the convex portion 501 is generated, there is a possibility of further 

generating nonuniformity in the above-described rubbing process performed on the 

oriented film 16. This nonuniformity may cause the bad orientation of the liquid crystal 

and thus the operation failure of the electro-optical device. Therefore, conventionally, by 

providing the light-shielding film in the vicinity of the above-described convex portion 

10 501, shielding of the incident light was made possible. That is, the incident light 

reaching the light-shielding film is reflected or absorbed by the light-shielding film and 

thus does not contribute to the image display. 

At this time, it is important that the above-described light-shielding film should be 

provided while satisfying the requirements for improving the pixel opening ratio. That is, 

15 when the light-shielding film is provided only to correspond to the convex portion 501, it 

may unnecessarily worsen the pixel opening ratio to deteriorate the brightness of image. 

When the light-shielding film is provided only in a part of the convex portion 501, 

sufficient light-shielding cannot be accomplished and may cause the deterioration of the 

contrast ratio. In addition, the influence of the nonuniformity in the convex portion 501 

20 may lead to the operation failure of the electro-optical device. 

In the present embodiment, it has been paid attention to the fact that the 

nonuniformity are generated in the convex portion 501, more specifically, that the portion 

(reference numeral 501a in FIG. 7. Hereinafter, referred to as a "rubbing-up portion 

501a") associated with rubbing up the convex portion 501 (that is, the direction ascending 

25 the convex portion 501) and the portion (reference numeral 501b in FIG. 7. Hereinafter, 
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referred to as a "rubbing-down portion 501b") associated with rubbing down the convex 

portion 501 (that is, the direction descending the convex portion 501 ), have nonuniformity 

different from each other. 

More specifically, for example, it has been paid attention to the fact that it is more 

5 difficult to generate the nonuniformity in the rubbing-up portion 501a than in the rubbing­

down portion 501b, that is, the rubbing-down portion 501b has the higher possibility of 

causing the bad orientation of the liquid crystal. 

In the present embodiment, it is important that the narrow width portions 332a' 

adjacent in the direction of the scanning lines 330a' in FIG. 5 are formed at the position 

10 deviated from the center (see the two-dotted chain line in FIG. 7) between the pixel 

electrodes 9a. That is, by forming the narrow width portion 332a' at the position shown 

in FIG. 7, a vertex 501P of the convex portion 501 caused by the narrow width portion 

332a' is also formed at the position deviated from the center between the adjacent pixel 

electrodes 9a. This means that it is possible to construct only almost half of the sloping 

15 surface of the convex portion 501 on the area corresponding to the first gap, that is, the 

rubbing-down portion 501b on the area. Further, in this case, as shown in FIG. 7, by 

providing the light-shielding capacitive line 300 and the junction layer 71 corresponding 

to the space between the adjacent pixel electrodes 9a, it is possible to effectively shield 

only the rubbing-down portion 501b, that is, to effectively shield the corresponding 

2 0 portion of the convex portion 501 expected to be most influenced by the nonuniforrnity. 

As a result, according to the present embodiment, since the operation failure of 

the electro-optical device caused by the nonuniformity can be substantially prevented, and 

since the rubbing-up portion 501a of the convex portion 501 is not expected to be 

influenced by the nonuniformity remains to transmit the light contributing to the image 

2 5 display, it is possible to improve the pixel opening ratio, that is, to maintain the bright 
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image. Consequently, according to the present embodiment, from the above-described 

point of view, an improvement in the quality of the display image can be obtained. 

Further, by forming the narrow width portion 332a' at the position deviated from 

the center of the first gap, it is possible to improve the degree of freedom in the design of 

5 the electro-optical device and to effectively prevent the light from entering the TFT 30. 

The reason thereof is as follows. 

That is, although the narrow width portion 332a' in the present embodiment­

extends through the first gap between the adjacent pixel electrodes 9a, it does not exist at 

the center thereof. For this reason, for example, by using an area not provided with the 

10 narrow width portion 332a' in the first gap, other wirings such as the capacitive line 300 

made of the same film as the narrow width portion 332a' can be formed parallel to the 

narrow width portion 332a' from a plan view. That is, the degree of freedom in design 

can be increased. 

Further, in the above-described case, although the narrow width portion 332a' is 

15 deviated from the center line, by adjusting the width of the broad width portion 331a', for 

example, by broadening only one side thereof or by broadening one side thereof more than 

the other side, it is possible to arrange the broad width portion 331a' as the gate electrode 

at the center of the gap. In the present embodiment, as shown in FI Gs. 5 and 6, it can be 

understood that the broad width portion 331a' is broadened toward only one side. Hence, 

2 0 since the gate electrode can be arranged at a position advantageous for improving the 

light-shielding ability irregardless of the position of the scanning line 330a 1, or since the 

scanning line 330a' can be arranged at an arbitrary position in the gap while arranging the 

gate electrode at a position advantageous for improving the light-shielding ability, it is 

possible to increase the degree of freedom in an arrangement of wirings such as an 

2 5 arrangement of the scanning line 330a' and to obtain the TFT 30 originally having a 

Page 280 of 395



F007516 
- 35 -

substantially high light-shielding ability. 

In short, in the embodiment shown in FIGs. 5 and 6, while satisfying the 

requirements for improving the quality of the display image, improving the degree of 

freedom in design and decreasing the light leak current in the TFT 30, it is possible to 

5 adequately adjust/determine the arrangement between the channel area la1 (or the TFT 30) 

and the gate electrode (or the scanning line 330). 

As described above, according to the electro-optical device of the present 

embodiment, since the scanning line, as the gate electrode, has the broad width portion 

and the narrow width portion, while satisfying the above various requirements or a general 

10 requirement such as high precision of the electro-optical device itself, it is possible to 

adequately adjust/determine the arrangement between the channel area (or the TFT) and 

the gate electrode (or the scanning line). 

(Second embodiment) 

Now, a second embodiment of the present 'invention will be explained with 

15 reference to FIGs. 8 to 11. FIGs. 8 and 10 are diagrams with the same purpose as FIG. 2, 

respectively, and illustrates another embodiment different from that in FIG. 2 in that a 

groove is formed on the TFT array substrate 10 and at least a part of the scanning line is 

buried in the groove. FIGs. 9 and 11 are perspective views illustrating a profile of the 

narrow width portion of the scanning line according to the second embodiment, 

2 0 respectively (FIG. 9 corresponds to FIG. 8, and a section taken along a line Zl-Zl' in FIG. 

8 corresponds to a section taken along a line Zl-Zl' in FIG. 9. Further, FIG. 11 

corresponds to FIG. 10, and a section taken along a line Z2-Z2' in FIG. 10 corresponds to 

a section taken along a line Z2-Z2' in FIG. 9). Further, FIG. 12 is a sectional view taken 

along a line T-T' in FIG. 10. Furthermore, since the basic construction and operation, 

2 5 etc., of the electro-optical device of the second embodiment are similar to those of the first 
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embodiment, explanation about distinctive portions in the second embodiment will be 

mainly described below. Furthermore, the reference numerals in FIGs. 8 and 12 

indicates the same elements as in FIGs. 1 to 7 referred to in the above description, when 

they indicates substantially equivalent elements. 

First, in one aspect of the second embodiment, as shown in FIGs. 8 and 9, a 

groove 3Gl is formed along the scanning line in the TFf array substrate 10. The groove 

3Gl is formed except for the area where the semiconductor layer la of the TFf 30 is 

formed. By this construc~ion, in consideration of only the grooves, the grooves 3Gl are 

arranged in a matrix shape from a plan view (see FIG. 8). Further, a scanning line 340a 

10 is formed such that the narrow width portion 342a thereof is entirely buried in the groove 

3Gl (see FIG. 9). 

In another aspect of the second embodiment, as shown in FIGs. 10 and 11, a 

• groove 3G2 is formed on the TFT array substrate 10, similarly to the groove 3Gl. 

However, preferably, a groove 3G2 is formed slightly narrower than the groove 3Gl. 

15 Further, a narrow width portion 352a of the scanning line 350a is formed along the groove 

302. The narrow width portion 352a has a buried portion 352aB of which a part is 

buried in the groove 3G2 and a non-buried portion 352aNB which is not buried in the 

groove 3G2 and extends parallel to the buried portion 352aB. The non-buried portion 

352aB is formed on the surface of the TFf array substrate 10. 

20 Further, in one aspect and another aspect of the second embodiment, as shown in 

FIGs. 8 and 10, a groove 6Gl is formed in the TFf array substrate 10 along the data line. 

·Furthermore, the data line 6a is formed to be entirely buried in the groove 6Gl. In 

addition, the semiconductor layer la is also formed to be entirely buried in the groove 6Gl. 

According to the electro-optical device of the second embodiment constructed as 

2 5 above, the following effects can be obtained. First, since the whole part or a part of both 
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of the scanning lines 340a and 350a are buried in the grooves 301 or 302, as shown in 

FI Gs. 9 and 11, in this buried portion, the surface height of the base insulating film 12 and 

the height of the buried portion 352aB of the scanning line 340a and the scanning line 

350a are almost equal to each other to maintain the leveling feature. By this, the leveling 

5 feature of the first to third interlayer insulating film 41 to 43 formed as the upper layers of 

the scanning lines 340a and 350a, or the pixel electrode 9a and the oriented film 16 can be 

well obtained. Therefore, in the second embodiment, for example, since a step along the 

narrow width portion 342a or the buried portion 352aB does not substantially appear on 

the surface of the oriented film 16, the rubbing process can be very suitably performed on 

10 the oriented film 16 and the bad orientation can be drastically prevented. Furthermore, 

an effect can be obtained that the light leakage caused by the bad orientation and 

deterioration of the image quality based on the light leakage. 

15 

Such effects on the portion along the data line 6a can be obtained because of the 

existence of the groove 601. 

Further, in FIGs. 10 and 11, in particular, because of the existence of the non-

buried portion 352aNB, the following effects can be obtained. Now, the effects will be 

explained in detail. 

First, in the electro-optical device of the present embodiment, generally in order to 

prevent deterioration of the electro-optical material caused by the application of DC 

2 0 voltage and to prevent the cross talk or flicker in the displayed image, an inverse driving 

method of inversing the polarities of voltages applied to the respective pixel electrodes 9a 

in a predetermined rule may be employed. More specifically, so-called "lH inverse 

driving method" will be explained. 

First, as shown in FIG. 13(a), during the time for displaying image signals for the 

2 5 n-th field (n is a natural number) or frame, the polarity of the liquid crystal driving voltage 
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indicated by + or - for each pixel electrode 9a is driven with the same polarity for every 

row. Thereafter, as shown in FIG. 13(b), when the image signals for then+ 1-th field or 

frame are displayed, the polarity of the liquid crystal driving voltage for each pixel 

electrode 9a is inversed and during the time for displaying the image signal of the n+ 1th 

5 field or one frame, the polarity of the liquid crystal driving voltage indicated by + or - for 

each pixel electrode 9a is not inversed, and each pixel electrode is driven with the same 

polarity for every row. Then, the state shown in FIG. 13(a) and 13(b) is repeated at the 

period of one field or one frame. This is the lH inverse driving method. As a result, 

while avoiding deterioration of the liquid crystal caused by the application of DC voltage, 

10 it is possible to prevent image display with reduced cross talk or flicker. Further, the lH 

inverse driving method is more advantageous than the lS inverse driving method to be 

explained later, in that there is no almost cross talk in the vertical direction (Y direction) in 

the drawing. 

However, as can be understood from FIG. 13(a) and FIG. 13(b),.in the lH inverse 

15 driving method, a horizontal electric field takes place between the pixel electrodes 9a 

adjacent to each other in the vertical direction (Y direction) in the drawing. In these 

drawings, an area Cl where the horizontal electric field takes place is always in the 

vicinity of the gap between the pixel electrodes adjacent to each other in the Y direction. 

If such horizontal electric field is applied, for the electro-optical material to which a 

2 0 vertical electric field, i.e., an electric field perpendicular to the surface of the substrate, is 

applied, between the pixel electrode and the opposing electrode facing each other, the 

operation failure can be caused by the bad orientation of the liquid crystal in the electro­

optical material and by the light leakage in the portion, which leads to a problem of 

decreasing the contrast ratio. 

25 With respect to the above, the area where the horizontal electric field is generated 
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can be covered by the light-shielding film. However, in this case, there is a problem that 

the opening area of pixels becomes narrow in respect to the area where the horizontal 

electric field is generated. In particular, as the distance between the adjacent pixel 

electrodes becomes small due to minuteness of the pixel pitch, such horizontal electric 

5 field increases, and thus this poses a serious problem in higher precision electro-optical 

.device. 

In the aspect shown in FI Gs. 10 and 11 of the second embodiment, a step caused 

by the height of the non-buried portion 352aNB is formed between the pixel electrodes 9a 

(that is, the adjacent pixel electrodes 9a to which voltage of inverse polarity is applied) 

10 adjacent to each other in the vertical direction. Because of the existence of this step, it is 

possible to intensify the vertical electric field in the vicinity of an edge portion of the pixel 

electrode 9a arranged on the step and to weaken the horizontal electric field. More 

specifically, as shown in FIG. 12, the distance between the vicinity of the edge portion of 

the pixel electrode 9a arranged on the step 430 and the opposing electrode 21 becomes 

15 narrower by the height of the step 430. Therefore, in the area Cl where the horizontal 

electric field is generated, the vertical electric field between the pixel electrode 9a and the 

opposing electrode 21 can be intensified. Furthermore, in FIG. 12, since the gap between 

the adjacent pixel electrodes 9a is constant, the intensity of the horizontal electric field to 

be intensified with the gap getting narrow is constant. Therefore, by making the vertical 

2 0 electric field more prevalent in the area Cl where the horizontal electric field is generated, 

it is possible to prevent the bad orientation of the liquid crystal caused by the horizontal 

electric field. Furthermore, because of the step 430 made of the insulating film, the 

intensity of the horizontal electric field is weakened, and the portion of the liquid crystal 

affected by the horizontal electric field is decreased by the amount of replacing the step 

2 5 where the horizontal electric field exists. Therefore, the influence of the horizontal 
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electric field on the liquid crystal layer 50 can be reduced. 

Further, in the above description, the lH inverse driving method has been 

explained but the present invention is not limited to such driving method. For example, 

lS inverse driving method of inversing the voltage polarity at a period of a frame or a field 

5 for each column while driving pixel electrodes in a column with the potential of the same 

voltage polarity may be employed in the present invention as the inverse driving method 

of which control is relatively easy and which enables the high quality image display. 

Furthermore, between the pixel electrodes adjacent to each other in both of the column 

direction and the row direction, the dot inverse driving method of inversing the voltage 

10 polarity applied to each pixel electrode has been developed and can be applied to the 

present invention. 

Further, in the second embodiment, as shown in FIG. 2, the aspect in which the 

narrow wi~th portion 342a arid 352a is formed to extend through the cent~r of the first gap 

between the adjacent pixel electrodes 9a has been explained. However, the present 

15 inven'tion is not limited to such construction. That is, as shown in FIGs. 5 and 6, in the 

aspect where the narrow width portion is formed to extend at the position deviated from 

the center of the first gap, the grooves 301 or 302 shown in FI Gs. 8 to 11 may be 

comprised in a combination. For example, the construction shown in FIGs. 14 and 15 

may be employed. FIG. 14 is a view with the same purpose as FIG. 2 and illustrates 

2 0 another aspect different from that in FIG. 2 in that a groove is formed on the TFT array 

substrate 10, and the narrow width portion of the scanning line is deviated from the center 

of the first gap, and FIG. 15 is a sectional view taken along a line T-T' in FIG. 14. 

FIG. 14 is similar to FIGs. 5 and 6 in that a narrow width portion 362a of a 

scanning line 360a is deviated from the center of the long first gap extending through the 

25 space between the adjacent pixel electrodes 9a, but FIG. 14 is different from FIGs. 5 and 6 
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in that the narrow width portion 362a is formed along a groove 3Gl' formed on the TFf 

array substrate 10 and a broad width portion 361a is formed to protrud only downwardly 

in FIG. 14. In this construction, the narrow width portion 362a of the scanning line 360a 

is formed from the upper portion in the drawing as seen from the center of the first gap 

5 and thus the narrow width portion 362a is formed to be positioned right below the contact 

hole 85 for connecting the pixel electrode 9a and the junction layer 71. Further, the 

narrow width portion 362a is formed to be entirely buried in the groove 3Gl '. 

According to this construction, as shown in FIG. 15, the contact hole 85 is formed 

on the scanning line 360a formed to be buried in the groove 3Gl '. In other words, it is 

10 possible to form the contact hole 85 on the assumption that the step caused by the height 

of the scanning line 360a does not substantially appear on the surface of the third 

interlayer insulating film 43. 

In such construction shown in FIGs. 14 and 15, in particular, an advantage from 

the contact hole 85 which can be easily and securely formed can be obtained. That is, 

15 assuming that a step due to the height of the scanning line or the narrow width portion is 

generated on the surface of the third interlayer insulating film 43, there is a possibility of a 

disadvantage in that the contact hole 85 may be formed on the vertex or on the ridge of the 

step. The present construction overcomes such drawback. 

The above effects can be understood from the following point of view. That is, 

2 0 in the second embodiment, since the whole or a part of the scanning line is buried in the 

groove, and thus a step ,due to the height of the scanning line does not substantially appear 

on the surface of the respective interlayer insulating film, the formation position or the 

extending position of the scanning line need not be considered particular I y. In other 

words, if the scanning line is between the adjacent pixel electrodes in the direction thereof, 

2 5 the scanning line may be formed at any position. This is because even when the 
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formation position or extending position of the scanning line is selected freely and the 

contact hole is formed thereon, as described above, the contact hole can be relatively 

easily and securely formed due to the absence of the step. 

Further, in case the narrow width portion has both the buried portion and the non-

5 buried portion, it is preferable to form the groove such that the buried portion is positioned 

right below the contact hole 85. FIG. 12 corresponds to an example of such construction. 

(Third embodiment) 

Now, a third embodiment of the present invention will be explained with 

reference to FIGs. 16 to 19. FIG. 16 is a diagram with the same purpose as FIG. 2 and 

10 illustrates another aspect that a shape of the data line is different from that in FIG. 2. FIG. 

17 is a sectional view taken along a line P-P1 in FIG. 16, FIG. 18 is a sectional view taken 

along a line Q-Q' in FIG. 16, and FIG. 19 is a sectional view taken along a line R-R' in 

FIG. 16. Further, since the basic construction and operation of the electro-optical device 

of the third embodiment are similar to those of the first embodiment, explanation about 

15 distinguishing features of the third embodiment will be mainly described below. 

Furthermore, reference numerals in FIGs. 16 to 19 indicate the same elements as in FIGs. 

1 to 15 referred to in the above description, when they indicates substantially equivalent 

elements. 

