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or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if mquixjed{;eBloc;ks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
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maintenance fee notifications.
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- Certificate of Mailing or Transmission
OLIFF & BERRIDGE, PLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
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Pt addressed to the Mail Stop ISSUE FEE address above, or being facsimile
ALEXANDRIA, VA 22320 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. I CONFIRMATION NO.
10/320,371 " 12172002 Masao Murade 114542 1588
TITLE OF INVENTION: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS
[} appin.Tvee SMALLENTITY | ISSUE FEE | ruBucamonree | TorALFEES)DUE | DATE DUE
nonprovisional NO $1400 $300 $1700 09/22/2006
| EXAMINER | ART UNIT l CLASS-SUBCLASS l
TON, MINH TOAN T 2871 349-043000

1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
1.963), Pliff & Berridge, PLC

CFR (1) the names of up to 3 registered patent attorneys
(] Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
() "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

“PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer | 2 reeglstered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

PLEASI; 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 STAPR/AA/GBRENHAUHED 09808129 18326371

Seiko Epson Corporation Tokyo, Japan 81 FC:1501 14@8.68 op
Please check the appropriate assignee category or categories (will not be printed on the patent) : ) Individua! ﬂl'Corpomtiou or other private group entity (1 Government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

&Kissue Fee EFA check in the amount of the fee(s) is enclosed. ck #184099 ($1,700)

EkPublication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.

(3 Advance Order - # of Copies g&XThe Director is hereby authori charge the required fee(s), or credit any overpayment, to

. P! Deposit Account Numyb §—ﬁﬂgyl B 4 (enclose an extra copg of th?s ¥orm).

5. Change in Entity Status (from status indicated above)
Qa Applicant claims SMALL ENTITY status. See 37 CFR 1.27, v, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re—at%ply 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 applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature / Date September 13, 2006

Typed or printed name _J . Adam Neff Registration No. 41,218

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit bi the public which is to file (and by the USPTO to process

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.,14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, an

submitting the completed application form to the USPTO. Time will v; dégendm upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S, Patent and Trademark Office, U.S. Department of Commcrcc,%.o.

1B\]0x 1432, A‘l/qxa.n d %z\alir 1{1&2 32313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 'THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia -1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |

10/320,371 12/17/2002 Masao Murade 114542 1588
TITLE OF INVENTION: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

| APPLN. TYPE | SMALL ENTITY | ISSUE FEE PUBLICATION FEE l TOTAL FEE(S) DUE l DATE DUE I
nonprovisional NO $1400 $300 $1700 09/22/2006

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.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 If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or 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 form 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.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2
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recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
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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 b{ the public which is to file (and by the USPTO to process
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submutting the completed application form to the USPTO. Time will vary de; nding upon the individual case. Any comments on the amount of time you require to complete
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
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WWW.UsSplo.gov i
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10/320,371 12/17/2002 Masao Murade 114542 1588
25944 7590 0612212006 I EXAMINER I
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P.0. BOX 19928 | ART UNIT PAPER NUMBER J
ALEXANDRIA, VA 22320
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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 0 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 0 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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Application No. Applicant(s)
. o 10/320,371 MURADE, MASAO
NOtlce OfA”owab”Ity Examiner Art Unit
Toan Ton 2871

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

1. [} This communication is responsive to papers filed 05/10/06 .
2. X} The allowed claim(s) is/are 6,7.9,11 and 13.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) ) Al b)[JSome* <¢)[JNone of the:
1. [ Certified copies of the priority documents have been received.
2. [ 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)).
* Certified copies not received:

i

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. [CJ] 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. [[] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTQ-948) attached
1) [J hereto or 2) [] to Paper No./Mail Date _____,
(b) (I including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

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

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

Attachment(s)
1. [] Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J-Examiner's Statement of Reasons for Allowance
of Biological Material '
9. [ Other . ﬂ\'
TRANTON
PRIMARY EXAMINER
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 05182006
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. . Application/Control No. Applicant(s)/Patent under
Issue Classification Reexamination
10/320,371
MURADE, MASAO
Examiner Art Unit
Toan Ton 2871
ISSUE CLASSIFICATION
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
349 43 G 0 2 F ] /1343 /
CROSS REFERENCES aloloa . ’ 136 /
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
349 46 139 39 G 0 2 F l /1333 /
T /
/ /
/ /
! /
«1 T o)
PRIMARY EXAMINER Total Claims Allowed: 5
(Assistant Examiner)  (Date) /\/v N
. o] )& |44 0.G. 0.G.
) b5 3% (PrimAry Examiner) § (Date) Print Claim(s) Print Fig.
egal Instruments Examiner)  (Date)
1 2,3
I:I Claims renumbered in the same order as presented by applicant | [] CPA OT.D. [ R.1.47
— w© — ® — ® — ® — ® - © — ©
] £ [ c [} = © c © £ ] £ 3] £
Ele £ |2 |2 |2 |2 c|2
“16 o] o) S S o o)
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
5113 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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Application/Contro! No.

Applicant(s)/Patent under
Reexamination
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Examiner Art Unit
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Class Subclass Date Examiner
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Class Subclass Date Examiner
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10/320,371 MURADE, MASAO
Examiner Art Unit
Toan Ton 2871
(Through numeral)
v | Rejected Cancelled N Non-Elected Appeal
=| Allowed * Restricted I | Interference Objected
Claim Date Claim Date Claim Date
— | ® 8 — | ® | ®
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gl 5|2 €| B £ | B
“1618 “16 “165
1 51 101
2 52 102
3 53 103
4 54 104
5 55 105
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11| = 61 111
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18 68 118
19 69 119
20 70 120
21 71 121
22 72 122
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28 78 128
29 79 129
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("

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.:  10/320,371 Examiner: M. TON
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

REQUEST FOR RECONSIDERATION

Commissioner for Patents
P.O. 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.

L 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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Application No. 10/320,371

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.

IL. 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, "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 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 1c than the narrowest of portions of scanning line 2. Therefore, Murade does

not disclose a "scanning line having a bread 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.
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II1. Conclusion
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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
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Art Unit: 2871

EIection/Restrictiégn
¥
1. An election of species I comprising claims 6-7 is acknowledged. Each of the species
comprises an embodiment that is patentably distinct &orrfieach other. Claims 9, 11 and 13 are

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 (1c) 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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Application/Control Number: 10/320,371 Page 3
Art Unit: 2871

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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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

LT
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In re the Application of

Masao MURADE . Group Art Unit: 2871
Application No.:  10/320,371 Examiner:  G. WANG
Filed: December 17, 2002 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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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.:  10/320,371 Examiner: G. WANG
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

AMENDMENT
AND
RESPONSE TO ELECTION OF SPECIES REQUIRMENT

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 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 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 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 broad width portion and the channel area extending in a
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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 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;

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)
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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). Itis
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 eafnestly

solicited.
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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:RBT/jfb

Date: November 1, 2005
OLIFF & BERRIDGE, PLC
P.O. Box 19928

Alexandria, Virginia 22320
Telephone: (703) 836-6400
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Randi B. Isaacs
Registration No. 56,046
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW,USPLo. GOV

| APPLICATION NO. i FILING DATE | FIRST NAMED INVENTOR IA’ITOR.NEY DOCKET NO. | CONFIRMATION NO. ]
10/320,371 12/17/2002 Masao Murade 114542 1588
25944 7590 10/07/2005 | EXAMINER |
OLIFF & BERRIDGE, PLC WANG, GEORGE Y
P.0. BOX 19928
ALEXANDRIA, VA 22320 | ART UNIT [ PaperNuMBER |

2871

DATE MAILED: 10/07/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

10/320,371 MURADE, MASAO
Office Action Summary Examiner Art Unit

George Y. Wang 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 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

)X Responsive to communication(s) filed on 25 July 2005.
2a)_] This action is FINAL. 2b)["] This action is non-final.
3)J 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, 463 O.G. 213.

Disposition of Claims

4)X 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)[] Claim(s) _____is/are allowed.
8)[] Claim(s) _____is/are rejected.
7)J Claim(s) is/are objected to.

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

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)] 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAll b)[] Some * ¢)[_] None of:
1.[0 Certified copies of the priority documents have been received.
2.[] certified copies of the priority documents have been received in Application No. ______
3.[J 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) D Notice of References Cited (PTO-892) 4) [:] Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [J nformation Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date . 6) [] other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 092905
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Art Unit: 2871

DETAILED ACTION

Election/Restrictions
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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Art Unit: 2871

and equal to that of the portion formed broad in the data line comprising a third
embodiment corresponding to Claims 11 and 13;

(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 qot 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).
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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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Art Unit: 2871 ‘

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).

Geﬁ Wangi

Patent Examiner
AU 2871
September 29, 2005
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In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.:  10/320,371 Examiner: G. WANG
Filed: December 17, 2002 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.

X 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.

X

3. In accordance with 37 CFR §1.98(a)(2)(ii), copies of any U.S. patents and patent
application publications are not attached.

X 4. An English language Abstract of the non-English language reference is attached
hereto.
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XJ° 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 2.

JAO:RBJ/jfb

Date: September 21, 2005
OLIFF & BERRIDGE, PLC
P.O. Box 19928

Alexandria, Virginia 22320
Telephone: (703) 836-6400
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Randi B. Isaacs
Registration No. 56,046
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Sheet 1 of 1

Form PTO-1449 A~ US Dept. of Commerce ATTY DOCKETNO. ~° "~ 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 17, 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 PATENT 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 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 applicant.

Date: September 21, 2005
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AN

. o PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

asao MURADE Group Art Unit: 2871

Application No.: 10/320,371 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.
XI 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. §1.114(d).

Attached hereto is our check no. 169100 in the amount of [X] $790.00 as payment of the fees
set forth in 37 C.F.R. §1.17(¢). 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 JADDOL 00000008 10320371

: 790.00 OP Randi B. Isaacs
o1 Feaitot Registration No. 56,046

JAO:RBl/aaw

Date: July 25, 2005

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 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 , Group Art Unit: 2871
Application No.:  10/320,371 Examiner: G. WANG
Filed: December 17, 2002 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 above the substrate and extending in a predeteﬁnined 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 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 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 broad width portion and the channel area extending in a
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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. (Currently Amended) An electro-optical 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;

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;-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 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;
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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 extends;-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 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;

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;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 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)
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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.

L The Claims Define Patentable Subject 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, 11, 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.”
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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.

IL. 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.

Respectfully submitted,

WW

James A. ONiff
Registration No. 27,075

Randi B. Isaacs
Registration No. 56,046
JAO:RBVaaw

Attachments:
Petition for Extension of Time

Request for Continued Examination

Date: July 25, 2005

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC ' AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461

-10-
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- .9 PATENT APPLICATION A

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

the Application of
Masao MURADE Group Art Unit: 2871
Application No.: 10/320,371 Examiner: G. WANG
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

LARGE ENTITY PETITION FOR 1% - 3" 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, 2003, an extension of time for a period of 1

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 §1.136(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 §1.136(a) ($1020.00)

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

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

07/26/2005 JADDO1 00000008 10320371

- 120.00 OP Respectfully submitted,
James A. Olff
Registration No. 27,075
Randi B. Isaacs
Registration No. 56,046
JAQO:RBV/aaw
DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension”
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461
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UNITED STATES PATENT AND TRADEMARK OFFICE

o’

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

P.0. Bax 1450
Alexandria, Virginia 223131450
WWW,USpt0o.gov
Ve
r APPLICATION NO. | FILING DATE I FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
10/320,371 12/17/2002 Masao Murade 114542 1588
25944 7590 07/1212005 l EXAMINER I

OLIFF & BERRIDGE, PLC
P.0. BOX 19928
ALEXANDRIA, VA 22320

WANG, GEORGE Y

| ART UNIT ] PAPER NUMBER J

2871

DATE MAILED: 07/12/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)
Advisory Action 10/320,371 MURADE, MASAO
Before the Filing of an Appeal Brief Examiner Art Unit
’ George Y. Wang 2871

-The MAILING DATE of this communication appears on the cover sheet with the correspondence address -

THE REPLY FILED 23 June 2005 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.

1. [ 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) E The period for reply expires 3 months from the mailing date of the final rejection.

b) L__] 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 determining 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 eamed patent term adjustment. See 37 CFR 1.704(b).

NOTICE OF APPEAL

2. [ 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. [] The proposed amendment(s) filed after a final rejection, but prior to the date of filing a brief, will not be entered because

(a)[] They raise new issues that would require further consideration and/or search (see NOTE below);

(b)[[] They raise the issue of new matter (see NOTE below);

(c) [ 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)[] They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: . (See 37 CFR 1.116 and 41.33(a)).

4. [] The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5.1 Applicant’s reply has overcome the following rejection(s):

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

7.3 For purposes of appeal, the proposed amendment(s): a) [J will not be entered, or b) [X] 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. [0 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. [ 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. [ 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. X The request for reconsideration has been considered but does NOT place the application in

See Continuation Sheet. :
12. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08 or PTO-1449) Paper Ng(s).
13. [ Other: .

ndition for allowance because:

3 T.NGUYEN
- ZXAMINER
U.S. Patent and Trademark Office
PTOL-303 (Rev. 4-05) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 070705
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Continuation Sheet (PTO-303) Application No. 10/320,371

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.
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PATENT APPLICATION
OLIFF & BERRIDGE, PLC Attorney Docket No.: _114542
Telephone: (703) 836-6400
Facsimile: (703) 836-2787
CUSTOMER NUMBER 25944 AMENDMENT TRANSMITTAL
In re the Application of
Masao MURADE Group Art Unit: 2871
Application No.:  10/320,371 Examiner: G. WANG
Filed: December 17, 2002
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.
[ Entitlement to small entity status is hereby asserted.
0O sman entity status of this application has been established.
Any additional claim fees have been calculated as shown below:
SMALL OTHER THAN A
(Column 1) (Column 2) _(Column 3) ENTITY SMALL ENTITY
CLAIMS
REMAINING HIGHEST NO.
| AFTER PREVIOUSLY PRESENT ADDL ADD'L
.1 AMENDMENT PAID FOR EXTRA RATE FEE RATE FEE
TOTAL CLAIMS *9 MINUS **20 =0 x 25 $ x 50 $
INDEP CLAIMS *5 MINUS 3 =2 x 100 $ x 200 $ 400
[] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM + 180 3 + 360 $
3 $ 400

* 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 Indépendent) is the highest number found from

the equivalent box in Column 1 of a prior Amendment or the number of claims originally filed.

X Check No. 167635 in the amount of $400.00 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:RBVaaw

Date: June 23, 2005
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Respectfully submitted,
foudd Wy

James A. Oliff

Registration No. 27,075

Randi B. Isaacs
Registration No. 56,046



Corras. and Mail
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

Masao MURADE Group Art Unit: 2871
Application No.: 10/320,371 Examiner: G. WANG
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

AMENDMENT AFTER 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 SZEWDIEI 00000012 10320371
01 FC:1201 400.00 0P
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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) Fhe-An electro-optical deviee-aceording-to-claim-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 correépondingly 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 sandwichihg the

scanning line and being adjacent to each other and a second long gap extending through a
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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) Fhe-An electro-optical device-aecordingto-claim-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 chénnel 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,
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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) The-An electro-optical deviee-aceording-to-claim10;

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;

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
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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 aﬁd equal to that of the
portion formed broad in the data line.

12. (Currently Amended) Fhe-An electro-optical device-aceordingto-claim11;

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;

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
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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 aréa 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) Fhe-An electro-optical device-accordingto-claim10;

device, comprising:

a substrate;

scanning lines above the substrate and extending in a predetermined direction;
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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.
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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)
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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 37 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.

1. 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 Subject 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 rejectién 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 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). 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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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:RBVaaw

Attachment:
Amendment Transmittal

Date: June 23, 2005
OLIFF & BERRIDGE, PLC
P.O. Box 19928

Alexandria, Virginia 22320
Telephone: (703) 836-6400
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Randi B. Isaacs
Registration No. 56,046

DEPOSIT ACCOUNT USE
AUTHORIZATION
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necessary for entry;
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PATENT APPLICATION

-In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.: 10/320,371 Examiner: G. WANG
Filed: December 17, 2002 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 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.

A X 1. This Information Disclosure Statement is being filed more than three months after

the U.S. filing date and afier 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. :

X 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)(1).

X 2. The references were cited in a counterpart foreign application.

X 3. In accordance with 37 CFR §1.98(a)(2)(i1), copies of any U.S. patents and patent
application publications are not attached.

X 4, English language Abstracts of the non-English language references are attached
hereto.

06/08/2005 SDENROB1 00000120 10320371
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X 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.

X 6. “The U.S. equivalent of JP2001-331125A is U.S Publication No. 2002/0021379.
X 7. The U.S. equivalent of JP2001-343912A is U.S. Patent No. 6,528,822.
Respectfully submitted,

James A. Oliff
Registration No. 27,075

Randi B. Isaacs
Registration No. 56,046

JAO:RBV/cfr
Date: June 7, 2005
DEPOSIT ACCOUNT USE

OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our

Deposit Account No. 15-0461

2
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conformance and not considered. Include copy of this form with next communication to applicant.

N & 7 O,
Form PTO-1449 TRANER: . of Commerce ATTY 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 17, 2002 2871
U.S. PATENT DOCUMENTS
EXAMINER SUB
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS
1 * 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 JP2001-33125A%* 2/9/2001 Japan
6 JP2001-356709 12/26/2001 Japan e/Eng. Abs. & Translation
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.)
EXAMINER 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

Date: June 7, 2005

Page 81 of 395




2

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.:  10/320,371 Examiner: G. Wang
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRIC OPTICAL APPARATUS AND ELECTRONIC DEVICE

INFORMATION DISCLOSURE STATEMENT

Commissiloner 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.

X 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.

X 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)(1).

X 2. References 2 and 3 were cited in a counterpart foreign application.

X 3. In accordance with 37 CFR §1.98(a)(2)(ii), copies of any U.S. patents and patent
application publications are not attached.

‘ - 04/26/2005 SZEWDIE1 00000099 10320371
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X 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.
Respectfully submitted,

JAO:RBl/cfr

Date: April 25, 2005
OLIFF & BERRIDGE, PLC
P.O. Box 19928

Alexandria, Virginia 22320
Telephone: (703) 836-6400
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Form PTO-1449 2 t. of Commerce ATTY DOCKET NO. APPLICATION NO.
(REV. 8-83) EMARK 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. PATENT DOCUMENTS
EXAMINER SUB
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS
6,583,830 06/24/2003 Yasukawa et al.
FOREIGN PATENT DOCUMENTS
SUB
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS
WO 01/81994 Al 11/01/2001 PCT w/English Abstract
2001-209070 8/3/2001 Japan w/English Translation
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.)
EXAMINER 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 applicant.

Date: April 25, 2005
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. l CONFIRMATION NO. J
10/320,371 12/17/2002 Masao Murade 114542 1588
25944 7590 03/24/2005 [ EXAMINER |
OLIFF & BERRIDGE, PLC WANG, GEORGE Y

P.0. BOX 19928
ALEXANDRIA, VA 22320

I ART UNIT

li, PAPER NUMBER I

2871

DATE 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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Application No. Applicant(s)

10/320,371 MURADE, MASAO
Office Action Summary Exarminer A Unit

George Y. Wang 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 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1. 136(3) In no event, however, may a reply be timely filed

after S1X (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 tlmely
- I 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)[X Responsive to communication(s) filed on 13 September 2004.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] 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)X Claim(s) 1-18 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)lJ Claim(s) 1-18 is/are rejected.
7)1 Claim(s) _____is/are objected to.

8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[]] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 12 March 2003 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] 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)X] Acknowledgment is made of a claim for foreign priority under 35U.8.C. § 119(a)-~(d) or (f).
a)XJ Al b)[J Some * )] None of:
1..J Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) ' 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) ] Notice of Informal Patent Appl Application (PTO-152)
Paper No(s)/Mail Date 6) ] other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary 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, 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 ponidﬁ 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 fn 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 lin 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).
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Therefore, Onisawa clearly cures the deficiencies of Ono and thus satisfies all the
limitations of the claiméd 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 exéminer’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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Application No. Applicant(s)

10/320,371 MURADE, MASAO
Office Action Summary Examiner Art Unit

George Y. Wang 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 3 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.
- Ifthe 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.
- |f 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

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

i) Responsive to communication(s) filed on 13 September 2004.
2a)l This action is FINAL. 2b)[] This action is non-final.
3)[]] 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)X Claim(s) 1-18 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5)] Claim(s) _____is/are allowed.

6)X Claim(s) 1-18 is/are rejected.

7)] Claim(s) _____is/are objected to.

8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[[] The specification is objected to by the Examiner.
10) The drawing(s) filed on 12 March 2003 is/are: a)[X] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaratién is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)X Acknowledgrﬁent is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)XJ Al b)[]Some * ¢)[[] None of:
1.X Certified copies of the priority documents have been received.
2.[] cCertified 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) [[] Notice of References Cited (PTO-892) 4) [[] interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ___
3) [] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [_] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 6) [] other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary 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, 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 ofa 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
éxtends 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 aréa
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 madAe to Have the broad portion of the scanning line as a gate electrode in
a portion facihg a channel area of a respective TFT éince 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 bfc.)ad width portion extending in a single
direction or bi-direction in which the channel afea extends, and scanning lines buried pt
least partially in the grooves directly or through an insulating film.

Onisawa discloses an electro-opti'cal device with thé scanning line extending in a
direction intersecting a direction in which the channei 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 bgen 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 thé 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 fhrough 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 tb 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 artvreferences 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 exiending 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 diségrees. 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 érea 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
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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
ex;miner should be directed to George Y. Wang whose telephone number is 571-272-
2304. The examiner can normally be reached on M-F, 8 ém -4:30 pm.

If attempts to reach the examiner by felephone are unsuccessful, the examiner's
supervisor, Robert H. Kim can be reached on 571-272;25293. ‘The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

| Information régarding the status of an application may be obtained from the
Patent Application ’Information Retrieval (PAIR) system. Status information for
published apblications 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 systém, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.U5PLO. B0V

[ appLicATION NO. FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/320,371 12/17/2002 Masao Murade 114542 1588
25944 7590 12/01/2004 { EXAMINER ]
OLIFF & BERRIDGE, PLC WANG, GEORGE Y
P.O. BOX 19928
ALEXANDRIA, VA 22320 | ART UNIT [ PAPER NUMBER |

2871

DATE MAILED: 12/01/2004

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO 90C (Rev 10/03)
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Application No. Applicant(s)

10/320,371 MURADE, MASAO
Office Action Summary Examiner Art Unit

George Y. Wang 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 3 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 cormunication.
- 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

)X Responsive to communication(s) filed on 13 September 2004.
2a)lX] This action is FINAL. 2b)[_] This action is non-final.
3)[] 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)X) Claim(s) 1-18 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5)(] Claim(s) is/are allowed.
6)X Claim(s) 1-18 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) fited on 12 March 2003 is/are: a)l accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] 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)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)XI Al b)[] Some * ¢)[] None of:
1.[{ Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.J 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) [:I Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date.
3) [[] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) (] Notice of Informal Patent Application (PTO-152)
Paper No(s)Mail Date . 6) [:] Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary 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, 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 exter_wds, 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
éxtends.

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 habve 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 cleafly 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 extendingina
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).
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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 ac_:tion. 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, fhen 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 frorﬁ 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 tr;is 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 . - .

supeN{sor, 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 thrbugh Private PAIR only.
For more information about the PAIR system, see http://pair-direc_t.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 113 of 395



Application/Control Number: 10/320,371 Page 8
Art Unit: 2871 ‘

gw
November 24, 2004

Page 114 of 395



. Application No. Applicant(s)
Index of Claims PP
10/320,371 MURADE, MASAQ
George Y. Wang 2871
. (Through numerat)
v | Rejected - Cancelled N Non-Elected Appeal
=| Allowed + Restricted I | Interference Objected
Claim Date Claim Date Claim Date
5| 8|8 5| B % | 2
£|2|d ) E1B
S8 = “16 “1o
10|y 51 101
2 v 52 102
3|V 53 103
4 |V 54 104
5 v 55 105
6 |V 56 106
714 57 107
8 |V 58 108
9|V 59 109
10 (v 60 110
11|y 61 111
12|y 62 112
13 |V 63 113
14|y 64 114
15| v 65 115
16 [ 66 116
171y 67 117
18|V 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 H 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.8. Patent and Trademark Office

Page 115 of 395

Part of Paper No. 112404




Search Notes Application No. Applicant(s)
10/320,371 MURADE, MASAO
Examiner ’ Art Unit
George Y. Wang 2871
) - SEARCH NOTES
SEARCHED (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 116 of 395




Etteciive October 1, 2003

_PATENT APPUICATION FEE DETERMINATION RECORD

Applicalion or Dockel Number

1032037] -

CLAIMS AS FILED - PART | " SMALL ENTITY OTHER THAN
{Cotumn 1) (Cotumn2) - e CJ OR SMALL ENTITY
TOTAL CLAIMS . : . 1 e T Fee mate | FeE
FOR ‘ WgEnfuco | maoenextaa | |Basicree] 385.00 |orsasic seel #fo.o0
TOTAL CHARGEABLE CLAIMS } & minus 20= |* XS 9=~ oR| Xs18=
INDEPENDENT CLAIMS | < Ogminus 3 ~ xa3= “lon] xes-
" MULTIPLE DEPENDENT CLAIM PRESENT  ~ O i
- L e 145z OR] +290=
* I the difterence in cotumn 1 is ess than 2ero. enter 0" n colunn 2 TOTAL | OR TOTAL W{J
CLAIMS AS AMENDED - PART il ’ OTHER THAN
(Cotunun.1) (Cidumn 2)  1Cohnun 31 _SMALLENTITY OR SMALL ENTITY
« P TR o PXanT
REMAINING NULABER ] P
& | AfTER .| encviousir CxtRe RATE- JTIONAL RATE | TIONAL
g AMENDMENT 1 _PAIDFOR - ‘ FEE |_FEE |
% Total N } 7 Mmys - gd a ! XS 9= or| xs8=
3 Independent |. . [mns [N s X43- on| xes
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (o]
) . o . - ©4145s - OR|{ +290=
| T TOTAL TOTAL
qllbloT oo feg L==""JOR aoorr ree —
{Column 1} (Cotunm1 2)  (Column 3| .
- | e HICREST . ADOI ADDI-
MAINING NUMDER
s . AfTER PREVIOUSL: | Fﬁff"«" RLTE JTIONAL RATE | TIONAL
i) AMENDMENT PAD FOR . FEE fEC
§ Total O s . ZO - onl %3
 [ne . " o . -
<E inocpendent M j)\ . e onl xes
FIRST PRESENTATION OF MULTIPLE DEPENDENT CTAIM (] pu—
s Jor| +290=
TOTAL
. OR.\omi7 re€
(Column 1) {Column J3)
= i —
of* REMAINING PRESENT AUD!- | AOCi-
3 AFTER EXTRA - RATE | TIONAL RATE | TIONAL
@ AMENDMENT . PAID FOR : FEE FEE
g Totai . Minus - . = X$ 9% OR X$18=
g independent {. Minus J - = 3 X36-
< [FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAM [} = ORl 7%
- - ' ’ +145= oR | +290-
* 1 the eniry i column 1 is less than the ealry in CORMMA 2. Wik °07 i columa 3. ——TOTAL TOT,
o W the "Highest Number Previously Paid For’ IN THIS SPACE i less han 20, enter 20 appyT, FEE OR oo ree

The “Highest Humbes Previously Paid

Page 117 of 395

=it the Highes! Number Previously Paid For’ IN THIS SPACE is les{ inan 3, enter 3. - -
Far* [Totsd of Independent] is e highest numbet found in Ihe appropriaie bax in column 1.

nes
D

J

IR NAR




ﬁIWJ_Q/\J ;\,.4, F),g \,J/j; 1u \NJ)@/M

o
EoLnz U e = ot vim S\

|

@..so.‘om g AHEEEEHEEEEEEHEEER R R b E AL s

mad 1 | |
u!ﬁeom G|RIBI8[5[N[B]2[8 ammmnnnumnnnnmmmwu&w

oy | 1] LITTiT]

e
A 1
N [
: - -

w*l_&&| NEEEEOHBEEE OEHAEBNUNEAREREEEIEBRERHHEEEN u_mnuw

] | I 1 [ 1 111 . |

\«bu%%m\

1 more than 150 claims or 10 actions
staple additional sheet here

{LEFT INSIDE)

Page 118 of 395



> P

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of

Masao MURADE Group Art Unit: 2871
Application No.: 10/320,371 Examiner: G. Wang
Filed: December 17, 2002 Docket No.: 114542

For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

AMENDMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
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;
séanm'ng 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
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 pertion-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 diréction 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 N

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.
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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, aﬁd

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 té 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 continuﬁusly 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 dev@ce according to claim 1, fﬁrther
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 predetérmined
direction;

data lines above the substrate and extending in a direction intersecting

the scanning lines;
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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 pestien: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.

L 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.

IIL. The Rejection 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‘intersécting
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 2-17 depend from claim 1, and thus, claims 2-17 also would not have been rendéred
obvious by Ono in view of Onisawa. Accordingly, reconsideration and withdrawal of the
rejection are respectfully requested.