In the third embodiment, as shown in FIGs. 16 to 19, a data line 6al includes a 

2 O broad width portion 6aW of which a portion overlapping the TFf 30 is formed locally 

broad. Further, a width Wl of a portion extending along the data line 6a1 in the 

capacitive line 300, that is, the protruded portion 302, first, is broader than a width W2' of 

the portions except for the broad width portion 6a W in the data line 6al (in particular, see 

FIG. 17). Second, the width Wl of the protruded portion 302 is almost equal to a width 

25 W6 of the broad width portion 6aW in the data line 6a1 (see FIG. 18). The channel area 
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la' of the semiconductor layer la is positioned almost at the center in the width direction 

of the broad width direction 6a Wand almost at the center in the width direction of the 

scanning line 3a. Furthermore, in the third embodiment, as shown in FIGs. 16, 18 and 19, 

the broad width portion 6a W of the data line 6al is formed continuous} y from the portion 

5 overlapping the TFT 30 to the portion in which the contact hole 81 for connecting the 

semiconductor layer la of theTFT and the data line 6a is provided, for each TFT 30 

arranged in a matrix shape. In addition, in the third embodiment, as shown in FIGs. 17 to 

19, the light-shielding film 23 is formed on the opposing substrate 20. A width WS of 

one-by-one lattice of the light-shielding film 23 is greater than that of the broad width 

10 portion 6aW. 

In the electro-optical device of the third embodiment constructed like the above, 

the following effects can be obtained. That is, first, since the broad width portion 6a W of 

the data line 6al and the protruded portion 302 of the capacitive line 300 which is formed 

broad exist on the TFT 30, so called a double light-shielding effect can be obtained. 

15 Therefore, it is difficult for the light to enter the channel area la' of the TFT 30, and thus 

the light leak current can be minimized. 

In particular, in the third embodiment, the broad width portion 6a W of the data 

line 6a also exists on the TFT 30 while overlapping the.capacitive line 300. In this case, 

on the TFT 30, the light-shielding ability corresponding to the integrated value of their 

20 transmittances can be obtained. Further, since the channel area la' of the semiconductor 

layer la is positioned almost at the center in the width direction of the broad width portion 

6aW and almost at the center in the width direction of the scanning line 3a, the light­

shielding ability can be enhanced. 

Second, in connection with such excellent light-shielding ability, in the third 

2 5 embodiment, as described above, the width Wl of the protruded portion 302 of the 
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capacitive line 300 and the width W6 of the broad width portion 6a W of the data line 6a 

are less than the width WS of the light-shielding film 23 on the opposing substrate 20 (that 

is, WS> Wl, WS> W6). According to this, the light entered from the upper portion of the 

TFf 30 is first shielded by the light-shielding film 23 and is further shielded by the broad 

5 width portion 6a W of the data line 6a. Furthermore, although passing through the broad 

width portion 6a W, the incident light is next shielded by the protruded portion 302 of the 

capacitive line 300. In short, in the third embodiment, since triple light-shielding is 

implemented, it becomes more difficult for the light to enter the TFf 30. 

Third, in the third embodiment, the broad width portion 6a W of the data line 6a is 

10 formed continuously from the portion overlapping the TFf 30 to the contact hole 81 for 

each TFf 30 arranged in a matrix shape. Since the contact hole 81 is provided for 

connecting the semiconductor layer la of the TFf 30 and the data line 6a as described 

above, the capacitive line 300 cannot be formed in the portion. However, in the third 

embodiment, in the formation position of the contact hole 81, the broad width portion 

15 6a W of the data line 6a exists similar! y to the upper portion of the TFf 30. Therefore, 

deterioration of the light-shielding ability caused by the absence of the capacitive line 300 

can be compensated by the existence of the broad width portion 6a W. In this connection, 

as in the third embodiment, according to the aspect that the broad width portion 6a is 

formed continuously on the TFf 30 and on the formation position of the contact hole 81, 

2 0 since it is not necessary to broaden exceedingly the formation area of the broad width 

portion 6a W, it is preferable not to increase the inner reflection. 

As described above, in the third embodiment, by means of the combination of 

various effects, the possibility of the light incidence to the channel area la' is drastically 

decreased, and the generation of the light leak current in the TFf 30 and consequently the 

2 5 generation of the flicker and the like on the image due to the light leak current can be 
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effectively suppressed. 

(The whole construction of the electro-optical device) 

The whole construction of the electro-optical device according to the prese.nt 

embodiment constructed like the above will be explained with reference to FIGs. 20 and 

5 21. Further, FIG. 20 is a plan view of the TFf array substrate along with the respective 

elements formed thereon seen from the opposing substrate 20 side, and FIG. 21 is a 

sectional view taken along a line H-H' in FIG. 20. 

In FIGs. 20 and 21, in the electro-optical device according to the present 

embodiment, the TFf array substrate 10 and the opposing substrate 20 are arranged 

10 opposite to each other. A liquid crystal layer 50 is inserted and sealed between the TFf 

array substrate 10 and the opposing substrate 20 and the TFf array substrate 10 and the 

opposing substrate 20 are affixed to each other by means of a sealing material 52 

provided in the sealing area positioned around the image display area 10a. 

In the outer area of the sealing material 52, a data line drive circuit 101 for driving 

15 the data line 6a by supplying image signals to the data line 6a at a predetermined timing, 

and the external circuit connecting terminals 102 are provided along one side of the TFf 

array substrate 10, and scanning line drive circuits 104 for driving the scanning line 3a by 

supplying scan signals to the scanning line 3a at a predetermined timing is provided along 

two sides adjacent to the one side. 

2 0 Further, if delay of the scan signals supplied to the scanning line 3a does not 

matter, the scanning line drive circuit 104 on only one side is sufficient. Furthermore, 

the data line drive circuit 101 may be arranged on both sides along the sides of the image 

display area 10a. 

The remaining one side of the TFf array substrate 10 is provided with a plurality 

2 5 of wirings 105 for connection between the scanning line drive circuits 104 provided on 
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both sides of the image display area 10a. Further, at least one corner of the opposing 

substrate 20 is provided with a conductive material 106 for electrical connection between 

the TFf array substrate 10 and the opposing substrate 20. Furthermore, as shown in FIG. 

21, the opposing substrate 20 having almost the same profile as the sealing material 52 

5 shown in FIG. 20 is bonded to the TFf array substrate 10 through the sealing material 52. 

In FIG. 21, after the TFfs for switching pixels, or wirings such as the scanning 

lines, the data lines are formed on the TFf array substrate 10, and the oriented film is 

formed on the pixel electrodes 9a. ln addition. to the opposing electrode 21, the oriented 

film is formed on the uppermost portion of the opposing substrate 20. Further, the liquid 

10 crystal layer 50 is composed of the liquid crystal in which, for example, one kind or 

several kinds of nematic liquid crystal are mixed, and is oriented in a predetermined state 

between a pair of oriented films. 

Furthermore, on the TFf array substrate 10, in addition to the data line drive 

circuit 101 and the scanning line drive circuit 104, a sampling circuit for applying image 

15 signals to the plurality of data lines 6a at a predetermined timing, a precharge circuit for 

supplying a precharge signal of a predetermined voltage level to the plurality of data lines 

prior to the image signals, an inspection circuit for inspecting the quality or defects of the 

electro-optical device during production thereof or in shipping thereof and the like may be 

formed. 

20 (Embodiment of electronic apparatus) 

Next, for an embodiment of a color display device of a projection type that is an 

example of an equipment using the above-described electro-'optical device as a light bulb, 

the whole construction thereof, in particular, the optical construction thereof will be 

explained. Here, FIG. 22 is a diagrammatic sectional view of the color display device of 

2 5 a projection type. 
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In FIG. 22, a liquid crystal projector 1100 that is an example of the color display 

device of a projection type in the present embodiment comprises three liquid crystal 

modules including the liquid crystal device in which the drive circuit is mounted on the 

TFf array substrate, and further comprises the respective light bulbs lOOR, 100G and 

5 100B for RGB. In the liquid crystal projector 1100, when transmitted light is emitted 

from a lamp unit of white light source such as a metal halide lamp, the light is divided into 

the light components R, G and B corresponding to the three primary colors RGB by means 

of three mirrors 1106 and two dichroic mirrors 1108 and guided to the light bulbs lOOR, 

lOOG and 100B corresponding to the respective colors, respectively. At this time, in 

1 O particular, in order to prevent the light loss caused by the long light path, the B light is 

guided through a relay lens system 1121 composed of an incident lens 1122, a relay lens 

1123 and an exit lens 1124. Then, the light components corresponding to the three 

primary colors modulated, respectively, by the light bulbs lOOR, 100G and 100B are 

synthesized again by a dichroic prism 1112, and then are projected as a color image to a 

15 screen 1120 through a projecting lens 1114. 

The present invention is not limited to the above-described embodiments but may 

be appropriately varied without departing from the gist or the spirit of the invention 

known throughout the claims and the specification. The electro-optical devices including 

such variation, for example, an electrophoresis apparatus or an electro-luminescence 

2 O display device, or the electronic apparatus including these electro-optical devices are also 

included in the technical range of the present invention. 
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What is claimed is: 

1. An electro-optical device comprising, above a substrate, scanning lines 

extending in a predetermined direction, data lines extending in a direction intersecting the 

5 scanning lines, thin-film transistors formed correspondingly to intersecting areas of the 

scanning lines and the data lines, and pixel electrodes formed correspondingly to the thin­

film transistors, 

wherein the respective scanning lfoe has a broad width portion as a gate electrode 

in a portion facing a channel area of the respective thin-film transistor and a narrow width 

10 portion in the other portion. 

2. The electro-optical device according to claim 1, wherein the broad width 

portion has a portion lengthened from the narrow width portion. 

3. The electro-optical device according to claim 1, wherein the broad width 

portion has a portion connected to the narrow width portion. 

15 4. The electro-optical device according to claim 1, wherein the respective 

scanning line extends in a direction intersecting a direction in which the channel area 

extends, and the broad width portion extends in a single direction or bi-direction in which 

the channel area extends. 

5. The electro-optical device according to claim 1, wherein the pixel electrode is 

2 0 arranged in a matrix shape, and 

wherein the respective channel area is formed in an intersecting area in which a 

first long gap extending through a space between the pixel electrodes sandwiching the 

scanning line and being adjacent to each other and a second long gap extending through a 

space between the pixel electrodes sandwiching the data line and being adjacent to each 

2 5 other, are intersected. 

Page 294 of 395



5 

F007516 
- 49 -

6. The electro-optical device according to claim 5, wherein the narrow width 

portion is formed at a position deviated from a center of the first gap, and 

the broad width portion is formed at the center of the first gap in the intersecting 

area. 

7. The electro-optical device according to claim 6, wherein the broad width 

portion is formed at a center of the second gap in the intersecting area. 

8. The electro-optical device according to claim 1, wherein grooves are formed 

in the substrate along the scanning lines and the scanning lines are buried at least partially • 

in the grooves directly or through an interlayer insulating film. 

10 . 9. The electro-optical device according to claim 8, wherein the narrow width 

portion has a buried portion buried in the groove and extending along the scanning line 

and a non-buried portion non-buried in the groove and extending along the scanning line 

in parallel to the buried portion, and 

a base of the pixel electrode is positioned high along the scanning line due to the 

15 non-buried portion. 

10. The electro-optical device according to claim 1, further comprising a 

capacitive line having a capacitor electrode on a pixel potential side connected to the pixel 

electrode for constructing a storage capacitor and a capacitor electrode on a fixed potential 

side opposing the capacitor electrode on the pixel potential side through a dielectric film 

2 0 for constituting the storage capacitor, 

25 

wherein the capacitive line has a main line portion extending along the scanning 

line and a portion extending along the data line, and 

a width of the portion extending along the data line in the capacitive line is equal 

to or broader than that of the data line. 

11. The electro-optical device according to claim 10, wherein a portion 
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overlapping the thin-film transistor in the data line is formed locally broad, and 

wherein a width of the portion extending along the data line in the capacitive line 

is broader than that of a portion not formed broad in the data line and equal to that of the 

portion formed broad in the data line. 

5 12. The electro-optical device according to claim 11, wherein the capacitive line 

is arranged in an overlapping portion between the thin-film transistor and the data line, 

and 

the data line is formed broad in a portion in which a contact hole for connecting to 

the thin-film transistor is provided, in addition to the portion overlapping the thin-film 

1 0 transistor in the data line. 

13. The electro-optical device according to claim 11, wherein; for each thin-film 

transistor, the data line is formed continuously broad from the portion overlapping the 

thin-film transistor to a portion in which the contact hole is formed. 

14. The electro-optical device according to claim 10, wherein a portion 

15 overlapping the thin-film transistor in the data line is f?rmed locally broad, and 

a width of the portion extending along the data line in the capacitive line is 

broader than that of a portion not formed broad in the data line and narrower than that of 

the portion formed broad in the data line. 

15. The electro-optical device according to claim 14, wherein the capacitive line 

2 O is arranged in the overlapping portion between the thin-film transistor and the data line, 

and 

25 

the data line is formed broad in a portion in which a contact hole for connecting to 

the thin-film transistor is provided, in addition to the portion overlapping the thin-film 

transistor in the data line. 

16. The electro-optical device according to claim 14, wherein for each of the 
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thin-film transistors, the data line is formed continuously broad from the portion 

overlapping the thin-film transistor to a portion in which the contact hole is formed. 

17. The electro-optical device according to claim 1, further comprising another 

substrate opposing the substrate through an electro-optical material and a light-shielding 

5 film formed on the another substrate, 

wherein widths of the data line and a portion extending along the data line in the 

capacitive line is narrower than that of the light-shielding film. 

18. An electronic apparatus comprising an electro-optical device having, above 

a substrate, scanning lines extending in a predetermined direction, data lines extending in 

10 a direction of intersecting the scanning lines, thin-film transistors provided 

correspondingly to intersecting areas of the scanning lines and the data lines, and pixel 

electrodes provided correspondingly to the thin-film transistors, 

wherein the respective scanning line has a broad width portion as a gate electrode 

in a portion opposing a channel area of the respective thin-film transistor and a narrow 

15 width portion in the other portion. 
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ABSTRACT OF THE DISCLOSURE 

An electro-optical device of the present invention comprising pixel electrodes, 

TFTs electrically connected to the pixel electrodes, and scanning lines and data lines 

connected to the TFTs on a TFT array substrate is disclosed. Each scanning line has a 

5 broad width portion as a gate electrode in a portion facing a channel area of the TFT and 

the narrow width portion. 

As a result, an electro-optical device capable of easily adjusting an arrangement of 

the gate electrodes and the scanning lines and at the same time precisely driving the TFTs 

is provided. 

Page 298 of 395



FIG. 1 

Sl S2 
6a 6a 

70 

• 30 

G1--....-..... ----+--+------

X 

Sn 
6a 

330a 

00 

330a 

300 

330a 

Page 299 of 395



FIG. 2 

\ L--...J..+,-:-

6a 
t 

i 9a 

330a 

-··-··--·-·~ 

30 1a' 

i :~: i :IZ!: I 
i : : 9a i : I 
~ ~ 

y 

X 

~ 

9a 

00 1 . 

--- ~··• 
a : 

i :!81: i 
i : : i 
~ . . 

-~ i 

Page 300 of 395



FIG. 3 

INCIDENT LIGHT 

A V 

30 lf 
RETURNING 

A' 

a 

f= 

:d 
::;:;.!! 
-;: -:; 

~~4 

Page 301 of 395



FIG. 4 

X 

Page 302 of 395



FIG. 5 

··~··· •....•• ••· .... _.--··r~--

: ~ h 
. . 

A' 

:· ~•~-~ I oo 1 
•• r~..........,. :l~::::===~~~~=i=P.L. l!:$==.:::==::~;,;,.;.;:.:f=::==iHJJ:LJJ 1 • ·t ~--

• \ ~...,;,..,:_:_..:....;:_:_.....;....:_;...c___---+-+-=-' ~..:....:....:..~____;...:....:...:. _ _.;;_;_~ L-L-~'-, r 
' / r...=~ ~~~~~~~~r,fj: ~======~ti"t-;=1=~ I•, : L -·--·-··. ··-··-·· .J 
• . 
: ~~ a • 

a 

I 9a 

• 3 

9a 

y 

X 

-, : : . 
\ .. 
\ 

,. L-_t--_::-= ~:-ll'·•1·. 
r-:- _J : 

i :~l i 
i : i 
i,-=-... • •. ) 
. . ...__ .. 

Page 303 of 395



FIG. 6 

' 
I I . . 

9a 9a 

330a' 

~ 
~32a' 

~ 

, -' ' I I 
' 

9a 9a 

11 --, I 

I I 
' 

X 

Page 304 of 395



B 

FIG. 7 

16 501P ,---- 501 

501a 

,, 
B 

- 42 
..:::-==:::::::::::::::::::~:::::_;~ 7 5 

----I----+-~~-----=-------41 

300 71 332a' 

Page 305 of 395



y 

X 

9a 

340a 

9a 

FIG. 8 

Page 306 of 395



FIG. 9 

12 340a(342a) 

21 21' 

3Gl 

Page 307 of 395



y 

X 

9a 

350a 

FIG. 10 

Page 308 of 395



FIG. 11 

350a(352a) 
/' _____ A ____ '\ 

352aB 352aNB 

22 Z2' 

3G2 

Page 309 of 395



FIG. 12 

T 20 T 

(/.1ES.(Z 7_2/ 2 Z 2_7,2/??27_7_2_2_2.2/2/~ 

21 22 

430 

11a 

10 

Page 310 of 395



FIG. 13 
(a) 

X (ROW) 

(b) 

X (ROW) 

Page 311 of 395



y 

X 

9a 

360a 

FIG. 14 

9a 

85 

.JL 

Page 312 of 395



FIG. 15 

T 
20 r 

21 22 

16 
9a 

9a 

360a 

11• ~ 
~2 

Page 313 of 395



FIG. 16 

Page 314 of 395



p 

1 6 

43 

FIG. 17 

22 5 0 23 
,,,--.,_,/ 

9a 

i W2', 
6a 

P' 

(3 0 2) 

Page 315 of 395



FIG. 18 

Q Q' 

,----~----1 

22 50 
23 

,.-..__/ 

l 6 9 a. 

W6 
~ 

43 

300 (302) 

75 

Page 316 of 395



I., 

FIG. 19 

R:._ ________ f 
ws 

43 

42 

1 2 

1 0 

2 1 22 

1 6 

50 
~ 

W6 

+ 
+ + 

+ 
+ + 

+ 
+ + 
♦ 

+ + 
+ 

+ + 
+ 

+ + 
+ 

+ + 
+ 

+ + 
+ 

1 

1 a 

R' 

I 

75 

Page 317 of 395



f 
104 

106 

H 

1 

10 
J 

53 

53 

9o. 

20 

FIG. 20 

105 
./ 

102 

FIG. 21 

50 10 

H' 
I 

.. .. 

106 

52 

104 

__.,,,,106 

H' 

53 21 

52 
105 

Page 318 of 395



1114 

1120 

FIG. 22 

/ 1100 

1106 1108 

-- -~E:€ct:J 

1108 

1122 
I / 
' 

-...J----, 

1106 
I 
I 

: 11os/ ~ Vf'-1123 ~--'-1121 
I ~ I 
- -- - - - - - - - - - - - - _.J 

1102 

Page 319 of 395



PTO/SB/106 (8-96) 

Approved for use thmugn 9/30/98 0MB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995. no persons are rnquired to respond to collection of information unless it displays a valid 0MB control number. 

Seiko Epson Ref. No.: F007516USOO Attorney's Ref. No.: 114542 

Declaration and Power of Attorney For Patent Application 

QIP~ ~~lli~~~~~V~ff~ 
Japanese Language Declaration 

g®ttm.gea.oo■tt. T~®g®~g®•~~~~htc 
jfil'.l l: 9 0 

T~©g,fef];©~~~OOLc■*•oo~~~~h.M~WDLc 
l,\{;)~~r-J@l.::--:Jt,\c. g-1J1.Wir:::>1ll-©~BJl:lt (Tlfil©~g 
-/Ji---:J©a~) ~L<tt•W~--:J#~~~:tt--c~?i>t.(T~©g 
fefl;tfi~~©-~) rabcl-'*9o 

..tira~aJJ®BJJitille (Tlin®•--c x f:P-!Ji--:::it-,c 1,,1:i: 1,,a~t:t. * 
ei.::~M) ti. 