IOI. 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

eamnestly solicited.
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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
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Richard J. Kim
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- Application No. Applicant(s)
. 10/320,371 MURADE, MASAO
Interview Summary Examiner Art Unit
George Y. Wang 2871

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

(1) George Y. Wang. ) __—_.
(2) Richard Kim. (4)____.

Date of Interview: 18 August 2004.

Type: a)[] Telephonic b)[] Video Conference
c)X Personal [copy given to: 1)[] applicant  2)[X] applicant’s representative]

Exhibit shown or demonstration conducted: d)[JYes &)X No.
If Yes, brief description:

Claim(s) discussed: 1 and 18.
Identification of prior art discussed: Onisawa et al. (US 5,831,694).

Agreement with respect to the claims f)[] was reached. g)lX] was not reached. h)[] 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: Discuss consideration of Preliminary Amendment filed March 12, 2003 and
roposed 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 patentability 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.

v
RIMARY EXAMINER
Examiner Note: You must sign this form unless it is an #
Attachment to a signed Office action. Examin@gnatu required
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 attomeys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively an 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 s0. Itis 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)

Itis 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 concemning 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.
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Applicant Initiated Interview Request Form

ApplicationNo.: _/p _/ 320,39/ First Named Applicant: Aqv RAN T

Bxaminer: _ [ Japa) & _ 7 ArtUnit _28%9/ Status of Application: _A/6w ~ Frusl
Tentative Participants;

O _Ep glpall ®

@ _ RicHopnp King = @)

Proposed Date of Interview: __4-04 ZZ . ZQP'V' Proposed Time: /O @PM‘)
Type of Interview Requested:

(1) ] Telephonic (2) L] Personal (3) [ Video Conference
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Application No. Applicant(s)

10/320,371 MURADE, MASAO
Office Action Summary Examiner ArtUnit

George Y. Wang 2871

-- The MAILING DATE 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 3 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)X] Responsive to communication(s) filed on 12 March 2003.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J 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)X] Claim(s) 1-18 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5)] Claim(s) is/are allowed. .
6)X] Claim(s) 1-18 is/are rejected.
7)O Claim(s) _____is/are objected to.
8)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

9)[X] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 12 March 2003 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] 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)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)XI Al b)[(] Some * ¢)[] None of:
1.X Certified copies of the priority documents have been received.
2.[J Certified copies of the priority documents have been received in Application No.
3.[J 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) @ Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413)
2) [J Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [X] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informat Patent Application (PTO-152)
Paper No(s)/Mail Date . 6) D 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 Page 2
Art Unit: 2871

DETAILED ACTION

Specification
1. The abstract of the disclosure is objected to because it is more than one
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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Application/Control Number: 10/320,371 Page 3
Art Unit: 2871

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 havle 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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Conclusion
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 EXAMIM™R
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Application of
Atin: 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

ir:
° 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.

X] A preliminary amendment is also attached.

SMALL ENTITY OTHER THAN A
{Column 1) (Column 2) (Column 3) SMALL ENTITY
CLAIMS
REMAINING HIGHEST NO.
AFTER PREVIOUSLY PRESENT ADDL | OR ADD'L

- TRANSLATION PAID FOR EXTRA RATE FEE RATE FEE
TOTAL CLAIMS *18 MINUS **20 =0 x 9 $ x 18 $ 0
INDEP CLAIMS * 2 MINUS ¥¥3 =0 x 42 S x 84 $ 4]
[] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +140 S OR | +280 $ 0
$ 3 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 []$260.00 []$195.00 (entitlement to small entity

status is asserted) for the fee under 37 C.F.R. §1.16(e) and §1.17(k) and any excess claim fees noted above.
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Application No. 10/320,371

Submitted herewith are 21 sheets of formal drawings (Figs. 1-22) in compliance with
37 C.FR. 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.

Respectfully submitted,

Jafnes A. OIhff
Registration No. 27,075

Eric D. Morehouse
Registration No. 38,565

JAO:EDM/gam
Date: March 12, 2003
DEPOSIT ACCOUNT USE

OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our

Deposit Account No. 15-0461

2-
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of
Attn: Box Missing Parts
Masaoc 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

ir:
° 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.

X A preliminary amendment is also attached.
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(Column 1) (Column 2) (Column 3) SMALL ENTITY
CLAIMS
REMAINING HIGHEST NO.
AFTER PREVIOUSLY PRESENT ADDL || OR ADD'L
TRANSLATION PAID FOR EXTRA RATE FEE RATE FEE
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INDEP CLAIMS * 2 MINUS *xx3 =0 x 42 $ x 84 $ 0
[] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +140 ) OR || +280 $ 0
$ $ 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 [X]$260.00 [ J$195.00 (entitlement to small entity

status is asserted) for the fee under 37 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
37CFR. 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.

Respectfully submitted,

=

James A. Oliff
Registration No. 27,075

Eric D. Morehouse
Registration No. 38,565

JAO:EDM/gam
Date: March 12, 2003
DEPOSIT ACCOUNT USE

OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our

Deposit Account No. 15-0461
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{ APPLICATION NUMBER | FILING/RECEIPT DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NUMBER —I
10/320.371 12/17/2002 Masao Murade 114542

CONFIRMATION NO. 1588
FORMALITIES LETTER
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*0C000000009488834*

25944

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

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 To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items 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).

e 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 cath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

e The application was filed in a language other than English. Applicant is required to provide an English
translation of the specification and a statement that the translation is accurate. (See 37 CFR 1.52(d)).

e Applicant must file an English translation of the application, the $ 130 fee set forth in 37 CFR 1.17(i),
uniess previousiy submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

¢ Because your specification was filed in a language other than English, the Office was unable to determine
the number of claims submitted. Additional claim fees may be due once the number of claims can be
determined.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

s The drawing figures contain text that is not in English (including, for example, a flow
chart that was originally not in English that has been marked up to include the English
text) (see 37 CFR 1.84(p)(2) and 37 CFR 1.52(d)(1)). See Figure(s) All
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SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $260 for a Large Entity

o $130 Late oath or declaration Surcharge.
o $130 for English translation surcharge required.

A copy of this notice MUST be returned with the reply.

s B,

Customer Service Center
Inttial Patent Exanmuination Division (703) 308-1202
PART 2 -COPY TO BE RETURNED WITH RESPONSE
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PATENT APPLICATIOX

: IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ( ' Y

¢, 37t
In re the Application of Atin: OIPE <7
Masao MURADE

Application No.: 10/320,371

Filed: December 17, 2002 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.

Respectfully submitted,

James A. Oliff

Registration No. 27,075

Eric D. Morehouse
Registration No. 38,565

JAO:EDM/gam

Date: March 12, 2003

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461
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[ aPPucaTioN NUMBER | FILING DATE | GRP ARTUNIT | FIL FEE RECD |ATTY.DOCKET.NO| DRAWINGS [ 70T cLams | inp cLaMS |

10/320,371 12/17/2002 740 114542 21 /(17 /Z
R CONFIRMATION NO. 1588
25944 ) I FILING RECEIPT
OLIFF & BERRIDGE, PLC UL W

P.O. BOX 19928 - 0 2003
ALEXANDRIA, VA 22320 . FEB 102003
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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, JAPAN;

Domestic Priority data as claimed by applicant

Foreign Applications
JAPAN 20C2-000712 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 E lectro- device a ppraratus
E%eeﬁg\optica!eppm and erectronicdea.“e
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

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 “ELECTRO-OPTICAL
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

Yoshikatsu TSUJING'
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| APPLICATION NUMBER | FILING/RECEIPT DATE | FIRSTNAMED APPLICANT |  ATTORNEY DOCKET NUMBER |
10/320,371 12/17/2002 Masao Murade 114542

Commissioner for Patents
Washington, OC 20231

CONFIRMATION NO. 1588
FORMALITIES LETTER

AR 0O O A

*0OC000000009488934*

25944

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

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 To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items 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).

e 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.

o To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

+ The application was filed in a language other than English. Applicant is required to provide an English
translation of the specification and a statement that the translation is accurate. (See 37 CFR 1.52(d)).

e Applicant must file an English translation of the application, the $ 130 fee set forth in 37 CFR 1.17(i),
uniess previously submitted, and a statement that the translation is accurate (37 CFR 1.52(d}).

¢ Because your specification was filed in a language other than English, the Office was unable to determine
the number of claims submitted. Additional claim fees may be due once the number of claims can be
determined.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

e Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

m The drawing figures contain text that is not in English (including, for example, a flow
chart that was originally not in English that has been marked up to include the English
text) (see 37 CFR 1.84(p)(2) and 37 CFR 1.52(d)(1)). See Figure(s) All.
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SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $260 for a Large Entity

e $130 Late oath or declaration Surcharge.
o $130 for English translation surcharge required.

A copy of this notice MUST be returned with the reply.

/)

Clustomer Service Center
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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¥ PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of
Atin: 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

a \\/ 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.

X A preliminary amendment is also attached.
;," SMALL ENTITY OTHER THAN A
(Column 1) {(Column 2) (Column 3) SMALL ENTITY
CLAIMS
REMAINING HIGHEST NO.
“ AFTER PREVIOUSLY PRESENT ADD'L OR ADD'L
’ . TRANSLATION PAID FOR EXTRA RATE FEE RATE FEE
TOTAL CLAIMS *18 MINUS **20 =0 x 9 $ x 18 $ 0
INDEP CLAIMS * 2 MINUS A3 =0 X 42 3 x 84 $ 0
[[] FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +140 $ OR || +280 $ 0
$ $ 0

* If the entry in Column 1 is less than the entry in Column 2, write "0" in Column 3.
** 1f 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 []$260.00 []$195.00 (entitlement to small entity
status is asserted) for the fee under 37 C.F.R. §1.16(e) and §1.17(k) and any excess claim fees noted above.

Page 155 of 395



-
L

Hie

Application No. 10/320,371

Submitted herewith are 21 sheets of formal drawings (Figs. 1-22) in compliance with
37 CF.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.

Respectfully submitted,

James A. ONIff
Registration No. 27,075

Eric D. Morehouse
Registration No. 38,565

JAO:EDM/gam

Date: March 12, 2003

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 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 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 arcas of the
scanning lines and the data lines; and
pixel electrodes formed correspondingly to the thin-film transistors;
arespective 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

portiori having a portion lengthened from the narrow width portion.
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3. (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. A

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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18. (Amended) An electronic apparatus, comprising:
an electro-optical device incliding:
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 clectrode 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. §1.121(c)(1)(ii)).

Prompt and favorable examination on the merits is respectfully requested.

Respectfully submitted,

James A. Olff
Registration No. 27,075

Eric D. Morehouse
JAO:EDM/gam Registration No. 38,565

Attachments:
Substitute Abstract
Appendix
Substitute Specification
Marked-up Copy of Specification

Date: March 12, 2003

. DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 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.
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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 eemprising-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-diselesed. 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 TEFTs 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. 1.125(b)(2).
Changes to Claims:

The following are marked-up versions of the amended claims:

1. (Amended) An electro-optical device, comprising;-abeve-asubstrate;;

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
pixel electrodes formed correspondingly to the thin-film transistorss;
wherein-thea respective scanning line has-having a broad width portion as a
gate electrode in a portion facing a channel area of the-a respective thin-film transistor and a
narrow width portion in the-another portion.
2. (Amended) The electro-optical device according to claim 1, wherein-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, wherein-the
broad width portion has-having a portion connected to the narrow width portion.

4. (Amended) The electro-optical device according to claim 1, wheretn-the
respective scanning line extends-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
electrodes is-being arranged in a matrix shape, and

wheresir-the respective channel areé 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 0, wherein-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, wherein-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 accordingrto 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 fercenstructingto 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 Hatingto constitute the storage capacitor,

Page 163 of 395



Docket No. 114542 Application No. 10/320,371

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, whereina
portion overlapping the thin-film transistor in the data line +s-being formed locally broad, and

wherein-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, whereinrthe
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, wheretn;,-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, whereina
portion overlapping the thin-film transistor in the data line is-being formed locally broad, and

a width of the ‘porlion 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 fo;'med 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 for
eonneetingto connect to the thin-film transistor is provided, in addition to the poﬂién
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 formed.

A-3
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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,

wheretn-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 havingabeveincluding:

a substrate-;

scanning lines above the substrate and extending in a predetermined

directiony_

data lines above the substrate and extending in a direction ef

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-thea respective scanning line has-having a broad width portion as a
gate electrode in a portion opposing a channel area of the-a respective thin-film transistor and

a narrow width portion in the-another portion.

A-4
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interlayer insulatingfilm 42, can be formed to buried the wirin h as the data line 6a

&f%’gform}fg ! &M\M

e electro-optical device of the pre ntif€mbodimen

eveling process.

constructed
like the above, since the scanning line 330a has the broad width portion 331a and the
narrow width portion 332a and the broad width portion 331a is formed to face the channel
area 1a' 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 TFTs 30 and the scanning lines 330a in
FIG.2 descnbed above shows an examp]c of a suitable arrangement responsive to the

o S/ J\-‘”\Qh rcv-Qy'\'\{'

requlremem T effectively prev/ ntiggdlight from enterifig the channel areas 1a' of the
TFTs 3@1&0}1/01’6){&1’?

implemented. FIG. S is a diagram with the same purpose as FIG. 2, in which af;

arrangements shown in FIGs. 5 and 6 can be

g

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.

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 clectrodes 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
arranged positions of the channel areas 1a', that is, the arranged positions of the broad

width portion 331a' are similar 1o those in FIG. 2.

envanttd ‘
This arrangement impMﬂhe quality of display image. The reason thereof

is as follows. That s, evice according to the present invention, as

the electro-o
described above, the oriented film 16 is provided on the pixel electrodes 9a, and on the

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. T ‘ﬁbovtﬁ-deseri )
R ; ol \N
the scannifg’ljnes 330%' of the pre§ent€mbodiment” FIG. 7 is a sectional view taken

d "various elements" include

alo gvar-l-i-néli ifi F1G. 5, in whichia 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.
5 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 crysta] e (QQ.A‘
- and thus the operation failure of the e]ectro-opucal device. Therefore, cmrvmtro'mr}(y, by or

providing the light-shielding film in 1 inity of the above-described convex portion

10 501, shielding of the incident i ¢ 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 1o the image display.

At this time, it is important that the above-des€ribed light-shielding film, should be

provided while satisfying the requirements fofi i ng ratio. That is,
15  when the light-shielding film is provided only t6 correspond to the convex portion 501, it
may unnecessarily worsen the pixel opening ratio to deteriorate the brightness of image.
When the Iigh(»shie}ding 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.

lery

In the pfésent@mbodiment as been paid attention to the fact that the

nonuniformity ar€ tated in the convex portion 501, more specifically, that the portion
(}a‘feremaftermm "rubbing-up portion

SR

5013"f)a/ssoc1ated with rubbing up the convex portion 501 (that is, the direction ascendmg

25  the convex portion 501) and the portion (referencenumeralSothin HG-7. ﬂercinafler/(
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3.7
f&iﬂ%ﬁw"rubbing;down portion 501b“)ésocialcd with rubbing down the convex

. portion 501 (thatk 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
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.
o

In lh@lgmbodimem, it is jafportant that the narrow width portions 332a’
adjacent in the directi e scanning lines 330a’ in FIG. 5 are formed at the position

deviated from the center (see the two-dotted chain line in FIG. 7) between the pixel

electrodes 9a. Thatis, 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 c;;)rresponding
to the space between the adjacent pixel electrodes 9a, it is possible to effectively shield
only the rubbirng-dvown portion 501b, that is, to effectively shield the corresponding

-to be most influenced-by the nonuniformity.
w»j\cf“'f
e presenhﬁnbodimem, sin

ponidn of the convex portion 501 expec

As a result, according to e 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 tra

display, it is possibl¢/to }mpmuéqhe

mit the light contributing to the image

ing ratio, that is, to maintain the bright
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image. Consequently, according to the present embodiment, from the above-described

el
o
.

point of view;an Wmanl/in the quality of the display image can be obtained.
Qheg‘by—ferm?m 332a' at the position deviated from

; (49,
the center of the first gap, it is possib}¢to i-mpﬁé;lhe,de T

freedom in the design of

or cMN AWy Freveadx

5  the electro-optical device and to effective @revenm‘ﬂa light from entering the T 2
e U e

The reason thereof is as follows.

¥ o

oot

That is, although the narrow width portion 332a’' in the presem«ér’nbodiment«

extends through the first gap between the adjacent pixel electrodes 9a, it does not exist at

the ceriter 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 broadwidt

(f’/ ‘e—w
at the center of the gap. In the preséntkembodiment

understood that the broad width portion 331a’ is broadened toward only on

20  since the gate electrode can be arranged at a position advantageous f

rtion 331a’ as the gate electrode

hown in F1Gs. § and 6, it can be

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 1o increase the degree of freedom in an arrangement ofwirin@. as an

25  arrangement of the scanning line 3302’ and to obtain the TFT 30 originally
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substantially high light-shielding ability.
, T ‘
In short, in the embodiment showr in FIGs. 5 and 6, while satisfyin% the
L2 - e *

Jc‘p L < \ ?,;/-:
requireme}ls-Wua ily of the display image, isspreving the degree®
freedom El_d—esig/nand—d'ccreasing the light leak current in%‘reil‘—l;:l'—ilﬁ;{:;ms;;e to

adequately adjust/determine the arrangement between the channel area 1a' (or the TFT 30)

and the gate electrode (or the scanning line 330).

As described above, according to the electro-optical device of the @
embodiment, since the séanning line, as the gate electrode, has the broad width portion
and the narrow width portion, while satisfying the above various requirements or a general
requireme 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 TFT) and

- . .

the gate electrode (or the s‘i%xmn line)..
bt \“ﬁ‘/

econdembodiment)

Eondfembodime e present invenion wall-b€ explained with Ls
flan vz WLosHhra \(;,
~®10 11. FIGs. 8 and 10 are diegremswith-the-safe-purposcas 16235 :
1 .
respectivelyand-Hostrates anolher(miiodimem different from that in FIG. 2 in that a

reference to

groove is formed on the TFT array substrate 10 and at least a part ef the

Sec)rooa
buried in the groove. FIGs. 9 angd11 are peﬁpeeﬁwé/iews illu HTig a

rofi

s

respectively (FIG. 9 corresponds to FIG. 8, andtbaﬁs‘) tion taken along alife Z1-Z1'in FIG.

8 corresponds 1o a séclion' ta.ken alwn FIG. 9., Further, FIG. 11

corresponds to FIG. 10, and a sectiondaken @Hﬁ% in F1G. 10 corresponds to |
Slone/

a section taken alo e.].ixe/ZZ-Z 2 F1G. 9). Further, FIG. 12 is a sectional view taken

alofg -lin€ T-T' jaF1G. 10. Furthermore, since the basic(* construction and operation,

o entlary '
etc., of the electro-optical device of the se %embodimem aresinilar to those of the first

narrow width portion of the scanning Hneaccording to the
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or&
explanation about distinctive portions in the secondlembodiment will

mainly dgscribed below. Furthermore, the reference numerals in FIGs. 8 and 12

indic same elements as in F1Gs. 1 to 7 referred to in the above description, when

they indfcat { bstantially equivalent el

First] in one aspect of the se ndfembodiment shown in FIGs. 8 and 9, a
groove 3G1 is formed along the Scannmg ine in the TFT array substrate 10. The groove
3G1 is formed except for the area where the semiconductor layer 1a of the TFT 30 is
formed. By this construction, 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
is formed such that the narrow width portion 342a thereof is entirely buried in the groove

o1
&W’P

condfe’mbodi nt, as shown in FIGs. 10 and 11, a

3Gl (see FIG. 9).

-In another aspect of the
groove 3G2 is formed on the T Substrate 10, similarly to the groove 3G1.
However, preferably, a groove 3G2 is formed slightly narrower than the groove 3G1.
Further, a narrow width portion 352a of the scanning line 350a is formed along the groove -
3G2. The narrow width por!idn 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

» MQ\M

ond(mbodimem S shown in

352aB is formed on the surface of the TFT array substrate 10.

Further, in one aspect and another aspect of the s
Fi1Gs. 8 and 10, a groove 6G1 is formed in the TFT array s along the data line.

Furthermore, the data line 6a is formed to be entirely buried in the groove 6G1. In

1

addition, the semiconductor layer 1a is also formed 10 be entirély buried in the groove 6G1.

25

\ory

According 1o the electro-optical device of the sectondﬁmbodiment conbtructed as
Al

above, the following effects can be obtained. First, since the who rt or a part of both
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of the scanning lines 340a and 350a are buried in the grooves 3G1 or 3G2, 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 10 each other 1o maintain the leveling feature. By this, the leveling
feature of the first to third interlayer insulating film 41 to0 43 forrﬁed as the upper layers of

nd the oriented film 16 can be

the scanning lines 340a and 3503, or the pixel elecliwe
-€¥
well obtained.. Therefore, in the se ondfmbodlment f example, since a step along the
narrow width portion 342a or the bur} 2aB does not substantially appear on
TN

the surface of the oriented film 16, the rubbing process can be very suitably performed on ;
/a—f’ M&w"‘}/

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 bag fentatic

deterioration of the image quality based on the light leakage.

Such effects on the portion along the data line 6a can be obtained because of the

existence of the groove 6G1.
Further, in FIGs. 10 and 11, in particular, because of the existence of the non- oF &

buried portion 352aNB, the following effects can be obtaincd Nswqﬁxe effects

explained j . M\wq

Cetro-optical device of the predentfembodiment,

fierally in order to

pre emf/etenoratmn ¢ electroqpptical material ca ¢ application of DC
ufy‘—‘/

voltage and to prevenkﬁ;cros@c 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 ma

D
driving method” willbe ainéd~"

First;-asShown in FIG. 13(a), during the tinfe f\fgv a@mage signals for the

n-th field (n is a natural number) or frame, the polarity of the 1iquid crystal driving voltage

e employed. More specifically, so-called "1H inverse
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indicated by + or - for each pixel electrode 9a js driven with the same polarity for every
row. Thereafter, as shown in FIG. 13(b), when the image signals for thé n+1-lh field or
frame are displayed, the polarity of the liquid crystal driving voltage for each pixel
clectrode 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
cach 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 1H inverse driving method.  As'a result,
while avoiding deterioration of the liquid crystal caused by the application of DC voltage,
it is possible 10 prevenls’irﬂége display with reduced cro or flicker. Furlhér,‘ the 1H

inverse driving method is more advantageous than the 1S inverse driving method to be

explained later, in that there is no almost c in the vertical direction (Y direction) in

the drawing.

However, as can be understood from FIG. 13(a) and FIG. 13(b), in the 1H inverse
driving method, a horizontal electric field takes place between the pixel electrodes 9a
adjacent to each other in the vérlical direction (Y direction) in the drawing. . In these
drawings, an area C1 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 clectro-optical material to which a
vertical electric field, i.e., an clectric field perpendicular to the surface of the substrate, is
applied, between the pixel electrode and the opposing electrode facing each other, the
operation failure caﬁ 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 prob]efn of
décreasing the contrast ratio.

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 pi

el pitch)\such horizontal electric

A .. .
m/glghe precision electre~pptical

(uéﬂ" \or
In the aspect shown in FIGs. 10 and 11 of the secondlembodiment] a step caused

by the height of the non-buried portion 352aNB is formed

field increases, and thus this poses a serious proble

device.

€n the pixel electrodes 9a
(that is, the édjacent 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 C1 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 edv

where the horizontal electric field is generated,
it is possible to p ventﬁ:bad orient

of the liquid crystal caused by the horizontal
clectric field. F €, 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

where the horizontal electric field exists. Therefore, the influence of the horizontal
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clectric field on the liquid crystal layer 50 can be reduced.

g method has been

Further, in the above description, the 1H inverse

explained but the present invention is not limited tog1 g method. For example,

1S inverse driving method of inversing the voltage polafity 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
voltagé polarity may be employed in the present invention as the inverse drivinkg'mrethod
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 voliage

10  polarity applied to each pixel clectrode has bee cloped and can be applied to the

present invention. \ov1

Further, in the s ond€mbodiment, as wn in FIG. 2, the aspect in which the

narrow width portion 34 ormed to extend through the center of the first gap
9a has been explained. However, the present
15 invention is not limitedto s h€onspfuction. 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 3G1 or 3G2 shown in FIGs. 8 to 11 may be
g forrall

d ina combmgnon For example the construction shown in FIGs:-14 and‘lﬁ T

may be employed. - FIG. 146 gxew W xllustratac

20  another aspect different from that in FIG. 2 mmoove 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 sectjonal view taken a]oWﬂﬁ 14.
FIG. 14 is similar to F1Gs. 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 3G1' formed on the TFT
array substrate 10 and a broad width portion 361a is formed to protrud%nly downwardly

in FIG. 14. In this construction, the narrow width portion 362a.0f the-scanning line 360a

is formed from the upper portion in the drawing’as see{?::)m the er of the first g@
and thus the narrow width portion 362a is formed to be positioned right below the contact
hole 85 for connecting thé pixel electrode 9a and the junction layer 71.  Further, the
narrow ‘width portion 362a is forrﬁed to be entirely buried in the groove 3G1"

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 3G1'.  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 insulatipg-{ilm 43.

Ins ch(c,o?l;t ction 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 possibi]ity ofa

disadvantage in that the contact hole 85 may be fprmed,on the vertex or on the ridge of the

o~
step. The present construction overcomes s hfirawpAck.

_//_
The above effects cap be understood from the following point of view. That is,
in the sec ndgmbodim

groove, and thus a step due to the height of the scanning line does not substantially appear

, since the whole or a part of the scanning line is buried in the

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 becaiﬁven when the
' 2
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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-

1\;1 e TS / - (“S.pv"
_th&n of the present xnventloim%exp]amed@nh ( e
161019 FIG. 161sadaag;as;.nanhn_samr_puxpose—as-F}Grﬁénd‘ '

Furthermore, reference numerals- Gs. 16 10 19 indicate the same elements as in FIGs.
110 15 referred 1o in the above description, when they indicates substantially equivalent

elements. - J\U{
e oErmbdim

broad width porfi

In the , as shown in FIGs. 16 to 19, a data line 6al includes a
aW of which a portion overlapping the TFT 30 is formed locally
broad. Further, a width W1ofa 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 6aW in the data line 6al (in paﬂicu]ar, see

 FIG. 17). ‘Second, the width W1 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
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1a' of the semiconductor layer 1a is positioned almost at the center in the width direction

of the broad widih direction 6aW and almost at the ceme: in the width direction of the
scanning line 3a. Furthermore, in tht thirdfembodiment, 45 shown in FIGs. 16, 18 and 19,

the broad width portion 6aW of the ormed continuously from the portion

overlapping the TFT 30 to the portion in which the contact holzﬂi
semiconductor layer 1a of the TFT and the data line 6a is provi
arranged in a matrix shape. In addition, in ll/h)rd(mbodlm

19, the light-shielding film 23 is formed or\the op

_one-by-one lattice of the light-shielding film 23 is greater than that of the broad width

portion 6aW.
In the electro-optical device o i i constructed like the above,
the following effects can be obtaine isAfiTst, 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 d]fflcu]l for the light to enter the channel area 1a' of the TFT 30, and thus
e ced e -

the light leak current /Can bem‘i.

In particular, in the thirdéﬁbodimem, the broa‘d width portion 6aW of the data
line 6a Valso exists on the TFT 30 while overlapping the capacitive line 300. In tﬁis case,
on the TFT 30, the light-shielding ability corresponding to the integrated value of their 7
transmittances can be obtained. Further, since the channel area 1a' of the semiconductor
layer 1ais positibned 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 abiiity can be enhanced.

- : N ‘
Second, in connection with such excellent light-shielding ability, in the third @xee Wp_‘—o"y

embodiment, as described above, the width W1 of the protruded portion 302 of the
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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>W1, WS>W6).  According to this, the light entered from the upper portion of the
TET 30 is first shielded by the light-shielding film 23 and is further shielded by the broad
5  width portion 6aW of the data line 6a. Furthermore, although passing through the broad
width portion 6aW, the incident light is.next shiel fj&{ by the protruded portion 302 of the

L tNwT
.capacitive line 300. In short, in thg¢ thirdfembodiment] since triple light-shielding is

implemented, it becomes more difficult Torythe light to enter the TFT 30.

Third, in tb¢€ third €mbodiment; The broad width portion 6aW of the data line 6a is

10 formed continuou ¢ 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 provided fer e
conne#ityg e semiconductor layer 1a of the TFT 30 and the data line 6a as described
above, the capacitive line 300 cannot be formed in the portion. However, in t third ereenPlos
embodiment, in the formation position of the contact hole 81, the broad width poriion
15  6aW of the data line 6a exists similarly to the upper portion of the TFT 30. Therefore,
deterioration of the light-shielding abili’ly caused by the absence of the capacitive line 300
can be compensated by ¢ iﬁxistcnce of the broad width portion 6aW. In this connection,
as in the'third mf;cﬁ;i 7according to the aspect that the broad width portion 6a is
formed coniinuously on the TFT 30 and on the formation position of the contact hole 81,

20  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.
e e vP\ort

lhirdgmbodime (_hwcombination of
ight incidence toThe channel area 1a' is drastically

decreased, and the generation of the light leak current in the TFT 30 and consequently the

As described above, in t

various effects, the possibility o

25  generation of the flicker and the like on the image due 1o the light leak current can be
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T
effectively suppressed./ ?