[8J 2002:$. 12 § )7 m.::m/:H~h. *001:HDffl:-f½*tcl;;t 
M~l'bb'.,l:'.*~ 00~/:HDffl:-f½~ 10/320 371 t. L. 

(~~--tQa~) __ l.::filtE~h* Lfco 

gtt,M~•*•oo~ah..t~filfr·®~itill·~-~L. r-JS 
~:!!!HWLct-,?;,.::. t.~.::.::t.::*~L*i"'o 

g1;:1:. ~nm1t1JiJi!ll!ffi 3 1 mm 1 * s 611n=:-t~~ h~ t. t-3 IJ. 
Ml¥f~m©1t1!1H.::--:::i1,,c 1[~~ti'iffl~lffl~<.t ?i> ~~tfi~ -"6.:: t. ~ 
~~*9o 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 

plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 

ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATIJS 

the specification of which is attached hereto unless . the 
following box is checked: 

cgj was filed on December 17, 2002 
as United States Application Number or 
PCT International Application Number 
10/320,371 and was amended on 
___ (if applicable). 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred t~ above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 

Page 1 of 3 

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Tune will vary depending upon the needs of the individual case. Any 
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark 
Office. Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND To: Commissioner of Patents and 
Trndemarks. Washineton. DC 202~1. 

Page 320 of 395



PTO/SB/106 (8-96) 
Approved for use thrnugh 9/30/98 0MB 0651-0032 

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

Japanese Language Declaration 
( B --,lc---§li~::::; ~) 

-'-P-lll=:f_§l=l l=t 

.fbl;i._ *OO*ftffi 3 5 ii 1 1 9 * (a) - ( d )lJUUi 3 6 5 * 
(b)JJH:£~-rgaco, *OOtt?i-©00©1>~< ct> 1700Ufi:.El., 
-c1,,,QMJ;lffhh:h*k83 6 5*(a)JJH.:£--:5<00~1±lffi't 3<.li?i-00 
-eco!ls¥J;lf l±Jffi'it> L., < li~l!,ij~lli[CD l±lffi'il.: ·:n ,-c ©?i-OOQBtMtl ~ ;:_ 
.:: l.:±m T ~ c t. {d.:, t\Utfft1 ~ ±m 1..., -c 1,,, ~, ;;$:l±lffi'i© Mi.: 1±1 
ffi'i~nt.::MJ;lf*f.::ti~l!,ij~lill:©?i-OOl±lffi'i~tlT~,ff~~v-~ 
-t-oz..t-c, ~1...,-ct,*To 

Prior Foreign Application(s) 

?i-00-c co $t fi 1±1 Iii 

2002-000713 
(Number) 

(:m-~) 

2002-363864 
{Number) 

( ·~) 

Japan 
(Country) 

<oo:g > 
Japan 

(Country) 
(00:g) 

fbli, ffi3 5ii*OO*ftl 1 9*(e)~i.:£t-,-cTgaco*OOM 
J;if l±ltiim.:.EI.: gaili\\ ~ nt.::MtlfrJ ~ ;:_ ;:_ l.:.:l::m1,,, t.:: L., *To 

(Application No.) 

(l±ltii:m-~) 
(Filing Date) 

(l±llf!B) 

.fbt:1:-naco*oo*•• 3 5 m 1 2 o * 1.:£t-, -c Tiaco*OOM 
J;lf l±JIJil.:gaili\\~ nt.::Mtlf!L .3<.li*OO Hfi:.E L, -ct,, .:Mtm:• :h*k8 
3 6 s *< c H.:£--:5 oturJ~ z. z. 1.:±m VJ; -to * t.::, *l±ltii® 
&m*•~co~-~*OO*ftffi35iill2*ffil~.3<.tiMJ;lf• 
7J*~-cm:.E~ ht.::n*t:$tfiT ~*OOMJ;lfl±JJJJH.:00~~ n-c t,, 
~t,,ll]l! IJ, t-©%fi*001:l:ltiiiH~1±1 Btt~-c,$:!±lli'iaco B ,$:00~ 
*f.::tiMJ;lf•:h~~oo■ml±lB*~®MM$~A~~n~, •n 
•™*ftffi37iil.56~-c:.E■~ht.::M~•mco~-~-9 
-Q m~t;tttH!iH.:-.J 1,,,-c !mff-■.Jsffi;ii;-Q.::. c ~Bmlt L, -ct,,* To 

(Application No.} 

( 1±111'!:ffl:~) 
(Filing Date) 

( l±lli'i 8) 

(Application No.} (Filing Date) 

( l±lffi'!:ffl:5) ( l±lrmi B) 
.fb,i, fMI ~CO:Wmitl.:£--:5t,,-C ;;$:il§"i5$-c.fb #fii;t -5 ~l!,ij~ 

•~~;t;;IJ, ~-.J.fb~A~L,t.::fflffl.t.fb®mt~cz.6~£--:5< 
aaJJffi~-c •~-e;:t,; ~ t. mt-ct-, Q z. c, ~ i:, ,.:uuii.:t;t ~ nt.:: 
dmcoa~HU.f-nc~•conatt*OO*Am1smm1001 
*~£--:5~,••*t.::ttNffl, t>L,<tt.f-co~:n~ilJ~R~n 
Qz.c, .f-L,-c.f-coi-5t;ta•~~-Qdmco~l!,ij~fi~~~, 1±1 
tJiL,t.::.xtta~m:m~nt.::Mm:co~~tt~~bn-Q.::.c~am 
L,, i?cZ.Z.~~2CO~c<il■~BL,*-to 

I hereby claim foreign priority under Title 35, United States 
Code, Section 119 (a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 

07 / January /2002 
(Day/Month/Year Filed) 

( 1±1 IJi ii: J'J B ) 

16/December/2002 
(Day/Month/Year Filed) 

( l±lfili if J'J B ) 

Priority Not Claimed 
ei$"cttt1.:l::mtd': 1..., 

□ 

□ 

I hereby claim the benefit under Title 35, United States Code, 
S~ction 119 (e) of any United States provisional application(s) 
listed below. 

(Application No.) 

( l±lli'i:ffl:~) 
(Filing Date) 

( l±lli'i B ) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365 {c} of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
112, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations. Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 

(Status: Patented, Pending, Abandoned) 

{JJI.?£: Mm:m:mm, ~Iii$, mu~m) 

(Status: Patented, Pending, Abandoned) 

(JJI.?£ : MJ;lf J;lf uJi1L ~Iii$, nJi~m) 
I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 

Page 2of 3 

Page 321 of 395



PTO/SB/106 (8-96) 

Approved for use through 9/30/98 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to collection of information unless it displays a valid 0MB control number. 

Japanese Language Declaration 
( B 

*

~-;:; ~) 
111=1.!3. l=t l=et 

~f:ftl(: &tl.P~©-~~~Lt,*WM~009~-W®~ POWER OF ATTORNEY: As a named inventor, I hereby appoint 
M~e*M~--~~MLt~fi9~#•±*ktlf\'.;•A~L the following attomey(s) and/or agent(s) to prosecute this 
t. pjjc©~ew:g1,,t.:_ L*9o {#-~±. *tdl:ft;Jll!A©~:g application and transact all business in the Patent and Trademark 
,& rFfUlM!t-"5" e ~ jjG© .:: ~) Office connected therewith. {list name and registration number) 

James A. Oliff. (Reg. 27,075) James A. Oliff, (Reg. 27,075) 

William P. Berridge, (Reg. 30,024) William P. Berridge, (Reg. 30,024) 

Kirk M. Hudson, (Reg. 27,562) Kirk M. Hudson. (Reg. 27,562) 

Thomas J. Pardini. (Reg. 30,411) Thomas J. Pardini. (Reg. 30,411) 

Edward P. Walker. {Reg. 31,450) Edward P. Walker, (Reg. 31,450) 

Robert A Miner. (Reg. 32,771) Robert A. Miller. (Reg. 32,771) 

Mario A Costantino; (Reg. 33,565) Mario A Costantino, (Reg. 33,565) 

~ffi~ft:,'c: I Send Correspondence to: 
OLIFF & BERRIDGE. PLC OLIFF & BERRIDGE, PLC 
P.O. Box 19928 P.O. Box 19928 
Alexandria, Virginia 22320 Alexandria, Virginia 22320 

@~fflj;z;j.il~9i:; : ( :g AA :& U ffl lii1i 1' "5" ) Direct Telephone Calls to: (name and telephone number) 
OLIFF & BERRIDGE. PLC OLIFF & BERRIDGE. PLC 
(703) 836-6400 (703) 836-6400 

Iii-* kii~--~~:g Full name of sole or first inventor 

ttlli iE~ Masao MURADE 

•BJJ~©~:g BM Inventor's signature Date *~ ~ if--t'- ...2003~.2 f-! 2 7B /\1.a(..ao /Ylv.r<lde Feb.-1,1,a..--7 -ir, .2.00.J 

f±ffl 
:i.\ ~:t~m 

Residence 

B*OO. --k'li ~- ,Suwa - shi N<l'l._4 r\o - ken.. . Japan 

OOii Citizenship 

B* Japan 

t1.•m Post Office Address 
392-8502 8 *OO!ilUHllifilfili~~D3T 13 3-5~ c/ o Seiko Epson Corporation 
-f!,,(:::J-I°?'',J:..,~i.t~U~ 3-5, Owa 3-chome. Suwa-shi, Nagano-ken 392-8502 Japan 

~=:!t(PJ-~~ Full name of second joint inventor, if any 

ffi=#(PJ-~~©~:g Bf-q- Second inventor's signature Date 

f±ffl Residence 

B*OO. . Japan 

00~ Citizenship 

fA~ffi Post Office Address 

<ffl-=J..J.~©#l\'il•~~1;::-:n,-c {i l\'iltJlH::gaJI& L. ~isei""~;:_ (Supply similar information and signature for third and subsequent 

~) joint inventors.) 

Page 3 of 3 

Page 322 of 395



.. 
PATENT APPLICATION 

IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 

Masao MURADE 

Application No.: 10/320,371 

Filed: December 17, 2002 Docket No.: 114542 
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2. 
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[2J 3. A computer-generated English translation of the following Japanese Patent 
Publication has been obtained from the website of the Japanese Patent Office 
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Reference JP-A-2001-356709. 
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Date: February 11, 2003 
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For (Title): ELECTRIC OPTICAL APPARATUS AND ELECTRONIC DEVICE 

By (Inventors): Masao MURADE 

Formal drawings (Figs. 1-22; 21 sheets) are attached. 
D Use Figure for front page of Publication. 
A Declaration and Power of Attorney is filed herewith. 
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Please amend the specification by inserting before the first line the sentence --This nonprovisional application claims 
the benefit of U.S. Provisional Application No. __ , filed __ .--
Priority of foreign applications No. 2002-000713 filed January 7, 2002 in Japan and No. 2002-363864 filed 
December 16, 2002 in Japan are claimed (35 U.S.C. §119). 
0 A certified copy of the above corresponding foreign application(s) is filed herewith. 

□ 
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This application is NOT to be published under 35 U.S.C. l 12(b). The undersigned attorney or agent hereby certifies 
that the invention disclosed in this application has not been 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. 
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~ Check No. 137340 in the amount of $740.00 to cover the filing fee is attached. Except as otherwise noted 
herein, the Director is hereby authorized to charge any other fees that may be required to complete this filing, or 
to credit any overpayment, to Deposit Account No. 15-046 l. Two duplicate copies of this sheet are attached. 
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James A. Oliff 
Registration No. 27,075 

Eric D. Morehouse 
Registration No. 38,565 
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SPECIFICATION 

5 BACKGROUND OF THE INVENTION 

1 . Field of the invention 
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25 ,ti,ft 1,,' c c bf;: Mtc:l:]!cY::>~J;-:g:~ c MzJv ---c'ITTJtc7Eft~/;: i'G- 0 ---C filV -;s ;p:f:tcY)~J;-:g:~ 

51 c ~ff L, ~t;p:l:]!cY::>~JJ-~:5:r(l)f¥ff,= ~ 0 t, MicITID*ffit.iO)T±!fH'i, Mic.½ 

ft*i f;: i'G- 0 ---C ~ ~ J::il~ 0 ---c I,,\ '6 o 

::, (l),J~f= ~ nti, M~E$i~1fHi:l:]!cY)~JJ-fm C #:l:!i!cY::>:i-6J;-1f~ C ~~ L,, ---c V \ '60 

-t Lt, ::, ,ti, G :l:]!cY::>~JJ-~& v;F:1:tcY::>~JJ-:S:~,:;1: 1,, 'Tn 16 ½~~f;:tG-0 tfiltY---C :B 
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".J , ::... (1) S t:i ~J.l=::l:Ji! 60 ~ ]j. tffi 51 (1) fFtE ,;: J:: 0 -c, Mic®* Mffi (1) T ffiHi, Mfi:, 7EA 

k#\H;: tG--:::i -c ~ ~ l:JJ~ 0 -c 1., \ o o 

::_ :rt, ';: J:: :rt, tr_ * i\ :I:]! 60 ~ d:f- if~ k .-::: ~ L -C ti , J:. ~ (1) ¥ :I:]. {t ';: iP ii~ o f1=: ffl 'tj] * 

n~ fRl#R,=1t G no=. c: ,=ft o O ~ * ~, ii:1:lt!oo~]j.tf~J:.(1) J:.Ji t L -c %JJx: 6 no 

5 JiFe1i~~DJ, ~l,\f:i®*Mti&V~cfPJDJ~(f)*]ID!:itioo-C J~j(fft¥:1:il'i1:7cr'~~T 

o =- t ,= ft ".J , ~ ii tm 51 ,= .:tHt o ~a fPJ ~ .& ~ 7cr' 1:. 1.: 6 --tt o PJ ~,11: 7cr' f.li ~--t o =. t 

ZJ~C' 2" 0 0 

t'Xf=, J!=:tli!oo~]j.$,= ~ L -c i:t, ii#tlt!oo~]j.ff~(/) J:Ji c: L t%JJx: ~no Mic 

~c[P]~~(f)*oo'=, m x. -c 7E~~ ,.-:::rG 0 tc.8tm ~%tr .®Jtn~%JJx: ~no h~fr□ ~ ik: 

10 JilH--=:ftoti~G, J:~(1)¥:l:B{t,.-:::f*ofi=:mri*f:i1iGhftv\1t:,(/)(/), {j((l)J:: 5 ftflJ 

J~ tr: 1i O =- C: 7)~ C' ~ 0 0 

* 1-'\ 7-fs:55 flJH;: {,f o M 'A :Ye'¥* ii: '"t:' f :i, tW ~ (1) :t; {t 7cr' 1W 11:. L *ii:~~(/)~ WH~ 

~7cr'~ o c: c: t, ,.-:::, *~®f~J:(1) 7 o 7- 1'-'.1 ~7 !J o/ fJ~7cr'{.li~--t o =. c: 7cr' 13 

s1 c: L -c, Mtc®*Mti7cr' =~(/)ff.,=:S~ttc.J:, ::...h G 7cr'3'Jk (l)J!JWJ-c:1xl!ii.~11J 
15 T 6 .~i/J::&"1':tdJ\~m ~ t1 o =. c: 7)\ &> oa --tft b t:i, ffi 1 (1) Ja"JWJ-C:.Jxiri,~i/J 6 ho 

~oo(f)ffil(l)@*Mffiff.c:,ffil(l)J!jWJtffl•(f)ffi2(1)J!]WJ-C:.lx~-i/J6ho~ 

oo(f)ffi 2 (l)@*ffi:t~ff t 7cr'%trm~(/)®*•tin\£tjJ:.,=¥oo~cJIJ 6 n-c:to ".J, 

O) Nl!iimiiJa1H.-:::~a#tlJ ,.::::tov \ tffilif=~tit!(l)•i/J•EE'"t:'•i/J 6 h offl ~~--t 

0 @i * Mffi C: ( i i) .Jx tiimi/J a#{;:::~ a# t 1H= :J3 V \ -Ct§ ]i ~= fRJ - ti ,ti (1) mi/J MEE C' .j/J 

20 6 ho ffl [~,H~--t o ® *Mti c: (1) fi61 ~n~ 1¥1=1: L -C v \ o o ::... ::... '"t:', AA~ ( i ) ,.-::: it~ 

--to®*ffi:fit~ZJ~T·-711;ijH.-:::tG5::&"1P1f=~~Gh, Mtc ( i i) f--=:at~--to®*· 

tin\ 7EA*i'= rG 5 ::&"fPJ t=~ ~ G h -c v \ 6 c: T 6 c:, ~ o-(f)jj§:Af#1H= rB 5 ::&"[P] {;: 

~.,S-:®*MtiJJ~-(f)fii~t!'"Z:-,ijRIIJ 6 hoc: c: t k;:, Mic~o-(f)jEA~{;:;f:§~~T 

o fill(/) 7EA*i '= rG S .:n fPJ {;: ~ .,S-:@i * ffi:fit~ ZJ~ M~E - (1) tii~'t':E (1) Ix tt (1) tit! '"t:' .~i/J 6 h 

25 o t v\ 5 = t ,=,to (i.,\;tH-9)o r 1 H.lxtiimi/JJ ) 0 

Lil~ L ftJJ! G, =.(/)~if, -r·~ 5" ~,.-::: rG--:::i -Ct§ ~:t1k--t o ®*MtiFe1i '"t:'f:i, ~ffi 

,t!(l)ml/JMJ±f;: J:: omllJf;:£0 < ffiffl:WiJ\561:.T o =. c: ~=ft .:So ::_ (I) J:: 5 ftffiffi: 

Wf:i, ®*Mtilk VttfPJMffiFe1i '"t:'561:.T o ffi:W (Mtcffim:W,=tt--t o r~•w J 

tlff~oo) ,.-:::i5Lh7cr'1:.t:6--tto:t3.:ChJJ\&>".J, -{-(f);m*, iW~:5:t-=f-(/)~cfPJik:~ 
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-a:-m ~ :im ~ , c l: i::d.t 0 :.=. l: iJ ~ III it c ft ~ , I® ft*~ , c ~ ~ -a:- lfd f' T r:iJ filg •t1: iJ ~ Jo 

0o 
~ L, -c, *f@~--Cf:t, :.=_ O) J:. 5 tt~~-§-0)35±.T 0 r:iT1m·t1:il~Jb 0~-€tic.:r31,,, 

-C, l®*ffl:;f:ti_iO)T:l:llitC%JJx:6tLfc, :xE:1E1W1HctG 5 8B"~tJ~~=tfO)~~:a:-m=-a-c < 0 