' (The whole construction of the electro-optical device)

The whole construction of the eleetro-optical device according to the W
o

embodiment constructed like the apove wiH¥s plained with reference to FIGs. 20 and

5 21. Further, FIG. 20 is a plan view of the TFT array substrate along with the respective
\Foé

elements formed therW‘r e opposing substrate 20 side, and FIG. 21 is a
sectional view taken along.a.]in(H-H' in FIG. 20.

In FIGs. 20 and 21, in the electro-optical device according to the pre/Se/nt ety

!

embodiment, the TFT 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 substrate 20 and the TFT array substrate 10 and the
: . —~ A_‘E»i"' 30e

, e
opposing substrate 20 are ﬁfixcd to each_othef by.means-of a sealing material 52

provided in the sealing area positioned around the image display area 10a.

| 67 Srivivg
In the outer area of the sealing material 52, a data line drive circuit 01 67 drivikg

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 a ne side of the TFT

array substrate 10, and scanning line drive circuits 10 M‘é;ovmg 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. |

20 Further, if delay of the scan signals supplied to the scanning line 3a does not
matter, the $canning 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 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 TFT array subsixratre 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.

In FIG. 21, after the TFTs for switching pixels, or wiri £ ch as the scanning
lines, the data lines are formed on the TFT array substrate 10, and the oriented film is
formed on the pixel electrodes 9a. In addition to the opposing electrode 21, the oriented
film is formed on the uppermost portiog of the opposing substrate 20. Further, the liquid
crystal layer 50 jg’Compesed of the liquj 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 TFT array substrate 10, in addition to the data line drive
circuit 101 and the scanning line drive circuit 104, a sampling cifcuit fQ'rég;%ly  Amage
signals to ghe plurality of data lines 6a at a predetermined timing, a precharge circuit
snpprecharge signal of a predetermined veltage level to the plurality of data lines
prior to the image signéls, an inspection circffit R inspectifg thk quality or dcfecfs of the
electro-optical device durfng production thereof of in shipping thereof and the like may be

formed. ewew@\d"

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

. ; 3
the whole construction thereof, in particular, the optical construction ther @Lh(
exp]aine@(}. 22 is a diagrammatic sectional view of the color display device of

a projection type.
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In FIG. 22, a liquid crystal projector 1100 ghat is an example of thg color display
9 P walw}\d 1 '\\'\(ivw
device of a projection type in the fesentfembodim

in which the
Nr—é»ﬁ-@-s
TFET array substrate, and furthefc-empr—i-sglhe tive Jight bulbs 100R, 100G and

modules including the liquid cry rive circuit is mounted on the
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 b@
ree mirrors 1106 and two dichroic mirrors 1108 and guided 1o the light bulbs 100R,
100G and 100B corresponding to the respective colors, respectively. At this time, in
A refT (gl

10  particular, in order to p evem@e light loss ed 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 100R, 100G-and 100B are

synthesized again by a dichroic prism 1112, and then are projected as a color image to a

2 tecti ’
15  screen 1120 through a projecting lens 1114. plort pva'
L e 2
The present invention is not limited to the above-descijbed e(mbodime 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

20  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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ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

R GROUND OF T | adedd

T T o e "“
_BACKGROUND OF THE INVENTION ™~~~

S

1.  Field of {4 invention v

The present invention relates to an electro-optical device capable of performing
Ne Mue-tcon alse rdaied : Meorforaog sak oR eledve —

active matrix drive anff 10 an electronic apparatus hai device: of el
’

2. Description of the ﬁ:]ate(ﬁr Qe ) *ch ‘Uxi Mu,dg(s \Vu:luoov-?
W-opﬁca] device Wbslralcs

constructed to sandwich an electro-optical mate@ch as a liquid cryst ercbetween
and electrodes provided in each of the pair of substrates fs{;;;lyi electric field to
T

o

the electro-optical matérial is e e electrodes are used ¥t appl 3 electric
g
field to the electro-optical material to vary the state of the material. According to sich aa

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 ;éalg'ze desired image display.

e

7 (O . o . .

Moreover;méectro-ophcal dexfi/ces, by providing pixel electrodes arranged in a
- S . - .

matrix shape, thin-film transistors (hereinafief refer®#lo# "THI™) connected to the

respective pixel electrodes, and scanning lines and-dafa Tines 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; i afactive 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
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the light transmittance.
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<UMMARY OF THE INVENTION RS ey A
However, in wm)%k(c‘ﬁglmal devices, therc reéc-ﬂlo g problems.

5  That s, for an electro-optical device capable of performi

the above activg matrix drive,

1
it is required 1o precisely drive the TFTs. Howgver ,fd precisely(drive t FTsisa

dlff!cu}t task while satisfyjig the high precision and miniaturization requirements imposed
. cu&(
M /iec/trgoptrca’l device.
@ FT cam.pnsa( a semlconducmr 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 Jeast a part of
the channel area of the semiconductor layer. By applying or not applying the electric
field 10 the channel area in accordance with the current applied (or not applied) 1o the gate
electrode, the current flow can be controlled.

At this time ]eng1 Eft;:e ch nne] area, g€
«

15  width thereof, reérbe Jas channe] fh" that is, the size of the channel area is, is

¢ as "channel length” ora

. & .
xmporta]}.t’% deter 'nhﬁl € characteristics of TFTs. Further, an arrangement of the
{

gate e]eclrode ont nEe &ixs also a very important factor. In this regard,

<
-
Geﬁ*'-eﬂ-ﬂggally, a conduchve member e]ecmcal]y connected to the scanning line or a

can
]me waS used as the gate electrode.  However,

member constituting a part of the scanni

and the,channel area.
(g A N
¢ arrangement of the channel area (or

20 there are problems in arranging the scanni

In shor, ifis required to realize a suj

TFT) and the scanning Tin€ (or gate e]ectrode)/whi}e realizing the high precision required
g \,.c/\e;‘:.@'\\ e (cf“c
in the electro-optical devices. Further, it'igrequimd’io realize the difficult task of

precisely operating the TFT constructed as such.

o T i e e

25 For example, it is not sufficient to®lrive the e}eclro opﬂca] dev;ce@y by the ’Izl‘)
4
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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 TFT, there is a disadvantag(_@

ifed to prevent the light leakage current which is generated by the light

ing 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 Speciﬁca}ly, from
the pixel electrode. However, since this should be realized while satisfying the

e ——
requirement of high precisi’o’n/i’};:;s a further disadvantage in that the above

. [N
10 arran emem/admslmeni@ore difficult an—emﬂ-:fferm task. °
y ! WAV SRR v
The present invention isgaade-inconsiderationroftheabevt problems,

-
memtﬁ%rmm providcsan electro-optical device

capable of easily adjusting the arrangement of a gate electrode and a scanning hn

capable of precisely driving TFT and an electronic apparatus cqm.pu.sm{he e]ectro’\?'
o o

15 opl;cal device.

In ofder togglve Ove problems, the electro-optical device of the present
invention ee-m-pﬁ-fg, c‘)n a substrate, scanning lines extending in a predetermiﬁed 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

20  pixel electrodes formed correspondingly to the thin-film transistors, whesein ]ﬁe r¢spective
scanning line has a broad width portion as a gate electrode in a portion Tacing :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 sui)p]ying scan

signals and image signals to the thin-film transistors through the scanning lines and the

25  datalines, 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 ﬁave 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 betw he channgl area

1 the thin-film transistor) and the scanning line
than in the |

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 1?6 thizjfi]m transistor
or © (9]

or the channel area can be prevented as much as pOS§-i‘I;ieﬂrldcr the above-deseribed

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

clectrode while satisfying the high precision requirements of the electro-optical devices.
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Further, this structure renders a gpod 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 1o 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.

Further, in the present invention, "broad width” means that it is broader than the

width of the "narrow width portipatgnd "narrow Width'y means that it is narrower than the

width of the "broad width portion”. In nd narrow degree of "the broad

width portion” and the "narrow width portign" is determined in accordance with the
aﬁi SPace
relative relationship bctweeww real width of the broad width portion

-or the narrow width portion can be adequately determined theoretically, experimentally or

b@u]ation.
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 1his aspect it is possible 16 form the scanning line relatively easily

having the br‘(‘)fgdw\mdth porhon and the narrow widih portion. More specifically, for

example, b@}:loymg tf[e knownﬁmio]nhography and etching methods wnh 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.

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
pertion 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
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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~directi0na}]y in
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 cha‘nnel 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.

Further, like the above, according 1o 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 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 jon implantation process after forming the broad width portion to be the gate

electrode.

In another aspect of the electro-optical device of the prcsemw pi,;:fc/
electrodes are arranged in a matrix shape and the channel areag are (formed in >
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.
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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, accordiné 10 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 Jong gap extending through a space between pixel electrodes sandwiching the data

line and being adjacent to each other are intersected bn view. By spth G-

width portion as the gate clectrode 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 posrsible to secure the
adequate channel ]ength 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 portjon of the scanning line
extends through the space between the adjacent pixel electrodes but does not exist at the
center theﬁgﬁanéis‘fﬁfn’éﬁﬂc’. positipn deviated from the center thereof.  As a result,

o @ ez g ,,R/
firsx;’f}:’e iﬁprwcmﬁ%e uality-ef-th€ displayed image can be obtained, especially for
the liquid crystal display device that is an example of the electro-optical device, and the
reason thercof is as follows.

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 nonuniformity is different from each other in the portion associated with
the rubbing up convex poﬁion (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 geﬁcra!c nonuniformity in
thé 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 1o result in the operation failure of the electro-optical devices. Inthe
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 Itis 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 1s possible to form ahﬂost only half

20  inclined surface of the convex portion on the area corresponding to the first gap, that is, to
form bnly the pénion 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
cffectively shield only the porti'on associated with the rubbing-down, that is, to effectively
shield the corresponding portion of the convex portion to be most influenced by the

25  nonuniformity.
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As a result, according to the present aspect, since the operation failure of the @Qy‘f“y
of “

electro- opncal dev1ce caused by nonuniformities can be substantially préme 7 and the

portion of the convex portion associated with the rubbing-up, which is not affected by

nonuniformities, is able 1o transmit the light contributing to the image display. Thus, it is
AN

//
5 possib]ng‘é of pixel, that is, to provide a brightened image
display. As aresult, according to the present aspect, from the above-mentioned point of

view, 1W3‘disﬁﬁy image can be obtained.

Further, by forming the narrow wid ion at the position deviated from the

center of the first gap, it is also possible im.p;eu(the degre reedom in designing the
vd/
i

red
10 e]ectro-opnca] devices and to more effectively péinl( ght from entering’the thin-film

transistor. The reason thercof 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 wi@h as the capacﬁive 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 desién is increa;ed.

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

20 ° 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 gmall. Like the above, since the gate electrode can be arranged at a position
advantageo s’%gireamw 1212 light-shielding ability regardless of the position of the
scanning Iaw-gmghe;;anning line can be arranged at an arbitrary portion in the gap.

25  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
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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.
' According 10 such construction, the channel area is formed at the position farthest
from the adjacent or opposite corners of the electrodes in accordance wik the above-

2 s pace
sed.ﬁhat is, it

described method, when four pixel electrodes are considered to b

becomes very difficult for light to enter the channel area.
10 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 pantially 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 revenledég]i(cr. T:at is, the
surface can be leveled very well.  Then, if the surface of the 1S 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.

20 Therefore, according to the present aspect, since the possibifity of bad orientation can be
decreased and the light leakage caused by the bad orientation canb be markcdlw
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 grdove and extending along the scanning

25  line and a non-buried portion not buried in the groove and extending along the scanning
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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.. The bpth of the buried poniqn arid/t/h/c,nof-bﬁriecjs g‘(‘)‘r‘t‘iﬁn
extend along the scanning linkand the base of the pixel e}ccl;,ede @W
the scanning line due to the presence of the non-buried portio;x.;—”

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 pos‘sibi]ily 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 VIikc, the above-described effects of Jeveling cannot be obtained by
the non-buried portion. However, the following advantages can be obtained.

_to the present invention, for the purpose
(/W §fusms .
increasing the devie€ life and reducing

or flicker of the displayed image, a method of dividing the pixel electrodes

First, in electro-gptical device accordin
e 59 eNg

P c ,
of pre(c';ling eterioration-of the liquid cr

1al,

into two groups and then inversely driving them in se?arate 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 clectrode group to be inverge]y 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—drzlﬁj (ii) the adjacent pixel -
2> 3

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 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

direction along another scanning lineadjacent to the agz onijﬁannéng line are driven with
- ©

-—""I»—’/’

. r e :
an inverse polarity to the Sne polarity (s‘e-eai-}e('l}-l inverse driving"). > 7

However, in this %baw_een the p;}gﬁl,ﬂlectredcs“ﬁap"c‘ém cach 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
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 1o 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,
the convex portion formed on the base of the pixel clectrode along the scanning line has a
distinct significance.

That is, first, when the edge portions of the respective pixel electrodes are formed
tobe pésilioned on the step, the veﬂica{e]ectric field generated between the respective
pixel electrodes and the opposing electrode is intensified compared to the horizontal
electric field generated between the adjacent pixel electrodes (in particular, the pixel
electrodes inc]uges in té%'gigﬁrent pixel electrode group). That is, since the electric field

general y/ﬁnensiﬂes as distance between the electrodes becomes shorter, the edge

portions of th€ 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
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generated between the adjacent pixel electrodes (in particular, the pixel electrodes
e S face”

includéd in Adifferem pixel electrode group) is weakened by the presence of the step in
aCCQMﬁMOMtam, 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 e]éctro-oplica] material can be
reduced. Therefore, the operation failure from the electro-optical materj ch as the
bad orientation of the liquid crystal by the horizon1al electric field caused by the inverse
driving method, can be reduced. At this time, as described above, the edge portions of

the pixel electrode be or not be positioned on the step and may be positioned on the

inclined step or o osf vertical side surface thercof.

In addition, since the light-shielding film fg(g eth@ the operation failure
caused by the electro-optical material, can be formed small, it is also possible 1o increase
the opening ratios of the respective pixels without having the bad image Adisplay, caused
by the light leakage, generated.

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-buriegﬁzﬂio the generation of the

-

In another aspect of the electro-optical

NP

electrode on a pixel potential side cons mtaﬁ a

horizontal electric field can be

ice of the present invention, a capacitor
rage capacitor connected to the pixel
electrode and afcapacitive line having capacitor electrode on a fixed potential side

frow

the pixel potéhu'al side through a dielectric film, may bewr; .

line has a main line portion extending along the scanning line and a portion extending

arranged constituting the storage capacitor arranged opposing the capacitor eIectr%
ve
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along the data line, and a width of the portion extending along the data line in the

capacitive line is eqﬁal to or broader than that of the data line. W Sp“"/
According to this aspect, since the storage capaW fistruction such
that the capacitor electrode on the pixel potential side and the capacitor electrode on the
5  fixed potential side are arranged opposite 1o 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 capaéitive line can be realized as described above,
from the point of view of the whole device, the narrowness of the capacitive line and

—
further narrowneéss of the storage capacitor can be accomplished, and as a resul, it is

possibTe 1o improw¢the c;penin io. 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  onthe surface, it may a ,ari bea contradiciion, bﬁl the broad width and the narrow

width should be determinedfrom the relative relationship betweén 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 in
the broad width and narrow width described above or the "broader than" to be described in
20  the present invention, the discrete values of the width can be adequately determined

theoretically, experimentally, experientially orQ meanzofsimblation. e

Further, according to the present aspect, it is possible to _effectivél/; prevem(

light from entering the thin-film transistor,g’n particular the channel area thereof,
g ‘ .. . .
compared 10 the ghnwentionalart, as wel btaining the above-described low resistance.

25  This is because, as described above, although in the conventional art, the light reflected
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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 problem h as the crogs — p)
Lokl (>

prevalent in the CWfican be reduced M
Tesistance of the capacitive line. Further,’fﬁ%n%}mli ght 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 portioh extending along the data line
exists in the capacitive line, the area of the storage capaéitor can be increased. This
markedly contributes to the image display having high quality.

Fuﬂhermc;re, in order 1o more effectively accomph;sh 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
Jaminated 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 caﬁ be employed.

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 gortion formed broad in the data line.
; o-
By fuchfon

line is formed locally broad. Then, the width of the portion formed broad is equal to that

ction, the portion overlapping the thin-film transistor in the data

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 capacitive line all formed broad are

positioned on the thin-film transistor. Thus, the light entered from the u‘fr per portion of
[ =4

the thin-film transistor can be more securely teventedr™ ~
More specifical]y; for example, when the capacitive line is made up of metal
5  baving a high melting point, the capacitive line can independently have the light-shielding
ability that the transmittéﬁcc thereof is about 0.1% (2 or more in OD (Optical Density)).
However, if the silicide forming proéess is performed on the capacitive li

ne, the fa
be l{etdol_xgiik

T more may be

composition thereof is varied and thus the light-shiclding ability

this case, only the light-shielding ability having the transmittance

10  obtained.

However, ip-the present aspeci, the data line overlapping the capacitive line
rﬂ‘w 28 o:;?&
ilm having a high melting point is fur@ /Cl/,l.f

orming the light shielding of the thin-film transistor

construction
overlapping the capacitive line and the data line is employed, the light-shielding ability
15 cormresponding 1o the added value of these transmittances can be obtained.  For Vexa,x\nple,
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
20 thatofthe porﬁon not formed broad in the data line.
Also, a portion overlapping the thin-film transistor in the data line is formed
Jocally 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 porticn formed broad in the data line.

25 According 1o 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 egtered from the upper portion of the thin-film transistor can be more securely
L '

p vemed./Q‘fw c

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. Thatis, 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, al 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 electrf)—optica] device, orina projc&gpe display dc'\/@:ch as
a color-displayable liquid crystal project Comprising a“plura]it ectro-optical
devices, a light emitted from other electro-optical device and generated by returning to the
electro-optical device is reflected by the data line 1o thereby prevent the stray light from
being increaséd. is is because the portion of the data line formed broad is relatively
narrower thaq the€apacitive line.

In this aspect that has the data line ﬁaving 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 lipe, :
ole Es/r>c<o

¢€rlapping th€ thin-film transistor.

the data line may be constructed such that the

CuYg Yo the thin-film transistor is formed

broad in addition to the portio
From this construction, even when the capacitive line as the ]ight-shie]aing 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.
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- Alternatively, for cach thin-film transistor, the data line is formed continuously |
broad from the poﬂién overlapping the thin-film transistor to the portion in which the
contact hole is proﬁded.

From this construction, the light shielding of the thin-film transistor can be more
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
forming them continuously broad- as in the present‘vaspect, since the area 1o 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
film formed on the another substrate may be furthef eem‘pn&eﬁ,/agg?}yg\%nfj 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 Jaminated structure of the light-shielding film, the data line and the capacitive line in
the order fromrlhc 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 ]ight»shie]dihg
film reaches the data line and the capacitive line, the data line and the capacitive line can

be expected to perform the above-described light-shielding function. In short, according
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to the present aspect, it is possible

and to reduce the generation of the ight Teakage.
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 mat@ch as chrome or chrome ox(iﬁnd a light-reflecting mal%aé)
2

such as aluminum. Q )
: )

An electronic apparatus of the present invention z{y <compret the abouet

10 . described electro-optical device (including various aspects).

S Accordinf xoihg elecironic apparatus of the present invention, for example, since
- - M - . - 3
it ccmpu.u(s the el =Optical device capable of adequately adjusting the arrangement

Wween the thin-film transistor and the scanning line, it is possible to realize various
electronic apparati?uch as a liquid crystal projector, a liquid crystal television, a

15 ortable phone, an electronic pocket book, a word processor, a view finder type or monitor
p phone, P k, pro ; B Rl

b f&db’\‘
direct vision-type videotape recorder, a work station, a / video phone S terminal, and

a touch }m?e],cam’ﬁfeﬁaf;r?cise operation o
splay)®! ,69( C—)PO-’VMo

image

20  apparent from the follo

o et e

x‘f}” BRIEF DESCRIPTION OF THE DRAWEN_G.Q )

RS e

FIG. 1 is axcircuit diagram illustrating an equivalent circuit of various elements,

wirings and the like provided in a plurality of pixels, having a matrix shape, constituting
ar

1o anfembodiment ¢

25  animage display area in an electro-optical device accordi
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present invemion:.’

FIG. 2 is a plan view of a group of adjaaa@@ixe]s in a TFT array substrate

where data lines, %neg pixel electrodes are formed in the electro-optical device

e
according 16 an€mbodi of the present inventiony

FIG. 4 is a plan view illustrating only a shape pattern of the scanning lines shown

in flG. 2‘;

FIG. § is a diagza and i]]uslraté&anolher Q«K:Wf“’*’f
embodiment in which the arrangement of the scanning lines and the TFTs is different from
thatin FIG. 2, ' -

FIG. 6 is a plan view illustrating only a shape pattern of the scanning iines shown

in FIG. 5;

) p(
FIG. 7 is a sectional view taken WF}G. s, /(em e
FIG. 8 is a disg ; ilustratg® Fhother wtﬂ/‘/

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 groovesj'
F1G. 9 is a sectional view illustrating a profile of a narrow width portion of the
scanning lines shown in FIG. 8; VW Ny
F1G.10isa & } o i]]ustratok nother e»ad\@*//
embodiment different from that in F1G. 2 in that grooves are formed on the TFT array
substrate and a part of the scanning lines are buried in the grooves;
F1G. 11 is a sectional view illustrating a profile of a narrow width portion of the
scanning line shown in FIG. 10)' AW
FIG. 12 is a sectional view taken glong %T—T‘i

5
FIG. 13 Tag explaining the generation of a horizontal

(d ol 3 e Showerzs
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electric fie}d)' M A
W~ K ,
FIG.14isa ééaéam%#%&m&pwpem&ﬂ&%—andi]lustramvzé;othcr eszarf lory

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
5 first gap)‘

FIG. 15 is a sectional view taken a]ong‘a:’ciéT-T' in FIG. 14)'

o wer ) '

FIG. 161isa Willushat%ﬁomer M\V/
N~ '

embodiméntfh ’

shape of the data line is different frogm that in FIG. 2)';

FIG. 17 is a sectional view taken along-ai€s P-P' in FIG. 16;

10 FIG. 18 is a sectional view taken a]ong-a-l-i-n{ -Q'in FIG. 16"

4
FIG. 19 is a sectional view takep along aJiaa/R-R' in FIG. 16,
e,

FIG. 20 is a plan view whegitfie TFT array substrate of the cé(ﬁjo-optica] device
P lovt Wi
according to thekmbodiment e present invention is seef] from the opposing substrate

side along with the respective elements formed thereon;
9oy

15 FIG. 21 is a sectional view taken al /g ebmdH-H inTIG. 203

FIG. 22 is a schematic sectional view illustrating.a color liquid crysta]l- ; ojector
that is an example of a projection type color display apparat@wgf an

electronic apparatus of the present invention.

20

la SEMICONDUCTOR LAYER

1a' CHANNEL AREA

330a, 3304, 340a, $50a, 360a SCANNING LINE

331a, 331a), 3414, 35183612 BROAD WIDTH PORTION
25 332a_332:1-3499-352736 NARROW WINTHRPORFIEN
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5 9a PIXEL ELECTRODE
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16
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= ———et

=

present invention is appliedto a ]qud crysta] device.

15 First, a construction of a pixel part in the electro-optical device accordingto an P\"' 7

embodiment of the gresem inventi T ained with reference to FIGs. 110 4.

: S e -
F]g.lagl'u\)ws an equivalent circuit of s elements, wirings and the like in a plurality of

s-formed-imamatrix shape constituting an image display area 10a of the electro-

optical device. FIG. 2is a plan view of a grbup of a plurality of pixels adjacent to cach

20  other on a TFT amay substrate in which data lines, scanning lines, pixel electrodes,and the
like are formed. Further, FIG. 3 is a sectional view taken al galis}é,_A-A' i .2,
S
Further, in F1G. 3, in order for each layer and each member to have recognizable Si@.‘a
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.

25 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 pre entfembodime
0 fn(éo‘;nro]

formed, respectively, and data lines 6a supplied with image signals are electrically

pixel electrode 9a and a TFT, switching of the pixel electrode 9a are
connected to sources of the TFTs 30. Image signals S1, 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. »

Further, scanning lines 330a are electrically connected to gates of the TFTs 30 and
at a predetermined timing, scanning signals G1, G2, ..., Gn are pulse;]ike applied to the
scanning ]iﬁes 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 predetcrmined time interval, the image signals S1, 82, ..., Sn supplied from the data
lines 6a are writlen at a predetermined timing.

A predetermined level of the image signals S1, S2, ..., Sn which have been
written through the pixel electrodes 9a to a liquid crystal that is an example of an electro-
optical material arc maintained for a predetermined time interval between the pixel
electrode 9a and an opposing clectrode formed on an opposing substrate. The liquid
crystal modulates light by varying orientation or order of molecules according to the
applied voltage ]e@d thus it is possible 1o execute the gradation display. Ifitisina
normally-white mode, transmittance for the incident light is decreased in accordance with
the voltage applied in a unit of pi&?d if it is in a normally-black mode, the
transmittance for the incident light1s 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 exr%d from ;lbe electro-optical device.

eyl

uce. o
Inorder tofprevent the maintai

d image signals from being leaked, a storage

capacitor 70 is addedini parallel to a liquid crystal capacitor formed between the pixel
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electrode 9a and the 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 TFTs 30 and the 'M ained with reference to FIGs. 2 and 3.
E r L et aSt

First, the electro-optical device according to the preséntlembodiment, asShown in

P ‘\Ldyl.nd

FIG. 3 which is a sectional view taken a]ong—a—l—i-lg -A'in FIG. (cem-pxis%/a TFT H‘a‘f
substrate 10 and a iransparenl opposing substrate 20 arranged oppomm
array substrate 10 is made of, for example, a quariz 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.

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 procecsz-ﬁl as a rubbing process. The
pixel electrode 9a is made of, for example, a transparent conductive fﬂEch as an ITO
(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 procescgch as a rubbing
process. The opposing electrode 21 is made of, for example, atransparent fbuch as
an 1TO film. . 2

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.
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scanning lines 330a and the data lines 6a are intersected, TFTs

.25 .

Each scanning line 330a is arranged opposite to a channel area 1a'indicated by
oblique lines area extending from lower left to upper right in the semiconductor layer 1a
of a poly-silicon film and functions as a gate electrode. That is, in portions whege the

Sq(:;;'

ng lines 330a are

where broad width portions 331a (1o be explained later) of the sca

arranged opposite to the channel areas 1a' as gate electrodes are provided. In other words,
o1 :
TFTs 30 in the pres€ntfembodiment, ja-farticular, the channel areas 1a' thereof are formed

in intersecting ared plurality of pixel electrodes 9a arranged in a matrix shape.
The intersecting area means én 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

thereb n, are intersected.

ifically, 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 Jower-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 pixél electrode 9a shown on the lower-
right side of the plan vicw. Since the TFT 30 is formed at such position, itbis difficult for
an incident light to directly enter the channel area 1a' of the TFT.

The TFT 30, as shown in FIG. 3, has an LDD (Lightly Doped Drain) structure,
and @éhannel% Da’ of the semiconductor layer 1a where a channel is formed
by Wanning line which functions as a gate electrqde as described
above, an insulating film 2 having a gate insulating fifm ’fzs?%g’.;u]alfyz t

canning line

330a from the semiconductor layer 1a, a low-concentrafi trce area 1b, a low-
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- concentration drain area 1c, a high-concentration source area 1d and a high-concentration

drain area le.

Further, although it is preferable that the TFT 30 has the LDD strucft;;e" as show&s: P _:&i%‘.
in FIG. 3, the TFT 30 may have an offset structure in which impurities are{i)reveme Tom e
being infiltrated into the low-concentration Spu’r/c/e,;rea 1b and the ow-conc%ﬂ‘on—drain// "

area 1c, or may be a self-alignment type TFT ¥t infiltrathqg jafpurities at high

concentration using the gate electrode constitutin art of the scanning line 330a as a
.sGurce arga and
ary;

drain area. Furthermore, although, in the pr, senlémbodimcnt

mask 10 automatjcally form the high-concentratio e high-concentration

e TFT 30 has a single
gate structure where only one gate electrode 0 for pixel switching is disposed
between the high-concentration source area 1d 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 1a constituting the TFT 30

is not limited 1o the poly-silicon film, but gpay be made of ap amorphoug silicon film or a
cr \*&o&—,\ok/éiagdclcﬁ, or
monocrystalline silicon film. A'known mclhod)such as a pasting method can be
employed in formation oﬁhemr-//pyst:ﬂ]i&sﬂim‘ By employing the
monocrystalline silicon film for the semiconductor layer 1a, it is possible to promote a

high performance of the peripheral circuits.
tgeard s

In the présentlembodiment, e scanning line 330a serving as the gate

rtion serving as the gate electrode, that is, a portion facing the
channel area 1a' of the TFT 30 is formed broader than the other portion, as shown in FIG.