5 ::. l: kC ft 0 o 

-t ft :b ~, ~ 1 ,c, ~oor*mt.i0)~$ tJ~M12.1&~J:: icfftii:-t 0 J:. 5 ~c%JJx: 6 n 
0 l: Thf:f, ~ oor*m~ l: %1-rtDffl:t.i l: 0) r~, ~=±. C 0 ffi:ffl:W-a:-, ffl ~t:&T 0 @*m 

t.i ( !f!f ,c, JVt 0 ®*ffl;f:ti_iff ,c~ T 01®*1lU.i) 0) r~i kC 1:. t, 0 ffiffi:W l: J::t~ t, 

t!tttl¥J ~c5mb.') G :h,0 o &P ~, -ffJtfc ffi:Wf:tmt.iF~9 O)!fe~ltM;a < ft 0 ,c 0:h, t 5i < 
10 ft 0 0) ---c-, .l&~O) ~ 6 0):53'f:='. ~t, 001*ffi:t.i0)~$ il~x-t rtDffi:t.i fcifi:----5 ~, filij~r~, ~c 

1:. C 0 ffi:ffl:W iJ{59ib.') G n 0 O) t' JD 0 o ~ 2 ~c, ~ OOJ*ffi:t.i0)~$iJ{ :.=. O)gt~J::fc 

fftii:-t 0 tP:Str>~ct:D:b G f\ t§~t:lk-t o@*fflt.i (~,=, ~ft 0 ®*ffi:~t=t~=~ 

T 0 00f*ffi:;f:ti_i) O)F~9 ~=1:. C offiffl:WtJ;.i&~O)tffE~C J:. ~ gt~O)~g$,cr,t- C-C~5J 

b.') G n 0 t ~ ~= ffim w ti~ :im i&1 -t 0 ffl:%. J1c ¥4w w 0) ,ifft :a:- c .1& ~ ---c-i~ ::n-i¥J , c ii: ~ ~ 

15 ;t 0 :.=. l: ic J:. ~) ~f 0 :.=. l: ~c J:. "'.:) t 'b, ~=1H*ffiffl:Jr.O)ffi:%,J't$4wWfcM-t 0 W 
ffl -a:-{fl::~ --c ~ 0 o 1½: "'.:) -c, f3i. ilii~lb 1i:it ~c f=F 5 ffiffi:W ,c J:. 0 i~ ~ 0) ~2. rtD ~El~ 0) 

ffi: %. ::It$~ 'ft 0) lb W ~ El -a:- ffl::~ --c ~ 0 o ::. 0) ~, J::JZE 0) J:. 5 ~c 001 * ffi:t.i 0) ~ B'~ 
f'i, .l&~J::~c&ii: L, t 'b J:. v \ L,{ftii: L -Cv \ft< -c 'b J:. < , J! ,cgt~O)f~f4 L, tcg\t 

v \fj:~*tlrftfJUJrni O)~i:j:l fc{ftii: L, -C v \-Cb J:. v \o 

20 JJ□ ;t -C, ffl:%.J't$~jf O)l/]f'p~ Elffilm-a:-~i-ttc b.') O)~J't~ b ,J, 6 < --C~ 0 0) 

--c, J't~ ~t~O)OOJ1*~ El :a:-@:.=. 6 f tc~ OOJ*O) 00 1J $-a:-rWii b.') 0 :.=. t <b r:iJfilg l: tt 

0o 

0-J:: m f3JI L, tc J:. 5 f c, * m ~ ,c J:. n ,:r, m- ~c ;tj!_ b.') ~ ]f.. $ 0) .{¥;(£ ,c J:. ~ , AA JZtt 

L,fcijZ:l:JiftkC1*'0f'Fffl5c:JJ*-a:-1~0 =- t ii~--C~ 0 l: fR]a~,c, m=~cjft_lb.')i6Jf.$0) 

25 1¥1:E~cJ:. ~, 7E1Ef6ijHctG 5 8$-a:--atftSUf-a:-cb.:t t%JJx:T0::. t ,cJ:. ~, ffiffi:W 

0)35±. -a:- ~Jj Ji: T 0 l: v \ 5 1t ffl 5<:b*-a=-1~ 0 :.=. c ii; c ~ 0 o 

*36f3JI O)ffi:%.3/t$~ii:O)filiO)f@~--c,:r, MtcOOJ*ffi:t.i,ct:&~ 6 n -c :t3 ~ ~fl$ 

:1.:-a:-tltJJx:T 0 OOJ*ffl:{ftfflJJ?G:l.:fflt.i c, aY<OOi*ffl:{ll{JllJ?G:l.:fflt.i{C~ffi:w~--a:-Jr L, -C 

MrtD~ii:6h-C.:to~M~-fff?G:l.:-a:-mJJx:-t0~~m&ru$:l.:ffl:~-a:--atf$A•t 

10 

Page 342 of 395



{r ]! ';:{Im ;t -c ft I) ... Mic?G'.:ii~ti, M~n§:1t*JJH;: 7S 0 -c JJHJ 0 $:~ff!L!:: Mic-r'­

,:/ ~ ';: 7S 0 -c fil V 0 ~~ )j' C: {r 1"f L... Mic?£¥·~ f;: :jS tt 0 Mic -r' - ,:I~ f;: i'S 0 -c fil 

V 0 ~~ )j' (T) IPi ti... ~ !%Z-r' - ,:I ~ (T) 1PM C: IP] - X ri J: l) rt < % fjjt 6 n -c 1., \ 0 0 

:. (T) ~ i1M = J: n ,:c @ * m tn-'i, = rt ... @ * m 1:v: 1f1.1J ?£¥ iHi tn.1i c: u!ii AE m 1:v: 1-wJ ?£¥ :ii m 111.Ji 
5 c: il:\MIPl~cii: 6 n -c ft .:s ~ff(?£¥:iiil:\~~ 6 n -ci.,, .:s (T) t', @*ffl:t.i,:: •~ ~ '¼ n 

fc 00if~{~%(T)ffl:J± {rffe:;l:IJH:= btc. 0 -c*~c' 2' 0 o .f: L -c !}tHc ... $:~;j31H;::r31., \-c 

rt ... ?£¥:ii~,c:jS tt .:s Mtc-r-- !l ~,=rs 0 -cfilv.:s i~)j'(T)$if::t, ~~-r--!l ~(T)$M 

c: [Pl- x f:t J: lJ J1:. < -}f;Jjx; 6 n -C v '.:S :. c: {Z:: J: ".J , $ :ii*l {r J: lJ {fi:tfim1t:T 0 :. c: 

iJ~J:tJfm c: ft .:So '¼ tc ... :;$:~~,c:}31., '-C l::t, J:jztt(T) J: ? ';:?gji~(T){fi:tfim{t {r~m 

10 L 5 .:s =- c: tPG ... *&~f*n,G~ -c, $:ii~(T)J;k/J,1t ... 01.,,-c,::t~m$:ii(T)~,1-

1t {r ~}Jx; L ) 0 :. c: c: ft lJ ... --c (T) ifij!:Jf, 00 l=I ,$(T) IPl J:.: {r ~ 0 :. c: il~ c' ~ 0 o :. :. 

t', r ?£¥:iiffJR(T)J;tt,J,ftJ c: 1.,, 5 c: ~, $iLJI El f:.$:tt. --c (T)$i iJ~-r-- !l ~(T)$M c: IPJ 

-tp, x,::t r J: lJ Jt:.< J %filt6n0(T)t'i00tPG, -~¾ffl°ToiJ,(T)J: 5 ,z::~;t 

0 il~, .f::. fz:: mt,'.t 6 n -c v' 0 $iJ1:. • IPM~ c: v, 5 lft£: f::t, i0 < '¼ t' 16 ?f¥ :ii~ c: 7-

15 !l ~ c: (T)t§::ttl¥J ft~f*il" G i'JtAE 6 n ;s .r-:: 2' t (T)--z:' i0 0 iJ, G, *ii:~f:$:iJ, G ~n 

f'i, 1Jt*f;:J::t;.r-::-c, f$:ii*JR(T)~1J,{tJ iJ~~J1x;L5 ,5(T)c·i0.:So ft:t3, J:.:~fz::1.,, 

5 $if1:. • $i~, i0 0 v 'f:t:;$:~13JHz:: 1.,, 5 r J: lJ rt< J c: 1.,, 5 ~i5-(T), Jl-{:.$:1¥Jft$1{f« 

f::t, :EJUi1¥J •~~ITT• ~~1¥J ... i00v'f::l:Y~ ~ v-y3 :,,,{cJ:0-C, 5@1rtlf5@ft 

t (T) {r i'1t AE L -5 0 o 

20 6 G ,z::, *~~ ,z:: J: n ,'f... J:.::izt (T)ffi:t.1&m:1t ti ~t c' ,:t ft < , tWnJ r- 7 ✓ 1/ A ,:1 ... 

c: lJ b it .f: (T) T -y * 1vi~ :l!ix f z::. ~T 0 :31t 1'. M {r , 1Jt * f z:: J::t; ..,-..:: -c J: VJ "SZj] * l¥J f c 1W 11: T 

0 :. c: iJ>; l=lJ!i~ c: ft .:So c: v' :i (T) t... g{:izt Lt~ J: 5 f;:, 1Jt* f;: :t3v '-C f::t... -r· - !l ~ 

(T)J& Em~ c' Jx!tt Lt~ J'tiJ~~jt C'. ft 0 -c... ~ f.D... rt~ f' 7 ✓ 1/ A ,:I {z::1'.MT 0 ~15" 
iJ~ i0 0 tc. c: :. ;s, :;$:~t!!Hc J: ntf... .f: (T) J: 5 ft~J'tt' i0 0 -ct ... -r'- !l ~(T)$M c: 

25 fRJ-n, ... xf:tJ: lJ Jt:.< Mnx:6ntc.?£¥:ii~,=J: lJ ... --c(T)J1t(T)jigfitJ~~Gn.:s AJi~ti: 

iJ,;~ < ft .:S 1.P G t'i0 00 

~ J:.: (T) :. c: iJ, G , $:~ l~JHc J: tL f'i... $ ii*)71l (T) ffi: }.!&m 11::Jz::. J: VJ , 1Jt * Fp~ ffi c: ft --=> 

-c 1., \ tc. 7 t1 A f' - ~ ~tJf ~ ii 2' ~ (T) Fp~ffi iJ~ 1:. t, 0 J:tJ~'f:i jJqft~T Q O '¼ tc.' riffl 

r- 7 ✓ 1/ 7' !J fZ::j:3 ~t 0 J1t 9 - 7 ffl:mt(T)~1:_jJqft~ 6 ;fL 0 2:. C: ,z::. J: 1J , ~v ,£if {r 
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t~®•:a:-*~-t6=t~~~c~6o 

:=t t::..., *36~ ~c:J:ot, 'l f'i, ?6:lt:m.il{c:Jot, 'l, M~"i:.:Y-·-,17 ~,crB-0 tl!!;V6t~51 

il~tfff L tv \ 6 = C ,=- J:. VJ' IHl?6:m:O)tix1r::a:-~!fflT 6 = C il~c-~ 60 = ;h, 

t, r1ie\iv,£W:a:-t~@f~O)*~'=-*~ < :i:f-t-6 = c ,cft6o 

5 ft:J:3, J:~ Lt::... J:. 5 f_t3/tj}1l]/&~~ :a:-, J:. VJ !if:iiHC3EW 6 --lt 6 t::... 6bfCf'i, ?6:lt:~ 

:{r-tlfnx:-t 6;ttf} c Lt, 3/t~3/ttEO)~;h,t::... t 0) :{r-;b t 6 c J:. 1., 'o #iJ ~:Jf, A 1 

(T;v~.::::.r)A) , Cu (jlnJ) , Ti (y/;71/) , Cr (~ r:zA) , W (/;71/~-­

A T 1/) , Ta ( 511/ 51 ;v) , Mo (-=c !J f:Y-'1/) ~O) 5 ~&ft< c t-~:{r~ 

u,~~¥~,tr~ .. ~~1/!J~~F, ~01/!J~~F, =nG:a:-ffl~Lf::...tO) 

10 ~iJ{~f~f=-f.~ffl--c~ 60 :=tt::., =n,cno;t -c, v1J;tii ... ~ !J 1/ !J :::r 1/~0)3/ti:&i& 

t10);t,1lf:,}:a:-f~fflT6 = C 16--C~ 60 

= O)~~c'f'i, -~1n1E:Y-·-51 ilU'i, M~GtWHJ r 5 ✓ :PA 51 ,c:mft 6 :fm51iJ{J~11~ff1¥J 

~=- $i rt,=.* JJx: 6 ht :to VJ , M~E?6 :lt:ii {c :to ~t 6 AA?G ::y· - 51 ~ ,c iB- 0 t M; V 6 $ 51 

0) $1H'i, AA~E :y-· - 51 m.iHc :to ~t 6 1PM rt ,c * nx: 6 ht 1., , ft v 't~ :5t 0) $i J:. VJ rt < Ji~ AA 

15 gG:y-·-,17 ~,=-:to ~t 6 AA?c$irt ,c%nx: 6 n t::... $:5t0)$M c rR1-,c%nx: ~ h tv, 6 J:. 5 

,ctlf nx:T 6 c J:. t, 'o 

= 0) J:. 5 fttRnx:,c J:. hf'f, :y-·-51 ~i=-:to ~t i5 tWHI r 5 1/ :P 7-. 17 ,c:mft 6 :fm:5tti~ 

,$JfJTE'9 ,=.$I rt i=-*nx: 6 ht t,, 6 o -t" Lt, = 0)$Ml.t ic%nx: 6 ht::. $:5t0)$M f'i, AA 

~ L t::...?6:m:~,c:Io~t 6 :y-·-1;7 ii,crB-0 t~V6 g:~5t0)$M c [A]- c 6 ;h, -ci.,, 60 T 

20 ftb'G, =n,cJ:.6c, ittWHlr71/1/A510)J:jj{Cf'i, 1,,,f;h,16$irt,c%nx:6 

ht::. :y-·-1;7 ~& V$:lt:~il;*/Jx: 6 ;h, tv, 6 = c ,c ft 60 Lt::... iJ{ 0 t , !t1'HI 1' 7 

1/ :P A 51 0) J: 1f iJ"' G 0) 3/t AM :a:- , J:. VJ 1ti ~ , =.1$ 11: T 6 = c ii~ c' ~ 6 o 

J:. VJ ~f:;ts:13'9 ,c f'iff1J ;t tf, $:lt:~il~iWJiMA~~~~7'.r- G ft 6 ~tr,c:J:ot,, t f'i, !t$ 

:lt:~¥~!tl.c·, ~~$fcLt0. 1%~~ (OD (Optical Density) f!«c'f'i, 2 

25 JJ.J:) 0)~3/t,t1~:{r-3Ew6--tt6= ciJ{c·~6o LiJ:.Lftil~G, ~~Ht~m~,cML 

-CY-!J ~~ F1l:'.111~~:{r~Jit!!T6 c, -{-O)*Jl}Jx;il~~fl:T6 = c~,cJ:. VJ, -t"O)~ 

3/t'ti~t;q~TT 6~trn~ :b 60 = O)~'B' ... M~O)~~$ o. 1 %JJ.J::0)~3/t't11i~ 

L-1J:.:$~c'~ ftv, ct,, 5 ~,g-t :b VJ 1~60 

LiJ:.6 ,c, *~~,c:J:oi.,,-c f'i, = 0) J:. '5 ftiWJl!l!,~~~~iJ-. G ft 6?6m~,c:mti 
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t, f'-?" ~ t ~ t:.:.1¥ffT 0 o = 0) .J: :de, $:!iU,'Jl& -cJf'- ?" ~O)_mf,t VJ -@;-v \ ,-=. 

.J:VJ, •m1--7 ✓1/A?"O)~*~fi5m~~~fflTn~, =nG0)~~*0)3• 

f!i,cit ~ T 0 ~ft·ti§~~1~ 0 = t iJ),-C ~ 0 o ff1J x_ t'i, f'-?' ~iJ),7 JI,,~.:=. '7 A~ 

7J'>Gf,t,:S~tr{C:}3v\--Cf'i, ~~$,cL--C, 0. 0 0 1%0-Tffl~ (ODf@:-Cfi, 

5 4YJ:.> O)~ftttffi~~-~it-:s=t~-c~-:so 

t,t :B, * n!Hi -c t:t !lfH=, $ t~ ,c :B ,t -:s 7, - 7" iHc rG 0 --c J!!; a :s $ ½' O) *I tJ~ 11: 
v \ t ,:t, 7- ?' iflJiH;::}3 tt 6 $jJA{C%JJ,x; ~ ;h, --C v \ f,t v \$'.J]'O)lpj .J: VJ t 11:v \ t v \ 5 ~ 

~-Ccboo 

&i 0 v \f:t, M~cf'-7" 1it:t, MgE•m 1-- 5 ✓/A 7' ,.=:mt,t :s mHtiJ), ~m~tH=*i 

10 11:fc%~ ~ h t:B VJ , Mic$il~(c:BH -:s Mlc7'-?" t'iHcf{:}0 tJ!l;tf 0$½'-0)rpj 

,:t, Micf'-?" ~fc:Btt -:s $111:,c%JJ,x; ~ n --c v \ f,t v \$½-O)rpj .J: VJ JA. < ii ./)Micf' 

-?"~(c:t.Ht0Mlc1PM!A.,c%~~htdm½'O)rpj.J: VJ J~< %JJ,x;~h--Cv\oo 

= 0)~¥,JHc .J:hti, f'-?' ~fc:B tt 0 IWHI 1-- 5 Y 1/ A?' ,c.mf,t o $½'iJ::;JmpJrl¥J 

icrpiJA.iz=.%~ ~;h, --Cv \0o Tf,t;b~, =ntc .J: 0 t, ittWnt 1-- 5 ✓/A?' O)J:.jj 

15 ,cf:t, v\fht1Pi%JA.fc%~~ht-::f'-?"tJi!&rJ$iikiiJ~%~~h--Cv\0 = t ,cf,t 

:So Lt:.:.il::;0 --C, itrWHl 1-- 5 Y/ A?' O)J:.JfiPG O)JtAM~, .J: l'J 1iirjHc!Wll:T 

0 = t iJ),-Z:'2-" :Sa 

f,t;;t3, ::$:~~-Cf:t!l?Hc , $t~,c;;t3 it 0 7'-?" ~,= rB0 --c J!!;-cJ 0 :tf~½'O)rpjfi, 

IPMJA.,c%~ ~ ;h,f-::7-?" ~ .J: VJ 1Pi~1Hc%JJ,x; ~ n --C It\ :So ./)j:: VJ, ~Bt$½',c:Bv \ 

20 --c, 7'-?"~ti$t~J::: VJ tlP"M~t ~htv\00 =n,c.J: VJ, -WtlxJ:ff'-?"~~ 

ftixM$0) ~ v \ 7 JI,,~ .:=. ? A ~-Ci'fiJ~T 0 t@}tr ,c .:t3v \ --c, AM:3/c iJ::;ffl:%:3/c'¥*fi: 

P"J$0)fiiJ G fpO)~*-ClxM L --C ~ C o~ft~, v \0 f-=Jvffl:%jc;'¥:*ii ~ tf1M Lt:.:. 

ftiJ::;!tffl:%ft'¥*ii>'~$0)fiiJ G t,-.0)~*-c ixM L t¥JVffl:%jc;'¥:*ii'cm 0 --C < 
oJR: VJ ft, giti.,\f:tffi:%*'¥:*iiiJ~~~~•~n0715-*~PJ"~~t,tf~~7°o /=r-

25 7 ?' ~O)~M~*~*ti:'c:Bv \--C{filO)ffi:%Jt'¥*il~ te!tt L tcjttJ::; ~Htffl:%ft'¥ 

*iiJCJ:R:0--C < 0 JR: VJ ft!f/f:tJ::;, Mfc.7'-7" ~-ClxMT 0 = t ,c .J: 0 --C~ft~~* 