2. Thatis, 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 1a' 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
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15?@ |
wb\erd

esem(mbodlmem th

shape pattern of the scanning line 330a

In this connection, in the ‘oad width portion 331a is

lengthened from the narrow widxh i . That is, the broad width portion 331a
and the narrow width pomon 3@are mleorally formed.
5 formed, for example, by usmg a(nown photohthooraphy and € chmg, on the assumption
- thatapattern-having an-integrated-shape-332a(see FIG. 4) composed of the broad width-
portion 331a and the narrow width portion 332a is formed. Howéver, the present
invention is not limited to such shapé, and includes, for example, even shapes where the
broad width portion 331a is formed by connecting other conductive member prepared
10  separately 1o 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 1e of the TFT 30 and the pixel electrode 9a and a 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 showii in FIG. 3. B@
P,

storage capacitor 70, it is possible to markedly }

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 potential side.\ However, similar to the

- oL
etail Jatef, the juncti

20  capacitive line 300 to be explained i N layer 71 may be made of a

single layer film or multi-layer film ing metal or alloy. In addition to the function

as a capacitor efeCyode on the pixel potential side, the junction layer 71 also has a

ccting the pixel electrode 9a and the high-concentration drain area 1¢ of
the TFT 30 to cach other through contact holes 83 and 85.

25 By using such junction layer 71, evenzz/'f 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 while avoiding the technical difficulty

of connecting both layers to each other through one contact hole, so that aﬁ opening rati/o

of pixel can be increased.  Further, in opening the contact hole, it is helpful to pre(e;)tf /f’ 2;0}'

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 fixedpotential side. The

capacitive line 300 is formed overlapping an ar ﬁg?i‘é‘)o i¥gAhe scanning line 330a from
a plan view, as shown in FIG. 2. More specific e capacitive line 300 has a main
10  line portion extending along the scanning line 3304, a protruding portion protruded
upwardly in the Y direction along the data line 6a from a portion imersectipg the data line
6a and a constricted portion where the portion comresponding to the contact hole 85 is
slightly constricted. The protruding portion contributes to increase in the gfea fq:/v
form{\@e 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 po'&uch as Ti, Cr, W, Ta, Mo, and in addition to the func;ion as a capacitor

electrode on theTixed potential side of the storagexapacitor 70, the capacitive line 300 has

20  afunction as a light-shielding layer TFT 30 from the incident light on the

upper side of the TFT 30. However, citive line 300 mayr 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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areca in which the pixel electrodes 9a are arranged to peripheries thereof, and is electrically
connected to a potenliostati'c source to be a fixed potential.  Such potentiostatic source
may be a potemiosiatic sour h as a plus power source or a minus power source
supplied 10 a data line driv@;rcuit to be explained later, or may be a potentiostatic
source supplied to the opposing electrode 21 of the opposing substrate 20.

_ |
A dielectric film 75, as shown in FIG. 3/1s ﬁmstrucled of

con oxide film
such as a HTO (High Temperature Oxide) film o w 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.

In FIGs. 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 11a 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,

to be connected to a potentiostatic source so that the potential variation has no adverse
cffects on the TFT 30.
Further, a&ase insulating film 12 is provided below the TFT 30. In addition to
o)

the function & insuMting the TFT 30 from the lower light-shielding film 11a, since the

film 12 is formed onthe whole surfﬁE’Of the TET array s bstrate 10, the

’;_/" ~ 9( Cal /el

base insulating film 12 has a function ff preventingithe characteristi
A\

ariation of the TFT

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 1d and a contact hole 83
communicating with the high-concentrating drain area 1e, respectively, is formed on the
Scanning line 330a.

The junction layer 71 and the capacitive line 300 are formed on the firstinterlayer
insulating film 41, and a second interlayer insulating film 42 which has a contact hole 81
communicating with the high-concentration source area 1d and a contact hole 85
communicating with the junction layer 71 are formed respectively on the junction layer 71

and the capacitive line 300. W,?\orf

Furthermore, in (/be/presentémbodime y baking the first interlayer insulating

film 41 at about 1000°C,activatio ons injected into the poly-silicon film constituting
the semiconductor layer 1a or the scanning line 330a may be intended. On the other
hand, by not baking the seéond interlayer insulating film 42, relief of stress occurring in
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
(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 int?rlayer
( Sfac/
insulating film 43, or in addition to it, a groove, in at Jea$t one A) the TFT array s

10, the base insulating film 12, the first interlayer insulating f}

Page 212 of 395



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 of TFTs
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
important to determine the characteristics of TFTs. 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.

[0008] 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 arca. 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.

[0010} 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 formed 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.

[0011] 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
cach pixel electrode, that is, at the center position 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 allowing the channel area
to extend through a sbace 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 specifically, 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 arca 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 the 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 tranéistor) 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
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 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 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.

[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 aresult, 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, itis
possible to enhance the opening ratio of pixel, that is, to provide a brightened image display.
As aresult, 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 naﬁow 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 gafc electrode can be arranged at a position advantageous to
increase the light-shielding ability regardiess 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.

i0038] 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 "1H 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 field (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 compared-to 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 clectrode 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. 4

[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
aft. 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 1s increased. -

[6054] From the above, according to the present invention, the problems, such as
the cross-talk or burn-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—éhielding 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 formed broad is equal to that
of the portién 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.

[0060] 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. Ifthe
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] From this aspect, if it is assumed that the light is entered from another
substrate, the laminated structure of the Iight—shiclding 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. §;

[0085] FIG. 101s 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 nénow '
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

{0098] 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. 1is 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
arc formed, respectively, and data lines 6a supplied with image signals are electrically
connected to sources of the TFTs 30. Image signals S1, 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 G1, 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 S1, S2, ..., Sn supplied from the data lines
6a are written at a predetermined timing.

[0102] A predetermined level of the image signals S1, 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 pafallel 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 1a' indicated
by oblique lines area extending from lower left to upper right in the semiconductor layer 1a

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 lines 330a are arranged
opposite to the channel areas 1a' as gate electrodes are provided. In other words, TFTs 30 in
the present exemplary embodiment, in particular, the channel areas 1a' 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 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 an
incident light to directly enter the channel area 1a' of the TFT.

[0111] The TFT 30, as shown in FIG. 3, has an LDD (Lightly Doped Drain)
structure, and includes a channel area 1a' of the semiconductor layer 1a 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 1a, a low-concentration source area 1b, a low-
concentration drain area lc, a high-concentration source area 1d and a high-concentration
drain area le.

[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 1b
and the low-concentration drain area lc, 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 1d 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
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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 1a, 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 1a' 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 1a' 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 331a 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 a shape can be
easily formed, for example, by using a related art, later developed, or known
photolithography and étching, 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
332ais 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 separately to the narrow width portion 332a, within the scope
thereof.

[0115] 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 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 layefs 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 aﬂoy, 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 11a. 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 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 fiim 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 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 11a, 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—cbncentration source area 1d and a contact hole 83
communicating with the high-concentrating drain area le, 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 1d 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 1a 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.

Page 233 of 395



22

[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 331a and the narrow width portion 332a and the broad width portion 331a is formed
to face the channel area 1a’' 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] 1In 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 arranged positions of the
channel areas 1a', 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 thé 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 pprtion 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
1s reflected or absorbed by the light-shielding film and thus does not contribute to the image
display. -

[0135] At this time, it is impbrtant 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 501a" 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 3314a’,
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 exemplary embodiment, as shown in FIGS. 5 and 6, it
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can be understood that the broad width portion 331a’ 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 line 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 channél 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 clectrode (or the scanning 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 Z1-Z1' in FIG. 8 corresponds to a section taken along plane
Z1-Z1'in FIG. 9. Further, FIG. 11 corresponds to FIG. 10, and a section taken along plane
Z2-72'in FIG. 10 corresponds to a section taken along plane Z2-72' 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.

Furthermore, 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 3Gl is formed along the scanning line in the TFT array substrate 10. The
groove 3G1 is formed except for the area where the semiconductor layer 1a of the TFT 30 is
formed. By this construction, 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 is
formed such that the narrow width portion 342a thereof is entirely buried in the groove 3G1
(see FIG. 9).

[0147] In another aspect of the second embodiment, as shown in FIGS. 10and 11, a
groove 3G2 is formed on the TFT arrdy substrate 10, similarly to the groove 3G1. However,
preferably, a groove 3G2 is formed slightly narrower than the groove 3G1. 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
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 6G1 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 6G1. In addition, the semiconductor layer 1a is also formed to be entirely buried in
the groove 6Gl.

[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 of both of the scanning lines 340a and 350a are buried in the grooves
3G1 or 3G2, 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 6G1.

[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 "1H inverse driving method" is explained below.

[0153] First, as shown in FIG. 13(a), during the time to display image signals for
the n-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 1H 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 1H inverse driving
method is more advantageous than the 1S 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 1H
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 C1 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 contrast 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 C1 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 C1 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 décreased by the amount of replacing 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 1H inverse driving method has been
explained but the present invention is not limited to such a driving method. For example, 1S
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 clectrode 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 3G1 or 3G2 shown in FIGS. 8 to 11 may be
formed 1n 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 3G1' 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 formed to be entirely buried in the groove 3G1'.

[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 3G1'. 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 formed 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 W1 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 6aW in the data line 6al (in particular, see FIG.
17). Second, the width W1 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 1a' of the
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semiconductor layer la is positfoned almost at the center in the width direction of the broad
width direction 6aW 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 1a
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
6aW 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 1a' of the semiconductor
layer lais 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 W1 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>W1, WS>W6). According to this, the light entered from the upper portion of the TFT
30 1s first shielded by the light-shielding film 23 and is further shiclded by the broad width
portion 6aW 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 1a 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.
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 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 1a' 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 10a. Further, at least one corner 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 formed 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 inclﬁdes 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 100R, 100G and 100B
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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 100R, 100G and 100B
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, arelay lens 1123 and an exit lens
1124. Then, the light components corresponding to the three primary colors modulated,
respectively, by the light bulbs 100R, 100G and 100B 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

1. Fieldof 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.

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 clectric field to
the electro-optical material is known. The electrodes are used for applying an electric
field to the clectro-optical malcriél 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 possiblie to control the
light transmittance and thus realize desiredv image display.

Moreover, in electro-optical devices, by providing pixel electrodes arranged in a
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 eolumn 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

possible to control the electric field applied to the clectro-optical material and to control
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-the light transmittance.

SUMMARY OF THE INVENTION

However, in conventional electro-optical devices, thcrc are 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, to precisely drive the TFTs is a
difficult task while satisfying the high precision and miniaturization requirements imposed
in the recent electro-optical device.

TFT comprises a semiconductof 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
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
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,
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 scaﬁning line (or gate electrode) while realizing the high precision required -
in the electro-optical devices. Further, it is required to realize the difficu]t task of
precisely operating the TFT L‘onstructed as such.

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 difficu]lt to accomplish the above arrangement or adjustment in”’
connection with various other elements.  Further, in the TFT, there is a disadvantage in
that if 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 gpecifically, 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 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 TFT and an electronic apparatus comprising the electro-
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 predetermiﬁed 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
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

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 havc 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 arca (or the thin-filni transistor) and the scanning line
than in the conventional art. 7

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 th;: pixel clectrodes when four pixel electrodes are considered (because it is
farthest from the light transmitting area). Howcvér, 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
électm—opﬁcal devices. Further, in this case, the light incidence to the thin-film transistor
or the channel afea 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

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
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
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.

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 casily
formed.

In anothér 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

narrow width portion. Even in this case, the broad width portion can be formed
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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—directiénally in
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
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
Eroad width portion is provided in the portion to be the channel arca 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 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 ele;:tro-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
clectrodes sandwiching of the scanning line and being adjacent to cach 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.
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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 areé 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 a plan view. By such
configuration, it is difficult for light to enter the channel area.

Further, along with such opéralional 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 f)ossibie 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.

Agcording 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 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,l and the
reason thereof is as follows. |

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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particulaf, 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
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
the portion associated with the rubbing up convex portion than in the portion associated
with the rubbing down cohvex portion.

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.

Itis 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.
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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
ponioﬁ 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, itis
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. 7

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
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 thercof.  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 1o 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

* 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, s.ince 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.

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
arrahgemcnt of the scannin\g lines.

In this configuration, further, the broad width portion x;nay be formed at the center
of the second gap in the intersecting area.

- 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, whén four pixel electrodes are considered to be used. That is, it
becomes very difficult for light to enter the channcl 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 panially 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
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 contébting the oriented film can be maintained 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,
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-buricd 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
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linc 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—bﬁricd 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.

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.

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.

First, in electro-optical device according to the present invention, for the purpose
of preventiﬁg 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 eléctrodcs
into two groups and then inversely driving them in separate cycles may be employed.
That is, a plurality of pixel electrodes inclqding 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
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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
direction along another scanning line adjacent to the any one scanning line are driven with
an inverse polarity to the one polarity (so-called "1H inverse driving™).

However, in this case, between the pixel electrodes adjacent to each other along
the data line, the horizontal electric ficld based on the driving voltages of inverse polarities
is generated. Such horizontal electric field may interfere the electric field (may be
referred to as vertical electric field in contrast to the horizontal electric field) generated
between the pixel ¢lectrode and the opposing electrode, and as a I’CSL;]I, 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,
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
clectric field generated between the adjacent pixel electrodes (in particular, the pixel
clectrodes 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
gcnbrates 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
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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
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 tield caused by the inverse
driving method, can be reduced. = At this time, as describéd above, the edge portions of
the pixé] electrodes may be or not be positioned on the step and may be positioned on the
inclined step or on almost vertical side surface thereof.

In addition, since the light-shielding film for concealing the operation failure
caused by the clcctré—optical material, can be formed small, it is also possible to increase
the opening ratios of the respective pixels without having the bﬁd image >display, caused
by the light leakage, generated.

As described above, according to the preseni 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.

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

line has a main line portion extending along the scanning line and a portion extending
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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.

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 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
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" 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
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 efféctive]y prevent the
light from entering the thin-film transistor, in particular the channel area thereof,
compared to the conventional art, as well as obtlaining the above-described low resistance.

This is because, as described above, although in the conventional art, the 1i ght reflected
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from the back of the data line and the like becomes a sfray 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 burn-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 lhé portion extending along the data line
exists in the capacitive line, the area 6f 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
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 s;xch as poly-silicon can be employed.

In this aspect, a porﬁon 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.

By such construction, the portion overtapping the thin-film transistor in the data
line is formed locally broad. Then, the width of the portion formed broad is equal to that

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 éapacitiv_e line all formed broad are
positioned on the thin-tfilm 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
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 Denéity)).
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.