~ it 0 t v \ 5 -~ ~!Wll: T 0 = t ii~ -c~ 0 o = hf:t, f'-?7 f#1Uc.:t3 tt 0 rpjJA.f;:* 

JJ,x; ~ ntc :tf~½'il::;, $t~icJ::t~ tf§Ms"J ,crpj~(C*!JX: ~ ;h, --c 1,, \ 0 iP G c· &i 0 0 

= 0) .J: 5 t,t tWnt 1-- 5 ✓ 1/ A 7' ,cm t,t :s :tr~½' tJ~ *"M JA. t=* ~ ~ n t-= 7' - 7' ~ ~-Om x_ 
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D8·c~. AA~$•-~- M~--f'7 ✓1/A~CM~T-~-c{J)00{J)3~ 

11Loo:,=i!'ir;li': ~ n --c-J3 l'J , Mfr.7- ~ ari, M12mH1 t- 5 ✓ 1/ A~ ,:=:mft D fffi:B-i= 

JJI] ;:z_ t, Mt2m• t- 7 ✓ 1/ A~ c {J)~mffl {J) ::i ✓ ~ !7 r- *-Jvl)~~ ,t G ;ti, f;:_ $:B­

iJ'i:,, $1Jt:i:=%px;~tl,tv\D J: 5 ,.:.tJJJJ>t--tD c J:1t\o 

5 ::.(J)J: 5 fttJJpx;i:=J:nt:f, ::_{J)::i ✓~ !7 r-*-Jv{f)f;:_2i),.:, ~:J'tffic l,-C{J)$ 

All ~IDt }t D::. c iJ~ c ~ft< --c 1b, -t {J)'.B-(J)~:J'ttl:.fiE5{J)f.fi:T ~, T-- ~. ~$1!.t 

i-=:.%px;--t D ::. c c:tm 5 ::. c ii;:, PJ'(itg c ft D a 

~ D v \,i, M~ET-- ~ *lfi, Mtr.fi:ffl t- 5 ✓ 1/ _A~ :::.· c i-=:., Mir.ft• r- 7 ✓ 1/ 

_A~ i:=:mft D tf~½-n~ G Mir. ::i ✓ ~ !7 r- *-1viJ~a!i ,t G ht;:. 3J~½-'¼ --Cil~ilm L- t$1 

10 Jt: i-=:.%px; ~ h -c It\ D J:: 5 i-=:.t~JJ>t-t D c J:: 1t \0 

::. {J) J:. 5 ftt~px;i:= J::hf:f, riffl t- 7 ✓ 1/ _A~ i=:J-t--t D~:J't ~ J:: l'J 1it~i= ft L- 5 

Do 

ft :t3, 1'. r- 7 ✓ 1/ A~ i.:.!lft D 3J~'.B- i.:.:t3 ,t D $11.b: ,.:.%px; ~ h tc $'.B- c , ::i ✓ 

~ !7 }- *- JviJ~IDt ,t G htdm½-,.:::J:3 ,t D $1Jt:i.:%JJ>t ~ ntc $½- C fi, )31J k i:=$1Jt: 

15 i.:%px; ~ h -Clt\t b J:: lt\o mffi t- 7 ✓ 1/ A~ i:=:mft D 3J~½- c ::i ✓ ~ !7 I-- *-;vii~ 

~,t Ghtct~½-c ~ili:~i!'icti: L-t, ~ttt~~{J)tz□ <, ilm L- t$1Jt:i-=:.%JJ>t-t D 

c , $1 Jt: i.: % JJ>t-t D 'rJ :1!!1 ~ tr~ Jf- i =: Jt: ~ f ft 1t \ c· tti tr {J) c , l:kJ iii ix M ~ 1fl :;k ~ it ft 

It ,iffl.,~ iP G ff flJ c ~ D a 

*56~ {J)ffi:'A:J't$~ti:{J){fil{J)8•i-= J: hf:f, Mi2£tJii=: ffi'A:J't$4o/Jit~:fr L- t 

20 J-t[PJi!'ir:11': ~ ntdm(J)£tli c, tt{m(J)£1JiJ::i-=:.%pjt ~ h tc~nJI c ~ ~ i.:-Om ;t t ft 

l'J, Mf27·- ~ •& VMic$t•i-=:t3,t D Mt2-r·- ~ t,1:=rG~ tfilVD i~'.B-{!)$1 

ii, Mlc~:J'tffl(J)ipj J: l'J 1b ~It \0 

::.0)8.i=:J:tLf:f, M~E{tJ1(l)£titi~G:J'tiJ~AMTD c{&JETD c, -tO):J'tO)A 

M1Jl1Jn~ G)l~H=. ~:J'tffl, 7'- ~ a& V$ilffi c 1t \ 5 3~t~m~t11f~T D::. c iJ~PJ 

25 ii~ c t t Do ::. ::. c·, ::. {J) 5 i::> 0) AA~ {J) $I ti, 1& =~ 0) $1 J:: l'J 1b Jt: 1t , o -t ft :b -l:> , 

AMJ'c fi, J: l'J $1Jt: {J)~:J'c;-i:= J:: ~ -c -t O)Jiff il~illt G tL D::. c i-=:. ft l'J , -t::. ~:im 
l'J ~,t tcJ'tti ,til~, -r·- ~ a& -cJ$:!i.i-=:.jlJJ¥T D::. c i=:ft Do ~ i=:, illtJ'cffi~ 

im l'J ~ ,t tc 3't iJ{, 7'- ~•&-cf$ ta i.: jlj :1¥T D ~'Eli-= fi, ::. tL G 7 - ~•&-cf 

$:!i.i.: J: D 1¥f~O)~J't~~{J)5Bw~WH~T D::. c iJ~c~ Do ~TD i:=, *~-
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';: J: .ti, f;:f_ - ~ r- 7 :,.,, :J A 7' 0) iriiB'tJ1: :a: J: VJ ~ lb 0 ::. c: iJ{ -C ~ , 1t !J - ,:7 ffl:ifrE 0) 

564:T 0 PJ~lgtt :a: J: VJ ~ill~ 7±- 0 ::. c: iJ~ -c ~ 0 o 

ftt:>, 7-$:~;f~JH;:t,, 5 r~1tDlJ ti, f~J;;z:Jf'M~c@f*ffl:t_iiJ{--y r- !J 7 .A~,=i!lic.:YIJ 

~.tl,00)'"(:'&i).tl,ff, ~*®*fl~:t_iO)FFl91mt:a:~) J:) ,=.Ar- 7-17°~, ~lt•f±;j?g.+~ 

5 f;:%JJxT0::. c: iJ{PJ~-Ctb00 ff tc, ~-&,;:J: VJ, !t~.JtDl:a:, fJiJx..ff-!7 o Aglt 

1t '~± 7 o ~ --:r~O)jt;J!&J&,r1:t;t*4 & V7 Jv ~ :::-.. r) A ~O).Jt,!xtt•~if-tf-}iJ'.\ G ft 0 ffiJi 

ffimc:Lt%JJx--t0::.c:bPJ~-Ctb00 

7-$:5BfJJlO)ffl:+MWti,J:::~LkJ-$:5BfJJlO)ffl:~.Jt~*a (k~L, ~0)%-~~ 

:a: -@;- tr o ) 0:: ~ 1,oo L t ft 0 o 

10 :,$:5BfJJlO)ffl:+MU{;:J:.ti,tf, ,W1J;zJf, J:::j£LfcJ:5,;:,. -~r-7/':/.A7'c5E 

lt~ c: O)i!lic.a~~O)tzfJiiti~~ :a:rr -s =- c: tJ{-c ~ 0 •~*~*• 0:: ~flffi Lt ft 0 

::. c: f;: J: VJ , -~ r- 7:,.,,:) A 7' 0) IE~ftth{t, ff tc::. .ti,f;: J: 0 ~ if[Jj{ft @f f~O)~ 

~iJ{PJffl§ft, fJiJx..f'.f,. 7,&~7°0:J:r..,Y,!J,. ~~Tvt:'', ~ffl=ffl:its, ffl:+-=¥~, 17 

-~~O~o/~, ~~-77.,{:,.,,¥ffiXti~::=-..,!J~mfflO)~~~T-~v~-

l5 17"_ 17-7.AT-'1/'3/', y-vt:''ffl:its, POStr/Af*, 7'o/'f-,r~;t,v~O)%.ffl:-=f­

MW :a:'.%~ --t 0 ::. c: iJ~ -c ~ 0 o 

7fs;:;efJJl 0) =. 0) J: 5 ft{tffi& V{filO)flJ1~f±l10;:~tfJJl--t 0 '.%:/im0)%~iJ'.\ G fJJl G ;lpf;: 

~tL0a 

20 BRIEF DESCRIPTION OF THE DRAWING 

~ 1 t±, 7-$:5BfJJl O)'.%Jim%~0)ffi:~.Jt~*ti: t=:to ,t 0 TIIDf~*~~~0:::tfiJJJxT 0? 

r- !J 7 .A~O):m~O)@f*t;:~,t Gnt::.%.*+, i!lic.f@~O)~{nfi@Jlm0::~--t@Jlm~ 

-Ctb00 

~ 2 ,±, 7-$:5ef]jj0)'.%:/im%~0)-~jt;~~-,;::}o,t03/'-5'f@, 5:Eftf@, ®*ffl: 

25 :fii~~ti:;:WJ,5,x; ~ .ti, t::. T FT 7 v-1 lHJ5tO):f!:=I ~n€T 0 :m~O) ®*ff O)If[oo~ -C tb 0 o 

~3ti, ~20)A-A'~jjj~t'~0o 

~ 4 f±, ~ 2 ,;:~--t5Eltt'Jz0)%~/~f7-:'./0).7j.{f:~T¥rni~-c~00 

~5ti, ~2c:~-~O)~t'~~t, ~~~cti5E~f@&VTFTO)~fi:M~ 

iJ~~ft 0 ~~ c: ft 0 b 0) :a:~--t~-c~ 00 
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~ 6 t:t , ~ 5 r~ 7Y- T JE :1lit1i! 0) ID tk r~ !1 - ::.,,, 0) h-~ ~ T -5¥ oo ~ -c-m 0 o 

~1tt, ~50)B-B' ffioo~-c-m00 

~ 8 ,:t, ~ 2 c [PJ@g0)~-C-m0-C, [PJIZ] c ,:tT F T7 v-1 £:tBU:::~-:1$tiJ~AfM 

~ h -C v, o ,'2--& Vit~l7'1 ~=JE:1li~iJ~:l:!l!bb~ ~ h -C v, o ,~~f-: 0 v ,-c ~fJ: o ~w~ 

5 7Y-Tb 0)-C-m oo 

~ 9 f'i, ~ 8 i-:7Y-TJE:1li~O)$i~$0)W-=f-~~Tffioo~-C-m00 

~ 1 0 ,:t, IZl 2 c [PJ@g0)~-Cm0-C, [PJIZ] c ,:tT F T7 v-1 £~J::J-:t$tiJ~Af 

M ~ h -C v, o ,'2-& Vitt$tP"J f-:JE:1li~O)-:ffl5iJ~:l:Jl!bb~ ~ h -C v, o ,#-.~f-: 01., ,-c ~fJ: 

o1flw~~Tb0)-C-moo 

10 IZl 1 1 t'i, IZl 1 o {-:~--tJE:1li~O)$i~fBO)w-=f-~7Y-Tffioo~-C-moo 

~ 1 2 f'i, ~ 1 0 0) T - T , 1tJr 00 ~ -C- m o a 

~ 1 3 f'i, ~fflJy!.0)35~fJMJ{;:01.,,-cfJ~.13JlTof~bOO)iUt~!Zl-C-moo 

~ 1 4 i:t, ~ 2 c [PJ@ gO) ~-C- m 0 -C, [PJ IZl c ,:t T FT 7 v -1 £til::~:=t$tiJ~Af 

~ ~ n -c " , o ,'2--& -a 5E :1!E~ 0) $& ~~:fro n~ ffi 1 r~, ~ 0) i::p :1k: zp G j}. n -c ~ ~ ~ n -c 1., , o 

15 ,~~,-:01.,,-c ~fJ:o ~W~7Y-Tb 0)--C:'m oo 

IZl 1 5 ,:t, ~ 1 4 0) T - T , ltlr oo IZl -C- m o o 

IZl 1 6 f'i, ~ 2 C [PJ@gO)!gl--em0-C' [PJ!gl C ,:t-=r'-!lHJO)Af~iJ~~f,i:o 1_)0) 

~7Y-T~-C-moo 

~ 1 1 ,:t, ~ 1 6 0) P - P , 1t1r oo ~ --c- m o 0 

20 ~ 1 8 {'i, ~ 1 6 O)Q-Q, ffioo~-C-moo 

~ 1 9 ,:t, !gj 1 6 0) R - R , ffi 00 ~ -C- m o o 

~ 2 0 t'i, ;$:35~0)~:Af[Af~O)ffl~J't$~fi:f;::t3~t o T FT 7 v,1 £:ti~, -t 

0) 1::,;:AfM ~ nt~~tlM~* c c t ~=~IP]£:fffe:0)1Jlllb'\ G ~f;:.5f.oo~-C-m oo 

~21ti, !Zl2O0)H-H'ffioo~-C-moa 

25 ~22ti,;$:35~0)ffl-=f-8~0)~:Af[ID~-C-mo~M~ft7-*7Y-~-O)-~k 

oft5-~~/PYx7?'~7Y-T~~ITTffioo!gj-C-moa 

[ 1:4 % 0) ~ ~ l 
1 a ···-¥-~{;$:Ji 

1 a ' ···er -z ;t;v{]Ji~ 
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3 3 0 a , 3 3 0 a - , 3 4 0 a , 3 5 0 a , 3 6 0 a ···YE~~ 

3 3 1 a , 3 3 1 a - , 3 4 1 a , 3 5 1 a , 3 6 1 a • • • $j[t:.:g:~ 

3 3 2 a, 3 3 2 a - , 3 4 2 a, 3 5 2 a, 3 6 2 a ···$1~~ 

3Gl, 3Gl - , 3G2···Ut 

5 3 5 2 a B ···:l:!I!66~,7;.:g:~ 

3 5 2 a NB ···1~:l:!I!66~,7;.:g:~ 

4 3 0 ·--~~ 

9 a ···@J*ffifp_i 

1 0 ••• T FT 7 v-1 ~ti 
10 1 6 • • • illiciPJHI 

3 O···TFT 

5 0 ···i~fsftj 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

15 0-Tc' ri.. *18 ~ 0) ~nm O)J8.1™ ,=--)" \ -c ~ ~~ -~ L"J"Jm~-t o O 0- T 0) ~nm 

%1™,::t, ::$:18~ O)ffl'A:7t¥:*mi ~i~fs*ilJ;:j@ffl Lt::: b O)t' cb Q o 

* f', ::$:18 ~ O)~nm:18-1™ ~=:to ~t Q ffi:'A:7t¥:*m!O) uffi*tf~~= :to ~t -5 t11fM~=--) 1,, \ 

-C, ~ 1 iP t::>l~ 4 ~~Jffi L -cm~-t go -=:_-=:_ ';:, ~ 1 f::t, ffi'A:rr;¥:*mi0)@1{~* 

~~~ 1 o a ~t11fMT0? r lJ 7 ;:.q~i::%n.x,~tLt:::tlfx0)@1*~=:to~tQ%fm* 

20 -1-, ~c~~O)~{iffi@J~t'cboo ~ 2 ,:1, T-~!Jffi, YE~~, @*ffl~~il;:18-M~ 

:h,kTFT7v-1£~0)ffin•-tg~~O)@J*·O)~oo~c'cbgo ~L-C, ~3 

,::t, ~ 2 O)A-A - w,-oo~c'&:>ga f,t:t3, ~ 3 ,:::tov\tfi, %Ai· %$:,j:;t~~oo 

J:. --e~ilfPJllli f,t ffllt 0) * ~ ~ t -t Qt::: 66, ~t % Ji • 13-tfBift 2::' t ,::ff@R ~ ,,Jct G L 

66-C m Qo * t:::, ~ 4 ,::t, ~ 2 {.:~-tYE~ffl0),7;.~~ ~ /±l L -c ~O)J8.tk~~-t~ 

25 oo~c'&)Qo 

~ 1 ~;::t31,, \t, ::$:~nm:18-1™,:::to ~t 0 ffi'A:rr;'$:~m!O)@J{~*~fij[~~t11fn.x,-t 0-;;, 

r !J 7 ,7,. :l:kk:=:18-n.x, ~ tL t::: tl~O)@J* f:= ~:t, -l-tL··'Eh, @*ffl:t~ 9 a t ?4Ht@*ffl 

t~ 9 a ~ ,7,. -1 ::; r ✓ 7~ ffiiHft:11 -t g t::: 66 0) T F T 3 0 t iJ; % n.x, ~ :h, -C :to 'J , @1 {~ 1i % 

tJq;!t%ir ~ :h, ,5 ·7'~ !I~ 6 a iJ~ ~ it T F T 3 0 0) 1/ ~ ,7,. f;: ffi:'At¥l ,::-~ ~ :h, t v \ 
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0o f'-'.)"m,'}l6 a ,=il~~tflffii~{~%S 1, S 2, ···, Sn ri, ;:.O))llfH=~JIW[l9( 

,c,m[f-f;L-Cb1'J:bftv"L, ~13~~T0fl~0)7·-7'~6 a l'PJ±,.:.~tL-C, '.~l;v-

7°tHc~*fiT 0 J:: 5 ,c Lt b J:: 1t 'o 

¾t::., T FT 3 0 0) J/- 1' icjEft~ 3 3 0 a iJtffi:~1¥:J ,c~m 6 ;tL -C :}3 ~ , mJE 

5 0) 7' ,{ ~ '/ ~--C, AEft~ 3 3 0 a ,c/~Jv A ITT ,cjEftf"§%G 1 , G 2, •· ·, Gm 

:a:-, ;:.O))IW[fc~JIW[l9(-Cf::P1JDT0J:: 5fc;j:Jpjt~;h,-Cv'00 lffii*ffi:~9 a f:t, TFT 

3 0 0) F v,{ '/,cffl:A.ITTfC~®t 6 ;h,-C:!S I'.'>, _:::z_ ,{ :,1 T '/ 7··*-=t--C &> 0 T FT 3 0 

:a:- -7EWrnsi9 f;:' ~t -t 0) _:::z_ -1' o/ cJ- :a:- M C 0 =. c ,c J:: ~ , 7' - 7' ff)''R 6 a iP G ~ff.ii' 6 tL 0 

lffiif~di% s 1, s 2, ···, s n :a:-FJrJE0)7'--f ~ '/:7,·c·--ffl:~i6tfo 

10 lOO*ffltPi9 a :a:-:ff-L-Cffl:A.ft'¥~J(O)-fyiJc L-C0)7~~,cil~i6~;h,f;:.BfJEv 

-"/vO)@if&f"§ % s 1 , s 2 , • • ·, s n f'i, %i°IP11HR ic%pjt 6 n tc%tlPJ ffltPi c 0) r~i 

-C-JE~r~9{,!f:~6t16o rfitid:t, f::PJJ06h0ffl:J± V-"Jv(CJ:: I'.'> :½--=f~ir-0)~2,[P]~ 

~J=fiJt~ftT 0 =. c ,c J:: I'.'>, 3/c:a:-~~ L, ~~*~:a:-PJtfg c T 00 / --? 1J -* 
TJ -1 r- .::i:-- F-C&>hti', ~lffii*O)!f!{ll-Cf::PJJD ~ :ht::. ffl}±,cr,t C-C 7':t-tft,c:ttT 0 

15 ~J®$iJt~p L, / --? !J -7°'7 :,1 7-=c- p·--z:·&>:hti:, ~lffii*O)!f!{ll-Cf::Ptl□ 6 :h 

tc ffl:J±,cr,t C -c 1'Mft,cM-t 0~:I®$iJtf:tJJo 6 n, ~t$: c L tffl~ft'¥:*fii1J-. G 

f:tl00f&f§%,cr,t ctc:=r '/ 1' '7 _:::z_ 1' :a:-b0ftnt!±\MT00 

::. =. -c*~ ~ nk ®{&1§%:b~ !J -7 T 0 0) :a:-IW <·· tc ~ ,c, ufil*fflto:i 9 a c %i°IP1 

ffl;fii:i c 0) r~i t-=.%pjt 6 ;h,0~~:&:iit c SIE)7IJ ,-=.~fi:&:A 7 o :a:-1ttm-t 00 

20 fJ r-Cf:t, J:::~7-'.)" ~ 6 a , :xEft~ 3 3 0 a , T FT 3 0 ~';: J:: 0, J:::~O) 

J:: 5 t1§1!1%itlftnt~~~n0ffl:~ft'¥:*fii0), J:: I'.'> ~f*s":ltttJm,-=.---:)v't, ~ 2 

& a~ 3 :a:-$ Jffl L t ~ 13}} T 0 o 

~-f, *~1if[%~,;:~gffl:~ft'¥*fiif:t, ~ 2 O)A-A ~ Wi-Em~fc0~ 3 ,;:~ 

T J:: 5 ,::, T F T7 v,{ £:tEi l O c, ;:.tt,/c;tt1P1~2.tii6:h0~1'lJ=lft%t1P1£fJx 2 0 

25 c :a:--Om ;t -C It' 0 o T FT 7 v-1 £fjx 1 0 ~:t, fj1J ;t f:f, :fi*£f]x, ff 7 A £f&, :/ 

!J :=I '/£f)x7J'> G f,t ~ , %t1PJ£f}x 2 0 fj:, f~J ;z:_ f:f jJ 7 A £f,/l(~:fi*£fjxfp f:dt 0 0 

~ 3 ,;:~T J:: 5 ,:: , T FT 7 v-1' £t& 1 O ,:: t:t, Ufil*ffl:tPi 9 a il~filnt G ;h, -C :IS 

I'.'> ... -t 0) J::{WHU:t, 7 e·· '/ :7··911J!l!~O)pJT'.tE0)~2.IP1911:13lil~:iim 6 ntdi2.IP1ffl 1 6 il~~ 

~t G:h-Cv'0 0 @I*ffl~ 9 a f:t, ,W1J;tt:f ITO (Indium Tin Oxide) ~~O)~l'l)=j 
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~ffl:·tifflir> G t1: 6 o 

{i:!11:f' M IP] JHJi 2 0 fC fi' -t 0) ~ (ID f;:::. tlt 0 t :tt IP] ffl:t.i 2 1 ll~ filt tt G ;(1 t .:13 ~ ' 

-t 0) T 1JllHc f:t, 7 t:'' :1/ :7'~~~0) ffl7£ 0) @2. rPJ ~~ib~nfl! ~ n f;:_ ~2.rtJ!Jl 2 2 ;aj~ ,t G 

htv\60 ~trPJffl:t.i2 1 fi, f:ftJ;z_f:f I TOHJ~O):@l=!i=!~ffl:·tifflir>Gfi:6 0 
5 &,:~;:::., ~ 2 ,c::tov \ t, -~:J't$*ii:O) T FT 7 v--{ JHJi 1 0 J:::~;:::. ti, y' r- !J !7 

.7-~,ctj[l$(0)jjffi*ffl:t.i 9 a (,g·tf~ 9 a - ~;:::.J: I:'.) ~~;aj~~htlt\6) njfilt,t G 

h t.:13 ~ , jjffi*ffl:t.i 9 a O)~~O)ijtJiq;:::.*k i~0 t 7 Jv ~ ~? A!Jl0)7-7' • 6 

a&O~!J:,,,'!J :::r::,..,fffO)JE~-3 3 o an;~JUtGhtv\-?So 

~~-330a~ .. ~!):,,,'!}:::t:1/.0)¥~~~la0)5~~~~1::ffi~0)~-

10 'rJi~---C ~ L f;:_ "f- "Y ;;t ;v~i!.ix 1 a - ~;:::. :tt rPJ T 6 J: :de ~2. ii:~ ht .:13 l'J , JE1[iMl 3 3 

Oa~if-l--ffl:~cL-tM~T6oT~b~. ~~-330ac7"-7'.6ac 

0) 5<:~T 6 ~m~c f:t-t h-t''n, "T--\' ;;t;v~-J]JZ 1 a - ~c ~1etiMl 3 3 O a 0)$j r.ttfB 3 

3 1 a ( {& j£) nj if- 1' ffl:t.i c Lt :tt IPJ ~c ti: ~ h, f;:_ 00 * .7- --{ o/ "f- :1/ f ffl 0) T F T 

3 Oti~!-5t~tGhtlt\6o ~i§Tt1f:f, *~Ml!1fff!]Hc.:13tt6TFT 3 0, ,tO)~---C 

15 t "f---\' ;;t Jv<pJi:IEx 1 a , f:t, y' r- !J -7 .7-~ ~C~l$(~e,71j ~hf;:_ @j*ffi:t.i 9 a ~;:::. .:131,, \ 

t' -t 0) 5<: ,gm~ N fC % Jj)G ~ ht It \ 6 0 =- =- -c' 5<: ,g 'rJi:IEx C f:t' -¥ ffij ITT ,c Ji t AA 
~~1[-~~N---Cffi-~T600*ffl:~9a00~~0tfilO-?S*~~O)ffilOO~ 

(~2~---C~XJ:,rtJ) cM~T-7'.6a~*N-Cffi-~T6@J*ffl:~9a00~ 

~0tfil06*~~0)ffi 2 rFI,~ (~ 2 't1---Cf:tY1:frPJ) C 7J~?x:b6'JlJi:1Ex---C&:>6o J: 

20 ~ Jt.-tts:s"J,c~ 2 fci~0 t § xJ:f, 1:Jtlx_f:f, ic-1Jc~ ~ h6@1*ffl:t.i 9 a O)~T~ 

$, ~J:::ic~~h6lffii*fflt.i9 a O)icT~tfB, icri.=~~h6@1*fflt.i9 a O)~ 

.l:~ $, & o, :;t"T~c~ ~ h-?5 lffii*ffl:TP~ 9 a O)ic..r.~$, 0)-th-=fntr> G~ 'L~t 

h tdftii: n~, -t ;n,{c it~ T 6 =_ c c f,t 6 o =_ 0) J: 5 f,t{ftti: ,c T F T 3 O n~%fflG ~ 

ht It\ 6 =_ c ,c J: l'J , !$ T FT 3 0 0)7--y ;;t lkrJi:IEx 1 a , ,cM Lt f:t, ill[~s"] f,t 

25 7tAMnj1:. C ti~f;:_ v \~i5ln~mte ~ht It\ 6 := c fc f,t -?So 

T FT 3 0 f:t, ~ 3 ,c~---t J: 5 {;:::., L DD ( Lightly Doped Drain ) tlm~ff 

Lt:B I:'.), -tO)t.f!ffflG~*c Ltf:t, .l:j£ Lf;:_J:? ,cij- r-ffl:i11~C Lt81flg---t-?S~ 

~- 3 3 o a n:. G O)ffl:J1qc J: ~ "f---\' ;;t1vn~% fflG ~ h 6 ¥~ -tts:Ji 1 a 0) "f---\' ;;t1vm 

~la', ~1etiMl330ac¥~~~1ac~~-T6if-l--~Rlll~~~~-
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Dl 2, ~~{;.$:Ji 1 a ,.:::iMt 0 f~t.ill!i. Y - 7-. iJJ!~ 1 b & Vf.lfr.ill!i. F v ,{ ✓-~ I c 

~ V ~= ~rJlll!i. Y - 7-. -~ I d & V rmrJlll!i. F v ,{ :::.,,,~Ji:l!!x 1 e ~fJm ;ic_ -C It\ 0 o 

f,t;td, T F T 3 0 f:i, !if* L, < f:i~ 3 i.:: jj,; L, tc J:: 5 ~;: L D Dt-flfjg~ b ---:J ii~, f,lf 

l.ill!i. ::1- A ffi:i!!x 1 b & v1.lf•l!i. r v ,{ ✓'pJ~ 1 c ,=7F*t~O)n 0~h-~t-=r vtct" \ 

5 :t-7to/ r-1-f1fJ§°~b0-C J::v\l,, ~~~3 3 0 a O)-tfBiP6f,t,'5,3/- r-fltt.i~--Y 

A 1,7 c: L, -c ~ 1• l!i. c· 7F ~t~ ~ n 0 i6 h-, § c ~-ft t¥J ,= rm• l!i. Y - A•~ & v rm ¥Al 
l!i. p· v ,{ :::.,,,ffi:f!!x~%JJx:T 0 t 1v7 7 7,{ :::.,,,~O) T F T-C cb 0 -Cb J:: It \o * t:=, ::$= 

~~m~~d,@*7',{o/T✓ ~fflTFT3O0)1/-},fflffi~, rm.l!i.Y-7-.ffi 

:l!!x 1 d &V~t.ill!i. F v,{ :::.,,,-pJi~ 1 e r1c1i~-=. 1 fiO)Jf-jl!j2.fi: L,f:= S,,':::.,,,l,7'';v,3/- r-t-f1f~c: 

10 Lt:= ii~, =. h 6 0) rf';i ~= 2 fi VJ:: 0) 1/- }, ffl;fii_i ~ ~2. ii: L -C, =r' ::i. 7 /V 1/- l-- , cl0 0 

It, f:i l-- !J 7°1vif- }, J;J.J:: ~ T FT ~t-f1fJJx: L -Cb~ It 'o ~ 6 ~=, T FT 3 0 ~tiJJx: 

T0-¥~f;.$:Ji 1 a f:in{ !J :/ 1J ::::z :::.,,,~,=~.&61'\ TtJv7 7 7-. :/ !J ::::z :::.,,,~~~g&i 

1/ !1 ::::z :::.,,,fll~'bt-flf:bfchv\o ~;m&!S,,' 1J ::::z :::.,,,flf0)%JJx:{.::f:i, ~S IJ-ft:b-tt:i~~0)-0~ 

0) nr~ ~ ffl 1t \ 0 =. c: il~ -c ~ 0 o -¥~{;.$:Ji 1 a ~ ~;m~ 1/ !1 ::::z 1/Dl c: -t 0 =. c: ~, 

15 tj?HC~ill@]~O)~'fifi~{t:~~ 0 ,:_ c: il~-C~ 00 

::. -:. c'::$:~~%~ (;:jot, \-C d!l?f'~,:, -:. 0) T FT 3 0 0),3/- l-- ffl:t.i c: L, -C~~T 

6 J::ic5E~~ 3 3 o a f:i, ~ 2 ,cjj,;-t J:: 5 ,.:: , 3 !r< 1/- l-- fflffi c: L, -c~~-t 0 tm 

SJ, T f ~ :b 0 T F T 3 0 0) T--\' -:Z- 1vffi~ I a - f.:: 1t (PJ L -C 1¥1:ET 0 $ 5:)-iJ~, {ill 0) 

tfBSJ,.::lt~-C$ilk,.::%,5,x:~t1,t1t,00 -tt~:b0, ~ 2 i-=.:tdv,-c, 5E~~ 3 3 o a 

20 f:i, ~ 2 tpY:n(PJ,;:fil:f:ET0'r-\'-:Z-lvffi:l!!x 1 a, {.:::tt~TQ J:: 5 ~-=-- ~ 2 r::py::;ry 

(PJ [Cfil:f:ET 0 $jf1;:$ 3 3 1 a c:, ~~T ,'5 fi*ffl;fii_i 9 a F1c1i ~~ 5 J:: 5 ,-=.fil:f:ET 0 

$IJJttfB 3 3 2 a c: ~:;ff L -c v, 00 ~ 4 ,-=.:tov \ -c ~:i, -f=- 0)%~il~l=Yi~ c: f,t 6 J:: 5 

,.::, 5E:~~3 3 0 a 0)%~/'~?7-:::.,,,0)Jf-~~jj,;L-Cv\00 

0 t<hh-~=.. =. O)~~~ 3 3 o a 0)$ilk$ 3 3 1 a ~:t, *~~mffB,c:tov \-c, ~g 

25 ~$ 3 3 2 a ;a:.Gfilfilt~h-C%JJx:~h-Cv\00 -tfct:b0, $1Jt::fm 3 3 1 a &V$1 

~tfB3 3 2 a f:i, 1t\:bfi-f;.$:1¥J,-=.%JJx:~h-Cv\00)-Cclt;00 ,:.O)J:: 5 t~%~f:i, 

1:71J.:z_fi, 3l?<$iJ1::tfB3 3 1a&V$i~:tfB33 2 a~-=:.J::1:J%1tGh0-f;.$:!¥Jf~%~ 

C~ 4 w:Jffi) ~:;ff-t 0/'~?7-:::.,,,~%,5,x:-t 0 =. c: ~Mt~ c: L, t::., -0~0) 7 ~ t- lJ Y 

1_7-· 7 7 --1 & V x o/ T 1/ 1_7-- ,.: J:: 0 -c, ~ £ ,.: % JJx: -t 0 =. c: il~ ""i:iJ fi~-C cl0 0 a tc t::. L,, 
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:;$:36 flJ'Hi, :=. 0) J::. 5 f.t%mHc ~.&:IE~ .no '6 0) 'c' t'i f.t < , {JIJ ;t ri, $i~ff~ 3 3 2 a 

,ctt L, -C, JjlJiasffi~ L,f.:jjlJO)¥Jt·tiffMt~*if1tT o :=.tr:. J::. l:J, $111:$ 3 3 1 a 

~%nx:--t o J::. 5 f.t%1m 'c' ib 0 -C 1b, -t O)iJ1[ffl r,H:::.1tv0 o '6 0) -C ib o o 

~-c-1,, ~1,c~L,f.:_, ~fft$:li70iJ~, ~3,c~--tJ::.5{:::., TFT300) 

5 ~jJlgf F v-1 ::,,,ffi~ 1 e & Vufil$fflli 9 a ,:::.*ifi ~hf.:_ ufil$ffl:{_1L{j!JJ$:liffl:t~ c L, 

-c Cl) cp *ili 7 1 c , ufil YEffl:{_IL fJllJ$ :liffl:t~ c L, -c Cl)$ :!IUJR 3 o o 0)-$ t iJ~, ~­

~~ 7 5 ~:fr L, -c~t~~c.fi: ~.ho:=. tic J::. ~ %ft\t ~ h -c v \ o o :=. Cl)~fft$:li 7 o 

i:::. J::. hfi, TIID$ffl:~ 9 a ,:::..:tHt o ffl:{_IL*N~'fi ~~~{:::. ~ <t> o :=. t iJ~AJ~ c f.t 

oo 

1 o cp ;f,filHi 7 1 ,:t, ¥rJ ;t tf ¥Jg 'ti Cl) ~ lJ :,,r lJ :::z 1/ Bf tr, G f .t ~ 001 $ ffl: {_IL {t!JJ $ :Ii tt~ c 

L, tffi~--t oo f.:_f;:. L,, cp*lli 7 1 f'i, f&f.:.if~--t 0$:ibit 3 o o c fAJ:lfH.:., ~ 

Mxf'i-a--~~-ats¥-Ji~JZ.f'i~JiBftr, Gi'~nx: L, -C '6 J::. v'o r{l«,f}i 7 1 f'i, 001$ 

t{_IL {jl.lJ.?6 iitt~ c l, -C O)ffli~ Cl) f ;I ZP, :::z 1/ l;1 7 1-- ;::t, - JV 8 3 ,& V 8 5 ~ :fr L, -C, 

Tifil*ffl:~9acTFT300)~~gfPv,11/~-lec~cpm*mToffi~~'6 

15 /Jo 

:=. 0) J::. 5 f.:. cp *lli 7 1 ~flj ffi--t.h rf, Ji rFii !Ee!iJttoqfrJ ;t f:f 2 O O O n mf.¥~ c * 
<-c'6, ~*oo~-/)O):::Z1/l;/,;1J--;::t,-N-c*m--tottffi~m•tt~@•l,/J 

/J, .lt~B"J1J,f~Cl)= /J£]_J:0)~'.)7IJf.t :::z 1/ l;1 7 r- ;::t,-;v-efjlij*FFl9 ~ _&ff ,.:.*m--t Q 

:=. t iJ~ -C ~ , @$ 00 1=1 $ ~ ~ 'tJ> o :=. t iJ~ Rf fiis c f .t o o * f.:_, ::r 1/ l;1 7 r- ;::t, - ;v 00 

20 ILH~ f C :IS ~t o .:c o/ T 1/ '.~l 0) ~ ~ t& tt ~ 11:: f;:. '611,t ft/Jo 

?6:lta 3 0 0 f'i, {1rj ;t ,:r~•x f'i-@--~ ~'6D'~-~t.P G f.t ~ ufil1Effl:{_1L1Jl)J$:liffl: 

.tii.i C l, -cm,m--t Q O :=. 0)$:;li. 3 0 0 f'i, ~ffi]B"J ,.:.~ Q C' ~ 2 ,.::~--t J::. 5 f.::' 
JEft.. 3 3 o a 0)%,5>t~~f.::mn.t%nx:~.h-Cv'oo J::. l:J Jl-f-ts:1¥;H.::f'i$:lta 3 O 

Of'i, JEft.a3 3 o a {:::.i'{}0-CMV0:;$:a$c, ~er, -r·-1;1·5 a c~~To 

25 oe-{~p]riP G 7'-l;J ~ 6 a fCi'{} 0 -CY jf ~ f;:.:jS {to J:jy ,:::.~k ~l:fj l, f.:_ ~I±\$ c, 
:::z 1/1;17 t-;::t,-1v 8 5 f.::J:tr,troMmiJ~1~n\,:::.t3,nf.:_}3tLff~ t ~-Om ;t -Cv'oo :=. 
0)5~~1±\$~,JEft..330aJ:O)ffi.&V~-'.'.)'-6aTO)ffi•~~ffil, 

-c, ~fft$:li 7 o 0)%JJx:ffi~Cl)~::kf.:.JtmkT oo 

*~,?6:li.300~,~;t~, Ti, Cr,W, Ta,Mo~O)~-~~-
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~5~~&~<t"6-~~~tr, ~~~~,~~,~~1/V-lJ-~F, ~91/V-lJ­

~ F, ::. tL G ~ffUi Lt~ b ~~7'.P G ft VJ , ~fff~ii 7 O ~fi!il JEm{ftfJll1~iimtii~ t 

L -C ~it!Hi~~ f:f?'.P, T FT 3 O ~ J::fJllH;:.:}31,,,-c A:111::/ti.P GT FT 3 0 ~~::ltT 0 

~::lt-tL-c~a~~b~o k~L,~iil:-3OO~,~~~~-tt~~V1/V 

5 :::.r ✓~~i.P G ft 0 :m 1 Hl t ~PM,~~~ ~~tr~~ 1/ !J -lj-~ F~~?'.P G ft 0 :m 2 ~ 

t 7'.l~fff- ~ tLt~~-ffim~ b 0 -c "6 ~ 1t 'o 

~t~, ~iil:-3 0 Ot:t, ~t~ L,< f:t, @*mtii~9 a ;6~~2,~~tLt~Wi~*~~~ 

tP G -f:~~oo,=m~ 6tL, JEmffti~ t •'Al¥J~=mm 6 :n-c, fi!i!YE•fft t 6 tt00 

=-~~ 5 tt'.ttmffttmt~ L-c,:t, 1i:ilt-t-0-:r·-;1*i1®1Rt1J@~~;:#t*i~n0:iEm1~~ 

10 ~-l)]t~'.ttm{fti~-c'b~v'L, M~lH&2 o~xt~-f~2 1 f;:#t*~6tL01Em{ft 

-c' "6 ffibft 1t 'o 

~-{$:~ 7 5 ,:t, ~ 3 ~;:~--t ~ 5 ,;:_, i,J ~f:fHJJ¥ 5 ,..._, 2 0 0 n mf~~~!:t~l¥J 

~v 'HT O ( High Temperature Oxide) ~' LT O ( Low Temperature Oxide ) 

Hl~~~{t;1/V :::.r:1/~, ~01t,~:t~{t;1/V :::.r:1/Hl~1J.,.GtiM~tL00 ~fff$iil:7 

15 o ~ ±~ * ~ it 0 IL~ 7J" G f:t, Hl~fitJ t1: 7'.l~ +½' ,= 1~ 6 tL 0 mi VJ ~;:_ .:ki 1t, -c, ~-{$: 

Hl7 5f:t~1t,f:It'-~v'o 

~ 2 JJdY~ 3 ~;:.:}31,,,-cf:t, J::~c~f:f?'.P, T FT 3 0 ~-ffwH=, TfJllj~::/t~ 1 1 

a 7'.l~~~t GtL-Cv\00 TfJllJ~::lt~ 1 1 a ,:t, ~--rtk:~=/~?7~.::::.:1/7"6:h-C.:ki VJ, 

::. ttf;: ~ VJ ~@*~ 00 r=i 1JJ~ ~m.'.tt L -C It\ 0 a ft .:t3, 00 l=I iJ~~m,JEf:t, ~ 2 93 

20 Y::n~H;:~rf0-r-~?1- 6 at~ 2 93X:1JrRJi;:filrf0$iil:. 3 0 0 t 7'.l~tl3?~~ L 

-c ID M 6 :h, 0 ::. t ,;:_ ~ 0 -C b , ft 6 tL -C It\ 0 a ¼ t~, T {PJJ~ ::It~ 1 1 a ~;:_ ~ v \ -C 

b, M:ilt~~-- 3 o o ~:m~ t [PJ#JH;:, -f:~m{ft~t/J7'.l~ T FT 3 O ~;:ML -C~ 

~~~ ;&J:f--t::. ~ ~~~t 0 t~ 0J {;:, @f~ffe:~~i!ixiJ" 6-f:~mJ @IH=fil~ L -C'.tt.{ft 

tmt,;:mm---r 0 t ~ 1t \0 

25 ¼ tc.., T F T 3 o T ,;:_ t:t, T :blM&t~Hl 1 2 7'.l~ !J' ,t 6 t1 -C It \ 0 o T ttH*-&~Hl 1 2 

t:t, TfJll1~::ltHl 1 1 a iP GT FT 3 0 ~ •rtait~*~T 08~~ ~:i7J", T FT 7 v~ 
lHEt 1 o ~~ffin;:IDM ~ t10::. t ~;: ~ VJ, T FT 7 v ~ £t& 1 o ~*uniiJflff~~;: 

.:}3 ~t 0 Jlt:h,~, 1'5t:Wi& ,;:J_i 0 /ry:h,~-c'@* 7- ~ o/ f :1/ 7''}:j:j ~ T FT 3 0 ~~,tt~ 

ft;~~ll:T 08fil3~:;g--t 00 

22 

Page 354 of 395



JJO ;t ---C, jE]t~ 3 3 0 a J::,;: ti, ;wjtl¾L1CJ- A ffi~ 1 d -"--@ t:, -5 :::z:,,, 5' ::7 1-- * 

- Jv 8 l l?CCJrWiJil~ F v ,1 ✓'JJJ:i:l!!;Z 1 e -"--@ t, -5 :::z:,,, 5' ::7 }- *-Jv 8 3 i,;~ h-t'h 

oo =FL ~ n tc_ m 1 Ji r1cc1i ia~~nJ 4 1 iJ~ m M ~ n ---c " , 0 0 

m 1 Ji r1cc1iiaani 4 11::,::ri, cp*~li 1 1 , Ez -a?£¥t~ 3 o o tJ~mlft ~ n ---c:to 
5 YJ , =. ;h, G 0) J:: {;: fj: rW1J ill~ Y - 7- 'PJ:i :l}!jZ 1 d ~ im G -5 :::z :,,, ?7 ::7 }- * - J v 8 1 lJz {J tp 

mli71-"--@C,5:::z:,,,5'::7}-*-NS5ffi~h~h~R~hkffi2JiOO~a•4 

2 tJ~mM~h---Cv'oo 

tot :to, Jfqt;jlffm~ -c: r.:t, m 1 Ji r1cc19*a•• 4 1 (;: 5tf- l, ---c ,:1:, *~ 1 o o o 0c 0) tJtM 

~ff 5 =. c ,;: J: ~ , ~~f:$:Ji 1 a~~~** 3 3 o a ~1'-fifMT ,5 ;f-' !J 1/ !J :::z ✓-,= 

10 a.Al, fc_,1 2J-:,,, O)mtHt :a:-~--::i ---c "b J: v 'o ftl!:;;, m 2 Ji rf'li~ani 4 2 ,c5tf- l, ---c 
f:t, =. 0) J: 5 f ,t ~55M :a- 11° ;r:dt v' =. c kC J: YJ , ?g ii~ 3 O O 0) fff. aiHtifr k;: 1:. G -5 A 

}- VA 0)~5¥1] :a-~ 0 J: '5 ,.:. l, ---c b J: V \0 

ffi 2 Ji Ff'l9 ~l~ffl 4 2 J:: ,u:1:, T - 5' ~ 6 a ti~ m M ~ h ---c .:f3 YJ , =. tL G 0) J:: ,;: f:t 

cp*lli 7 1 ~im t:, 0 :::z:,,, 5' ::7 r- *-Jv s 5 ti)mM ~ tL tcffi 3 Ji rf'l9*e*~• 4 3 ti~m 

15 M~h---Cv'oo 

ffi 3 Ji rf'l9*ealffl; 4 3 O)*aiH:t, CM P ( Chemical Mechanical Polishing ) 12! 

~~ ,.=. J: ~ lfl:l:JHt ~ n ---c .:f3 ~ , ~ 0) r:n ,.:.r¥tE-t 0 c:a-ffli!lic~~1k=r~ ,c J: 0 ~~ 

,c~lz;l-t -5 tfi~Ji 5 o O)i!licfAJ~ ~ :a:-f~g--t -5 0 

tc tc L,, =. 0) J: 5 ';:ffi 3 Ji rf'li*-eaffl 4 3 ,-=.lfl:1:ii ft~~ ~1if!!--t0),:: f-t ;t ---c, JG:t 

20 ;JO ;t ---C, T F T 7 v /f' £ti 1 0 , r :t-!Mef~Jffl; 1 2 , ffi 1 Ji rf'I, *eani 4 1 lk. Vffi 2 

Ji F1cc19 *ea Ht 4 2 0) 5 i::i :P tot < c b ----:) ,;: i'. :a- ffii 0 ---C , T- - 5' ~ 6 a ~ 0) i!lic~~ T 

FT 3 0 ~:a:,:l;JIUil)i6t!'=. c ,:: J: ~, lfl:1:ii{t~~~lr--::i ---Ct J: v'o 

12L J::~ij!:] L, tc J: 5 titlfM c ti -5 *~1iflimflJ O)m~:J't¥~fii ,c J: nrf, J::~ L, tc 

J: 5 ,;:, jE]t~ 3 3 o a ti), ~iJt:$ 3 3 1 a 7Jz V$"M~if~ 3 3 2 a ~ifT -5 c ct 

25 ,::, Mfc$1Jt:$ 3 3 1 a iJ)T FT 3 O 0)7--y,Z.JV'p~:l!!x 1 a - f;:5tf-[A)To J: 5 ,c~ 

tt GtL-5 =. c iP G, T FT 3 0 c jE]t~ 3 3 0 a c O)i!licii:1J~O)Wffl~ • tk:JE~$ 

$H::ti L, 5 00 

{Y1J ;t f'f, "5~J;: ~ ijl=] :a- JJO ;t tc ~ 2 ,:: :t3 ~t -5, T F T 3 0 lJz V jE]t~ 3 3 0 a 0) i!lic 

ii:~flf-1:t, T F T 3 0 0) 'T --y ,Z.Jv'P~:l!!x 1 a - ,::tt--t -5 J'tA!tt ~:t:;:b*ITT ,c~ll:.--t -5 
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t v' 5 ~iw1cr,Gx. 5 6~t~fti!!ic.ti:M~CT)-f~J~7GT'b CT)-C&> 6 ti< -{-CT){t!Hc 1bfYtl 

x. tC ~ 5 & V~ 6 ~,c~--t J: 5 fti!!ic.ti:Mflf ~ *~--t 0 =- t trt -c 2" 0 0 =- =. ,c, 

IBl 5 ti, ~ 2 t fp]@ \§' CT) IBl ---C &> 6 ti:\, ~=lH$ IBl t f 'i T F T 2R V 5E~i#R CT) ~c. u1 M~ ii:\ 

~ft61m~t ft6 "t)CT), IB] 6 f'i, ~ 4,:: fp]~/C, IB] 5 ~C7GT5E~i#RCT)%~/~?"-

5 1/CT)Jj-~7GT~-C&> 00 

IB]5]RVIB]6J3v,tLt, 5E~i#R3 3 0 a - , J:IJIE:fit1Cf'i, -{-CT)ijij~$3 3 2 

a-~, 5E~i#R330a-t~~---cffi•~--t0@*m~9aOO~a0t~V0~ 

-=¥-:Ix CT) :m 1 r.m~ CT) i:p * J: 1J "b f .n tdft oo: ,c % JJx ~ .n -c v \ 0 0 -t L -c , iJii 1.t ms 3 3 

1 a - f'i, IBl 5 JZ.f'iIB! 6 't1 Y 1fri§Hc.to~t 0 J:Jf i= CT)Jj-~t±\ L f;:.% t L t%M ~.h 

10 tv'00 ft::J:3, 'r-\7:f.JV'p~:l}ixl a - CT)~2.ti:{ftfil!L --tftb½iJill.t$3 3 1 a - CT)~2. 

oo:&ti:f'i, IBl 2 t JJJt G ftv'o 

=.Cl)J: 5 ttffic.-oo=M~c ft0~'Ei', ~f'ffi 1 ~=- $:7GOOftCT)r:f6'1JAJJ:~IB!0 =. c 
ii:\ c· ~ 0 o =. .hf'iJJ, T CT)lHw 1c J: 0 o --t ft b ½, ::$:~:00!%~ {= {,* 0 ffi:~:Yt$~oo': 

-Cf'i, J:::3£ Lf;:.J: 5 fC, ®*ffi:1~ 9 a J:~Ci!!i2.rti:rnJ 1 6 n~~ft G.ht1.t,0nt, =.CT) 

15 ~2.[P]~ 1 6 CT)$:00K,'i-,N'.1:=, ~~2.[P]~ 1 6 T1.:.%JJx ~ .h0 *li:tiM~*CT) r~ 

~ J ,.:.~12;1 L, tc. [1!]87J:\ff1±T 0 ~'Ei'il:\ &> 0o =. =. 1C 1,,, 5 r *flttiM~-J CT) q=i ~= 

,'i, ::$:%ff1Hc{,*65E~~ 3 3 o - a b-a~.h6a IBl 7 f'i, IBl 5 ,-=..tort 0 B - B' 

~1ct{:i0t;:.l!frniIB!~~Lt.tolJ, ~5:E:~~3 3 0 a - CT)ijiiJj:E$3 3 2 a - CT) fim 

~J 1=~12;!Lt;:.8:g:~5 o 17J:\, i!!ic.fPJHll 6J:1c%JJx~.htv'0~-1-tJ:\7G~.htv' 

20 0o 

LIT> Litt!:\ G, =. CT) J: 5 ft8$ 5 0 1 tJ:\1: t, 0 c, i!!i2.fPJ~ 1 6 fc;t-t L t~.nff! ~ 

.h 0 J:::3£ l., tc 7 t:'' 1/ :7'' 9-l!::f!I! 1= A 7 ~ 1:. t, ~ it 0 .}3-{- .h i)t ;b 0 a =. CT) A 7 f'i, * ls 
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:ifJ~T 0 J: 5 ,-:IDJJx:--t 01fJ#R,-: J: hfJ' , $i!.t$ 6 aw <l)70JJx:ffi~ ~ tl'~J.;.. t;:_J.t ~f 
ftt,\--C-?tft\'<l)c', v9ffi:i£itt~ft::k ~-ttftv\JL~iP G~t~ 1_,,1,,\0 

[A J: <l) J: 5 ';:_ ' ffi 3 ~ nm ID~ ';:_ :%3 \., \ t tt ' % ri 0) 1'F ffi 3cj] * i):, if!H* 0 t ' 'r -\"" * 
JviJ~ 1 a - ,;:_x;fT 0 jt]\.tj"<l) PJ1ijgt1:f:tt~6() t~ill ~ht :to ".J , T FT 3 O ,;:_.:t3 

15 ,t0.J'tV -7ffl:t1it561:., -u-1,,,-ci:t~t.J'tV-::7ffl:mc~Jl:flz9c--t0@~J::0)7 !J o/tJ 

~0)551:_f:t~3c"JJt::::;jlj]tlJ ~ h0::. c ,::ti 00 

( ffl: ~*'¥:~ti: 0) £ f:;$:t1/f pjt) 

[AJ::O) J: 5 ,-=.t1/fJJx: ~ ht=-*~nmID~t-=.i* 0 ffl:~J't'¥:~ti:0)£f:;$:t1/fnx:~, IZI 2 o 

&-cJIZI 2 1 ~~Jffl l,t~)?.~T0a f_t:}3, IZI 2 O f:t, T F T7 v~ £;f:Bt~-l-O)J::,-: 

20 %JJx:~ht=.%t1ifJJx:~:1rU:: c {:d-=:.:MJRJ£;.j:Bt 2 o (l){JlJJzr-.GJ.;..t:.:.3¥-oo!Zlc'N:> ".J, IZI 2 1 

f:t!ZI 2 0 <l) H - H - ltfroo!Zlc' NJ Oo 

IZI 2 0 &-cJ!ZI 2 1 ,;:_:J:ot,,,t, *~nm%~,.::.{~0ffl~:Jt'¥:~ti:---Cf:t, T F T7 v 

~ £;.j:Bt 1 0 c '.MIPJ£;f:Bt 2 0 c tl:,;tj-~~2.ti: ~ h --C v' 00 T FT 7 v ~ £;.j:Bt 1 0 c xt 

~£if:Bt 2 o c <l)rf'li ,::::i:t, 7W~Ji 5 0 tl:,!t A~ h --C :to ".J , T FT 7 v~ £tR 1 O c 

25 xt1PJ£if:R2 O cf:t, ufil~~~ffi~l O a O)~[ffl,-=.f:itti:T0V-Jv~~,-:~ftGh 

t:.:. v-Jv;.j:;t 5 2 ,c J: ".J if§ 1iJ-=:. ~fl ~ht It\ 0 0 

V-Jvf;t 5 2 <l)jf-fJ!.IJ<l)~J:]lU-=:.f:t, 7-?"~ 6 a ic@f~f1H}~FJr'.iE<l)?" ~ ~ '/!f 

--C-#!Jii--t 0::. c ,c J: ".J ~¥<7--?" ~ 6 a ~.~~T 0 7-- ?" ~.~~@]~ 1 o 1 & -cJjj­

$@1~~mtr/m-=f 1 0 2 ti~ T FT 7 v ~ £if:R l O 0)-32H:: lG- 0 t~it G tL t :%3 ".J, 
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'A§:]t~ 3 a ,;:.jj§:1t{t%~fflJEO)?" ,{ ~ 1/1i'c1:tUitT 6::. l: ,;:_ ~ ~, 'A§:]t~ 3 a~ 

,ffil!JT 6 'A§:]t~,ffll!J@]Jr% 1 0 4 if~, ::. 0)-jll ,=~~~T 6 =un=tG---=i --c~~t G:h, --C 

f.t :t3, jj§:1t~ 3 a {;:. {Jt{f,g. ~ tL 6 'A§:1t1t %~fil n~ f~~M ,;:_ f.t G f,t 1.r \ 0) f,t G fi, jj§:]IE 

5 ittffll!J@]Jr% 1 0 4 ttJtfjlJJ{;:' ~t C' t ~ lr \::. l: ,:1 § 5 * c' t f,t lr \0 'i tc.' 7'- ?" ~ffl 

lb @I Jr% 1 o 1 ~ 0011~ * JFi~ :1Jix 1 o a 0) 32H-=:. rfi 0 t fifiJ fJUH;:. ~2. JIJ L t t ~ v \ o 

T FT Y v,{ £ti 1 0 O)J~6-J2H;:.,:1, @f~*JF~:!Jix 1 0 a O)fifiJ{WH-=~~t GtL 

t:.:'A§:1t~.ffllb@llr% 1 o 4 F1ai~---:)f,t ('f;:-_cl)O)fifx0)~2.~ 1o57J~~~t GtLtv'oo 

'it:.:, M[A]£ti 2 0 0) :::r-j--tffiO)y f,t < .!::: t-~m~-=:.:r31,, \ --C t:t, T FT Y v ,{ 

10 £tR 1 o .!::: ~t[A]£ti 2 o .!::: O)r1aic-ffi:3Clt¥:H-=~:im ~ .!::: .:s t:.:cl)O)~:iffitt 1 o 6 n~~~t 

G ;h, -ct,\ 6 0 -t L -c' ~ 2 1 (;:.JF-t ~ 5 ,-=., ~ 2 0 ,-=.JF Lt:.: S/-JL,,;f:J 5 2 l: ,~rr 
~ t,,~f~~~0M[A]£ti 2 0 i)~~!~S/-11,,,;f:J 5 2 ,-:.~ ~ T F TY v,{ £ti 1 0 ';:_ 

~~~tLtv\60 

~ 2 1 ';:.:j3t,\-C, T F TY v-1 £:ti 1 0 J:t-=:.f:t, @]*7-,{ ::,,71/~'j'flO)T FT 

15 ~jj§:]IE~, 7--?"~~0)~2.~tJ~%P.X~tLtd&O)@*ffl:tii~ 9 a J::J-=:., ~[A]flJ;ij~%P.X 

~ n --c 1,, , .:s O 1m :n, %t IA] £ :ti 2 o J:J= ,:1 , ;tt IA] m tii~ 2 1 0) , ~ n '.\, 1Jl -1:.iHm _:0- t= i!!i2. 

fA]flJiJ~%P.X ~ tL t v \ 6a 'it:.:, iiz~Ji 5 o {:i, fJtl .:zJ;f-fJDUi~fi:ffi O);t '"? T::; 

-1 '.7 t~ ~ ~ t~ -€i- L tdiz ~ tP G t.t ~ , ::. n G - it 0) ~c. IA]~ r1ai c-, m IE 0) ~c. 1RJ ~ -,m ~ 
.!::: 60 

20 f,t .:t3, T F TY v -1 £ti 1 0 J: ,-:. f:i, ::. ;h, G 0) 7-- ?" ~.l~!Rlb@I Jr% 1 0 1 , 'A§:]t 

~ffllb@llr% 1 o 4 ~t=JJn;t --c, tl~0)7--?"~ 6 a ,=@1~ft%~B'fJE0)?"-1 ~::,,,,, 

;::,··c-1=~:tJOT 6 '"1f- 1/7 !J 1/ ;:'.7''@]Jr%, fl~0)7--?" ~ 6 a ,-=.mJEffi:J± v~JL,,O) 7 !J T 

-y-:Jft%~@f~ft%{-=:.)t;1T L--C~k#t*tT 6 7° lJ 7-y-:)@]Jr%, ~@~tp~tl:l 

~~O)~~ffl:3Cl*:¥:~ii:O)&W,~~~~~1t-t6fc.cl)0)~1t@llr%~~%P.XL--C 

25 lJ ~ V'o 

(ffl:-=f,~~0)~1Jti!%~) 

?jzf;:., £LJ:g¥:*'BH-=:.IDtM Lt:.:ffl:3Cl:Yt:¥:~ii:{f:-5,{ ~/~JVf .!::: Ltfflt,\f;_:ffl:-=f'~~ 

0)-19,Jt:.: 6 ~tt~}J 5 -*JF~ii:0)~1Jm%1i&,-:. 01, \--c, -tO)~{*~P.X, ¥t-,=:Yt:¥: 

a"Jf.t~P.X,-=.0v\--CIDiMT60 ::. ::. ,;:., IBJ 2 2 ,:1, ~tt~}J 5-*JF~ii:O)~i:\:a"J 
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~mi~ -c &) 6 0 

~ 2 2 t-=.:!Sv '-C, J$.:~1ifil:Jf6filH::.:!S tt 6 ~t-f~jJ 7 ~*~~!t'tii:0)-{9iltc 6 t~la 7° 

o.:>x.7!711 0 Of'i, !mlJJ@J!mil~TFT7v--1'£tbil::~::.m:tt~tLtd~la~ii::!r 

--£-tri~la-=E-:} .::z. - Jv/,r 3 ffilffl ~ l,, -t tL-t'tL R GB ffl 0) 7 --{ r- /~JV::1' 1 0 0 R, 
5 1 O O G & V 1 0 O B <:: L -C ffl v 'tc 7° o. :> :r.. 7 ?' <:: L -C tJi: M ~ tL -C v ' 6 o ~ la 7 

o. :>:r.. 7 !J l 1 0 0 -Cf'i, :J. !J Jv/,7--{ F7 Y7°lfff:O) S-§.7t7~0)7 :,,.,,7:1.::::. o/ r-
1 1 o 2 tP G ~ttJ1cn~~-tt G tL 6 ~, 3 txO) -3:_ '7 - 1 1 o 6 & -a 2 ;f3(0) Y--1 7 o. 

o/ 7 -3:. 7 ~ 1 1 0 8 ~= J::--=> -C, R GB 0)-=.m(-§.t::.xtr,t--t 6 7CM:n' R, G & VB,-=. 

7J' ~t G tL, ~-§. {::.xtr,t-t 6 7 --{ 1' /~Jv~i 1 0 0 R, 1 0 0 G & V 1 O O B ~= .:.t tL 

10 -t'tL~ir-tL6o :.=_0)~¥f~-=., Bx;f'i, *v'7tlmt-::.J::67tffl~:a:-l?J5<··tcch{::., AM 
v:/)(1 1 2 2, !J v-v:,,.,,;(1123&Vt±t!ttvYA'l1247'.J~Gf~6 !J v­

v:,..,, ;(* 1 1 2 1 :a:-:fr- l, t~n~tL6 0 -t l, -C, 7--{ r- /~;1,,7•' 1 0 0 R, 1 0 0 G 

& V 1 o o B ,-=. J:: ~ -ttL-ttL~~ ~ tLtc ~ ffll -§.~::.xtr,t--t 6 7tM::St'i, !J''--{ 7 o. o/ 

77°!JA-Al 112,::.J::~:jlfJ3rfi-JJx:~tLtdf, ~t-fv:,..,,A-l 114:a:-frl,t)(.7 

15 !J - ✓ 1 1 2 0 ,-=.n 7-@i~ <:: l, -c~tt ~ tL6o 

:;$:~~JH'i, J:5£ l-tc~1ifil%filH::.~N: GtL6 "b 0)-Z:t'if~ < , iw3itO)imlffl& VPJtr-lB~ 

~ f* 7'.J ~ G m c7J- l& tL 6 ~ l!J=J 0) ~ \§' , ;b 6 v ' f :t,~J'lU::. ,Jx l- f ~ v 'fiti lffl -C JOO 11: ~ !I! AJ ~-C 

;b~, .:.tO)J::5~~!I!:!rW5ffl'A7t~~-,~~~, ffl'A~IJJ~ii:~1v7t-o. 

;v~*o/~ ✓A*~~ii:~, -ttLGffl'A7t~~ii::a:---atr&Vffl~~~b~k,J$.: 

20 ~l!J=JO)~fl'i~"Jimlffl'-=.-a~tL-5 "b0)-C&>6o 
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What is claim is: 

1 . ffi:~76¥*ti:c' &J 0 --c ... 
£tiJ:JC... -tE OXn!PJ ,c}!f(JC5 'A§:11:1@& -cf!J<'A§:11:kt,cx~T 0 HIPJ ,cfil{J o 

5 7'-::7 WI c, wr~c'A§:11:1@&-cJMicT'- ::7 ffJRO)X~ffi~'=Mfit L- --c~~t G:h,f::_~~ 

r- 7 ✓ 1/ A ::7 c ... it~~ r- 7 ✓ 1/ A ::7 ,=Mr,t L---C!~~t G:h,f::_@j*ffi:;fii_j c :a::{im ;t, 

Mfc'A§:1E~,j: ... Mtc~Hl r- 7 ✓ :J A ::7 0)7-z *;vffi:igx,=~t!PJT 0 $½-~c 1/- r-

ffi:;fii_j c L- --c O)rpj/.t$ :a::~-t 0 c c b ,c ftl10)$,½-,;:rpj~*~ :a::~ L- --c" \ 0 = c =a::!r-'f1~ 

cToo 

10 2. !7 v-A 1 O)ffi:~ft¥*fi:c'clb0--C, 

MfcrpiJ.tmHj:, M~Erpi~ffB;ip Gfil~ ~ :h,--Clf:;)Jx; ~ :h, --Cit\ 0 $½-=a::-ati-= t :a::!r-'f 
1~cT00 

3. !7v-A10)ffl~ft¥*ti:c'6b0--C, 

Mfcrpif.t*~fj:, M~Erpi~~ffB ,cn€m ~ :h, --C%J5x: ~ :h, --c" \ 0 $½':a::-£-tr = c :a::!r-'f~ 
15 cToa 

4. !7v-A10)ffl~ft¥*ti:c-clb0--C, 

Mfc'A§:11:f@fj:, Mic'f- -z *Jvffi~O)filffT 0 HIPJ t xb 6 HIPJ ,=MtE L- --C:to 

VJ ... Mfcrpif.tffB fj:, ~ lit'f- -z ;t;vffi~O) filtET 0 n!PJ 0)-:77 :X fj: filiJ:17 ,cMtE L- --c 

v\0 = c :a::!r-'f1~cToo 

20 5. !7 v-A 1 O)ffi:~ft¥*fi:c'6b0--C ... 

Mtc@*ffi:t.ifj:, y t- .!J !7 A:tkO)jls2.~IJ;IJ~t,t ~n--ct,t VJ .. 

Mic '1- -z ;t;vffi:igxfj:, IJZiiia"J fc~ --CITTiicAE1Effi =a::19Uvc-t§ ~~t.i€T 0 OO*ffi:fii.ir~i 

~a0--cfilV0*-¥:tkO)ffilOO~t ... M~~-~~~~~c-ffian€--t0@1*ffi:~ 

r~, :a:: a 0 --cm a o *-¥ :tk 0) m 2 r~i ~ t 7)~ ~ o o x ,~ i~ :1gx rkJ ,= % )Jx; ~ n --c " \ o = t 

25 :a:: !r-'f 1~ t --to o 

6. !7v-A50)ffl:~ft¥*ti:c-6b0--C, 

Mfcrpi~ffBfj:, Mtcffi 1 r~9IDffO)q:r~.t. VJ 'Lfntdftffll,c%J5x:~n, 

Mfcrpif.t*~ fj:, M?cx,~~:tgxrkJ ,;::t31., \ --CM?cffi 1 r~i~ 0) q:r ~,c%J5x: ~ :h, --ctr\ 0 

= t :a:: !r-'f 1~ t T 0 o 

37 

Page 369 of 395



7. 7 v-L 6 O)ffl:~:Jt+*ffl:---c:&1)0--C, 

Mic.$1!.tff~fj:, Mfcj(,~ )J~:l:llx17'1 {=:f3 \.,, -C Mic% 2 r1ai ~ 0) tf=1 :P:,=IDpX ~ :n t 1t \ -5 

::. <'.:'. ~!rlf1~ <'.:'. T 00 

8. 7 v-1,, 1 O)ffl:m:Jt+*ii:---C:&1)0--C' 

5 M~£t&: r= f±, MfcjE:J!tt&,= iG 0 -Ci-1tti\m G t1 -C :f3 VJ , §1J&1,jE:J!tt& f±!P<i-1t:17'1 ,c 

@n€Xf±Ji F1ail~~~~fr- L, t Y ft< <'.:'. b ff~7t131.J,c:l!IU1)~ :l t1 -C 1.,, -5::. <'.:'. ~tj?j={~ <'.:'. 

T00 

9. 7v-L80)g~:;t+~ffl:~&1)0l, 

M~$J~~ffBt:t, Mici$i:17'J,c:f:!1!60~:l:nt1t\0 c <'.:'. b ,cM~c5lllt~,=.rG--::it}JfU: 

10 -5 :!:JI! 60 ~ .7f. ffB ½' <'.:'. , AA gi:, t1t 17'1 , =. :!:JI! 60 ~ :l t1 ft It \ c <'.:'. b , c ITTi le :!:!I! 60 ib .7f. $ c Mz Iv c' 

Mic jE: J!t~, c iG 0 -cm V 0 *PJI! 60 ~ .7f. $ ½' <'.:'. ~ ~ L , 

!P<#:i:!1!60~df-ff~½'O)fF1=£'C J: ~ l, Mic@*ffi:t~O) T±t!!f±, §IJ~jE:J!t~,crG--::i 

-C ~ VJ J::il~ 0 -Cit\ -5::. <'.:'. ~%~ <'.:'. T 00 

1 0. 7 v-L 1 O)fflm:Jt+~ii:~&1)0-C, 

15 M~®*fflt~lHCn€®C 6 :n -C :f3 VJ ~fif~A~t-MT -5 UID*ffl{llfJllJWAfflt~ <'.:'., 

it®* ffl 1ft fj!Jj w :a mtn~, c ~ ffl P-ts: 8l ~ fr- L- -c M rPJ ~c ii: ~ n --c :f3 VJ M~E 15 fl w :a~ 

t•M---t0u!ritffflfftfJl!JWm:ffltilri~-atrwii~<'.:'. ~J!~c-Om;;t tit VJ, 

MicWii~f±, .Mic5lllt~k=iG--::i tNV0*mltlrffi <'.:'. Mic-r·-,1;7~1HCiG0 --cm-a 

-5$5J- c ~::ff L,, 

20 Mic$m~,c:f3tt -5 Mic-r·-,17 ~,=rG--::i -cma0ffB:B'O)$Jtt, ~!t-r--'7 ~O) 

$i <'.:'. lnJ- Y.. f± J: VJ J1: < % pX ~ ;h, -C 1t, -5 :_ c ~ %1~ <'.:'. T -5 o 

1 1. 7 v-L 1 O O)ffi:m:Jt+*ii:~&1)0-C, 

Mic-r·- /7 t&f:t, M~E7':Hl r- "7:,,,,, 1/ 7- ?7 ,c~ft -5 tf~½'iJ~ m5ml¥J ,=.$if1: ,cIDpX 6 

;h,-C:!3VJ, 

25 M~$ii:~,c:}3 ~t Q Mic-r·-,17 ~,=- rG 0 l fil{f Q ffB5JO)$j f±, 

M~-r- ?' t&,=.:!3 tt -5 $1!.t f=.IDpX ~ ;h, -c 1t, ftv ,ff~5J'O)$J J: VJ J1: < ii. ---:)Mic-r·­

::>7 t7~k=.:f3 tt 0 Mic$iJ.t ,cIDM 6 htc ff~½'O)$J <'.:'. lrf1-,=.IDM~h-C1t\0::. <'.:'. ~%~ 

c T -5 o 

1 2. 7 v- L 1 1 O)fflm:3/t+~ti:---C &1)--:) -C, 
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Mic$•~ r±, Mic tW Dl r- 5 ✓ :PA !7 t Mtc -r' - 37 iiu:: 0) r~i 0) ffUi fft iiJc il!ic iii: 

~ ;fl, -c :f3 I'.) ' 

Mle.-r--37*ltt, Mtc?W~ r- 5 ✓ 1/ A 37 i=.mJ~ o:fr~:½-,cno.:t ---c, Mtc?W~ r- 5 

'1/ :J 7-. !7 t O):jyk~ffl 0) :::r '1/ !7 -!7 r- *-1v;o~~ ~t G ht;: :fr~5tb~, $111: ,c%JJx: ~ h ---c 

5 v\o ~ t ~~1fzt-t60 

1 3. -!7 v-A 1 1 O)fflm3/t'¥:*&:t'db0---C, 

Mtc-r--37 ~r±, Mtc¥1:~ r- 5 ✓ :PA ,y ::::_- t ,=., Mtr.¥1:Dl t- 5 ✓ :PA 37 ,=.mt~ 

6 :frB:½-tP G Mic :::r ✓ 37 -!7 r- *-1v;o~~ ~t G ht;: $:n-* --c:i6~~~ L- t$1JZ,=.%JJx: ~ 

h---Cv\o ~ t ~~1fzt-t00 

10 1 4. -!7 v-A 1 0 O)fflm3/t'¥:*&:---Cdb0---C, 

M~-r--!7 ~f'i, Mic.¥1:~ t- 5 ✓ :PA 37 ,=.:mt~ o $:½-;o~ ~?Jri¥J,=.$111: ,=.%JJx: ~ 

ht:t31'.J, 

Mtc$m~,=-:t3 ~to Mic.-r--!7 ffi,=-1G0 tMVo:frB:9'0)$1fi, 

M~T--!7 kiliHc:f-Ht o $111: ,=.%p_x: ~ n tv \t~ v \$:9-0)$1 J:. l'.J n: < _a "JMic-r'-

15 37ffi,=.:t3~t6M?2$111:,=.%p_x:~ht;::frB5t0)$1J:. l'.J ~< *JJx:~htv\o ~ t ~~1fz 

t-t-60 

1 5. -!7 v-A 1 4 O)ffi:~3/t~*fi:---Cdb--=> ---C, 

M~$m~fi, Mtr.¥1:~ r- 5 ✓ 1/ A ,y t Mtei-r--!7 ~ t O)r~iO)fffJifftoo:,=.il!iciii: 

~ht:t31'.J, 

20 M~T--!7 *lt'i, Mic.?WHI r- 5 ✓ :P 7-. 37 ,=.:mt~ o $:9',cno ;t ---c, M~E?W~ r- 5-

✓ :P 7. !7 t O):jyk~ffl 0) :::r '1/ 37 -!7 r *-Jv:O~~JUt G ht;: :fr~:n-;6~, $111: ,=.*p_x: ~ht 

v\6 ~ t ~~1fz t-t oa 

1 6 . -!7 v- A 1 4 O)ffi:~3/t~~ii:t' db 0 ---C, 

MieiT--37~fi, Mtc?WHI r- 5 ✓ 1/ A 37 ::::_- t ,=., Mtc?W~ t- 5 ✓ 1/ 7. !7 i=.:mt~ 

25 o :frB5ttP G M?ei :::r '1/ 37 -!7 r *-;vzi~~it Ght;::frB:n-':t ---Ci6~~~ L- t$i11:,c:.*.6Jt ~ 

;fl, ---c V \ Q ~ t ~ ~1fz t T Q 0 

1 7 . -!7 v-A 1 0) mm3/t'¥:~oo:---C db--=> ---C, 

Miei£tifcffl~3/t'¥:!lo/J'i.'~1r L----CY:t1PJl'!lcii:~htdtl!0)£1i t, 
Jt<ftl!0)£11iU:Jc*.5x:~;h,f;:~J't~t ~J!!c@;:t -Cf~ I'.), 
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Mic-r'- ,'? ~}k vMic~:S:~,-=:t3 ~t Q MicT-~ ,'7 ~f= t{:} 0 t MV Q ff~710)$j 

tt .. Mfcj!,[xJf0)$i%J: ~ t~v\-'=- c ~!r!J:1~5U:::Too 

1 s. ffl--I--~~-C-Jt:>--::Jt, 

5 Mtcffl--I--~~t::t, ffl'A7t¥~~~fflLz, 

Mic ffl'A3/t¥~~ ti, 

£t&J:,-:_, -JEO) :hfill ,-=Mao 5E:~~&-ai$:5E:~~,-=~~T o :hfill ,-=M-a 0 

-y=·~ -'7 ~ t, M~5E:~ll& VM~-r-~ -'7 ~O)~~fI~:tt,::;t,tpt L t~tt G nt~il=~ 
r 5 :.,, 1/ 7-. -'7 t , i$:~fll r- 7 :.,, 1/ 7-. -'7 ,:: M pt Lt i~ tt G tL t~ TI!ITJ?~ltt~ c1:: ~-Om ;t, 

10 Mic5E:]J:~,::t, Mtc~fll r 5 :.,, 1/ 7-. -'7 0) 'f- -1' *1v{1JiJ!lx,::MfillT 0 $½-,::-3/-

t- ffltii c Lt0)$111:$~~T-5 cc t,=1ili0)$5t,=$1frJ;~$~~L--Cv\g-'=- c ~~ 
tl& t--t 0 o 
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ABSTRACT OF THE DISCLOSURE 

;;,$:5513Jj(l)ffl%,::Jt+~ti:f'i, T F T7 v-1 £tiJ:::~-=-- ®*ffltPlU::: =-n~-=~;Wc6:h, 

tc T FT, .:. (7) T FT,..:::~~~ :h, fc7E~~& u-r'~ -:7 fl :a::{Jm ;z_, MtcJE~~t:t ... 

Mic T F T (7) 'y- -y<Z.Jv~~f-=MrP!T 0 $5H..:: If- t- fflt_i ~ L -c (l)~iJbiffi :a::ffT 0 

5 t t b f..::: {-th (7) i'.f~ :9- f;:: ~i~$ :a:: ff L, -c V \ Q 0 

.:. n~-= J: VJ, If- t- fflt_i& -aj:E~~(l)~cti:~t*(l)WJJ~n~ J: VJ$~ f..:::~m 6 n 0 
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