Howe;/er, 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 1j ght shielding of the thin-film transistor by means of
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 accomplishéd.

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.

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.

According to this aspect, the portioh overlaj)ping 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.

Furthérmorc, in the present aspect, in particular, the width of the portion
cxtending 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 comprising 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 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
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

forming broad the data line for the contact hole.
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Altérnatively, 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
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
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
film [ormed 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 Iaminatéd 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 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 arc arranged in a matrix shape, the "light-shiclding
film" in the present aspect may be forméd in a stripe shape or a lattice shape to extend
through spaces between the pixel electrodes. Furlhcrmore, 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-
described electro-optical device (including various aspects).

According to the electronic épparatus of the present invention, for example, since
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
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

apparent from the following embodiments.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a 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 embodiment of the
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-present invention.

FIG. 2 is a plan view of a group of adjacent plural pixels in a TFT array substrate
where data lines, scaﬁning lines, pixél electrodes are formed in the electro-optical device
acgdrding to an embodiment of the present inven;ion.

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
that in FIG. 2. |

FIG. 6 is a plan view illustrating only a shape pattern of the scanning iines shown
in FIG. 5.

FIG. 7 is a sectional view taken along a line B-B' in FIG. 5.

FIG. 8 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 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
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.

FIG. 11 is a sectional view illustrating z;profife of a narrow width portion of the
scahning 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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clectric tield.

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 TFT array
substrate and the narrow width portion of the scanning line is deviated from the center of a
first gap.'

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 isa i)lan view when the TFT 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 thercon.

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
1a' 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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3G1, 3G1', 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 LAYER

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Now, preferred embodiments of the present invention will be explained with
reference to the drawings. In following embodiments, anb clectro-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 présent,invention will be explained with reference to FIGs. 10 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
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 a line A-A'in FIG. 2.
Further, in FIG. 3, in order for cach layer and cach 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 TFT 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 TFTs 30. Image signals S1, 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.

Further, scanning lines 330a are electrically connected to gates of the TFTs 30 and
at a predetermined timing, scanning signals G1, (§2, ..., 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 clements
for a predetermined time intefval}, the image signals S1, S2, ..., Sn supplied from the data
lines 6a are wrilten at a predetermined timing.

A predetermined level of the image signals S1, 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 intérval between the pixel
clectrode 9a and an opposing electrode formed on aﬁ 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. Ifitisina
normally-white mode, transmiitance for the incident light is decreased in accordance with
the voltage apblicd in a unit of pixel and if itisina normally-black méde, 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

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 specific construction of the electro-optical device in which the

above-described circuit operation is executed by using the data lines 64, the scanning lines

3304, the TFTs 30 and the like will be explained with reference to FIGs. 2 and 3.

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 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. |

As shown in FIG. 3, the TFT array substrate 10 is provided with a pixel electrode
Oa, 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.

The opposing substrate 20 is provided over the whole surface thereof with an
opposing electrode 21, and a lower portion of the electrode is proQided 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 sﬁch as
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 TFT array substrate 10 of the ‘
electro-dptical 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

clectrodes 9a.
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Each scanning line 330a is arranged opposite to a channel area 1a' indicated by
oblique lines area extending from lower left to upper right in the semiconductor layer 1a
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, TFTs 30 for switching pixels
where broad width portions 331a (to be explained later) of the scanning lines 330a are
arranged opposite to the channel areas 1a’ as gate electrodes are provided. In other words,
TFTs 30 in the present embodiment, in particular, the channel areas 1a’' 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
thréugh a space between adjacent pixel electrodes sandwiching the data line 6a
therebetween, are intérsected.

More speéifically, 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 corner of the pixel electrode 9a
shown on the upper—rﬁght 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 1a' of the TFT.

The TFT 30, as shown in FIG. 3, has an LDD (Lightly Doped Drain) structure,
and comprises a channel area 1a' of the semiconductor layer 1a where a channel is formed -
by an electric ficld from the scanning line which functions as a gate electrode as described
above, an insulating film 2 having a gzlug insulating film for insulating the scanning line

330a from the semiconductor layer 1a, a low-concentration source area 1b, a low-
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concentration drain area 1c, a high-concentration source area 1d 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
being infiltrated into the iow-concentralion source érea 1b and the low-concentration drain
area 1c, 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
gate structure whére only one gate electrode of the TFT 30 for pixel switching is disposed
between the high-concentration source area 1d 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 1a 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 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 1a, it is possible to promote a
high performance of the peripheral circuits.

In the present embodiment, for the gcanning 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 1a' of the TFT 30 is formed broader than the other portion, as shown in FIG.
2. That s, 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 1a' 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
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shapé pattern of the scanning line 330a is shown.

In this connection, in the present embodiment, the broad width portion 331a is
lengthened from the narrow width portion 332a.  That is, the broad width portion 331a
and the narrow width portién 332a are integrally formed. Such shape can be easily
formed, for example, by using a known photolithography and etching, on the assumption
that a pattern having an iniegrat¢d 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 shapé, and includes, for example, even shapes where the
broad width portion 331a is formed by connecting other conductive member prepared
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 1e 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 diclectric 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
capaciti‘vc 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

" function for connecting the pixel electrode 9a and the high-concentration drain area 1¢ 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 eéch other through serial
contact holes having two relatively small diameters while avoiding the technical ditficulty
of connecting both layers té 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
punchthrough in etching. '

The capacitive line 300 is made of, for example, a conductive film contéining
metal or alloy, and serves as a éapacitor electrode on the fixed potential side. The
capacitive line 300 is formed overlapping an area for fomiing 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 corresbonding to the contact hole 85 is
slightly c;)nstricted.r 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
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 thercof, 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-shiclding 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.

Furthermore, p'referably, 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 éotentiostatic 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.

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 cxample, 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. ;

In FIGs. 2 and 3, in addition, the lowexf side of the TFT 30 is provided with a
lower light-shielding film 11a. The lower light-shiclding film 11a is patterned in a lattice
shape, and as a result, the opening area of cach pixel is defined. Further, the opening
arca 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
cffects on the TFT 30.

Further, a base insulating film 12 is pmvidéd below the TFT 30. In addition to
the function for insulating the TFT 30 from the lower light-shielding film 11a, 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

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 1d and a contact hole 83
cobmmunicating with the high-concentrating drain area le, respectively, is formed on the
scanning line 330a.

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 1d and a contact hole 85
communicating with the junction layer 71 are formed respectively on the junction layer 71
and the capacitive line 300.

Furthermore, in the present 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 1a or the scanning line 330a ma); be intended. On the other
hand, be not baking the seéond interlayer insulating film 42, rélief of stress occurring in
the vicinity of the interface of the capacitive line 300 may be intended.

‘The data line 6a is formed on the secoﬂd 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 fi lni 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.

However, in place of performing the lcvcling\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
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interlayer insulating film 42, can be formed to buried the wirings such as the data line 6a
or the TFT 30 for performing the leveling 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
narrow width portioﬁ 332a and the broad width portion 331a is formed to face the channel
areaala‘ of the TFT 30, the arrangement between the TFT 30 and the scanning ]iné 330a
can be easily adjusted or determined.

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
requircment for effectively preventing light from entering the channel areas 1a' 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
il]ustrétes only a shape pattern of the scanning lines shown in FIG. 5, similar to FIG. 4.

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
arranged positions of the channel arcas 1a’, 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

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 rﬁbbing 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
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,
when the light-shielding tilm is provided only to correspond to the convex portion 501, it
may unnecessarily worsen the pixel opening ratio to de{erioraté 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 fhe
contrast ratio. In addition, the influence of the nonuniformity in the convex portion 501
may lead to the operation failure of the eclectro-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, rcfcrrcd to as a "rubbing-up portion
501a™) associate& with rubbing up the convex portion 501 (that is, the direction ascending

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 cach other.

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.

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
deviated from the center (see the two-dotted chain line in FIG. 7) between the pixel
electrodes 9a. That s, 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 consiruct 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 capacitivé line 300 and the junction layer 71 cérresponding
to the space between the adjacent pixel electrodes 9a, it is possible to effectively shield

only the rubbing-den portion 501b, that is, to effectively shield the corresponding

- portion of the convex portion 501 expected to be most influenced by the nonuniformity.

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

display, it is possible to improve the pixel opening ratio, that is, to maintain the bright

Page 279 of 395



10

15

20

25

FO07516

_ 34 ,'7

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
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 clectrodes 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’ caﬂ 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
deviated from the center line, by adjusting the width of the broad width portion 331a’, for
example, by broédcning only one side thereof or by broadening one side. thercof 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 FIGs. 5 and 6, it can be
understood that the broad width portion 331a’ is broadeﬁed toward only one side. ‘ Hence,
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', 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 impr(;ving the light-shielding ability, it is
possible to increase the dcgréc of freedom in an arrangement of wirings such as an

arrangement of the scanning line 330a' and to obtain the TFT 30 originally having a
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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

adequately adjust/detf\:rmine the arrangement between the channel area 1a' (or the TFT 30)
and the géte 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 -
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 clectrode (or the scanning line).

(Second embodiment)

Now, a second embodiment of the present invention will be explained with
reference to FIGs. 810 11.  FIGs. 8 and 10 are diagrams with the same purpose as FIG. 2,
respectively, and illustrates another embodiment different from that in FlG. 2inthata
groove is formed on the TFT array substratc 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,
respectively (FIG. 9 corresponds to FIG. 8, and a section taken along a line Z1-Z1" in FIG.
8 corresponds to'a séction taken along a line Z1-Z1'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 Z2-72'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,

- 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¢ qspect of the second embodiment, as shown in FIGs. 8 and 9, a
groove 3G1 is formed along the scanning line in the TFT array substrate 10. The groove
3G1 is formed except for the area where the semiconductor layer 1a of the TFT 30 is
formed. By this construction, 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
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 3G1.

However, preferably, a groove 3G2 is formed slightly narrower than the groove 3G1.
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—bﬁried portion
352aB is formed on the surface of the TFT array substrate 10.

Further, in one aspect and another aspéct of the second embodiment, as shown in

FIGs. 8 and 10, a groove 6G1 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 6G1. In

addition, the semiconductor layer 1a is also formed to be entirely buried in the groove 6G1.
According to the electro-optical device of the second embodiment constructed as

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 3G1 or 3G2, 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 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 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.

Such effects on the portion along ihe data line 6a can be obtained because of the
existence of the groove 6G1.

A 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 clectro-optical device of the present embodiment, generally in order to
prevent deterioration of the electro-optical material caused by the application of DC
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 "1H inverse
driving method" will be explained. |

First, as shown in FIG. 13(a), during the time for displaying image signals for the

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 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 elcctrode 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 ficld or one frame. This is the 1H 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 1H
inverse driving method is more advantageous than the 1S 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 1H 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 thesc

drawings, an area C1 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 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.

With respect to the above, the area where the horizontal electric field is generated

Page 284 of 395



10

15

20

25

FO07516

- 39 _

-~

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 respAectv to the arca where the horizontal
electric field is generated. In particular, as the distance between the adjacent pixel
clectrodes becomes sﬁlall due to minuteness of the pixel pitch, such horizontal electric

field increases, and thus this poses a serious problem in higher precision electro-optical

device.

In the aspeci shown in FIGs. 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 inversevpolarity 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 c&gc portion of the pixel
electrode 9a arranged on the step and to weaken the horizontal electric field. More
spe(;ifically, as shown in FIG. 12, the distance between the vicinity of the edge portion of
the pixel electrode 9a arranged on the stép 430 and the opposing electrode 21 becomes
narrower by the height of the step 430. Therefore, in the arca C1 where the horizontal
electric ficld is generated, the vertical electric field betweeﬁ thé pixel electrode 9a and the
opposing clectrode 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 C1 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

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 1H inverse driving method has been
explained but the present invention is not limited to such driving method. For example,
1S 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 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 cplumn
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 abplied to the
present invention.

Further, in the second 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 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 3G1 or 3G2 shown in FIGs. 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
another aspect different from that in FIG. 2 in that a groove is formed on the TFT array
substrate 10, and ihc 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

space between the adjacent pixel electrodes 9a, but FIG. 14 is different from FIGs. 5 and 6

Page 286 of 395



10

15

20

25

F007516

- 41 -

in that the narrow width portion 362a is formed along a groove 3G1' formed on the TFT
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 scen 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 formed to be entirely buried in the groove 3G1".

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 3G1".  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.

In such construction shown in FIGSI. 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
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,
in the second embodiment, since the wholé 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 respéctive 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
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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
casily 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-
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

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-P' 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
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
clements.

In the third 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 W1 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 6aW in the data line 6al (in particular, see
FIG. 17). Second, the width W1 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
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1a' of the semiconductor layer 1a is positioned almost at the center in the width direction
of the broad width direction 6aW and 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 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 for connectfng the

semiconductor layer 1a of the TFT and the data line 6a is provided, for each TFT 30
aﬁanged 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
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 6aW of
the data line 6al and the protruded portion 302 of the capaciti\}e 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 1a' of the TFT 30, and thus
the light leak current can be minimized.
| In par‘ticular,v in the third embodiment, the broad width portion 6aW of the data
line 6a alsé 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 1a' of the semiconductor
layer 1a 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.

Secodd, in connection with such excellent light-shielding ability, in the third

embodiment, as described above, the width W1 of the protruded portion 302 of the
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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>W1, 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 6aW 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 embodiment, since triple light-shielding is
implemented, it becomes more difficult for the light to enter the TFT 30.

Third, in the third embodiment, the broad width portion 6aW of the data line 6a is
formed continuously from the 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 provided for
connecting the semiconductor layer 1a 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
embodiment, in the formalidn position of the contact hole 81, the broad width portion
6aW of the data lihe 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 6aW. In this connection,
as in the third 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 Eroad width
portion 6aW, 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 incidénce to the channel area 1a' 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
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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 present
embodiment constructed like the above will be 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 seen from the opposing substrate 20 side, and FIG. 21 is a
sectional view taken along a line H-H' in FIG. 20. 7

In FIGs. 20 and 21, in the electro-thica] device according to the present
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 substralé 20 are affixed to each other by means of a sealing material 52
provided in the sealing area positioned around the image displﬁy area 10a.

In the outer area of the sealing material 52, a data line drive circuit 101 for driving
the data line 6a by supplying image signals to the data line 6a at a predetermined timing,
and the extémal circuit connecting terminals 102 are provided along one side of the TFT
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.

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 plurélity

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 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.

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
formed 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
cfyslal layér 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 TFT array substrat;: 10, in addition to the data line drive
circuit 101 and the scanning line drive circuit 104, a sampling circuit for applying image
signals to the plurality of data lines 6a at a predetermined timing, a precﬁargc circuit for
supp]ying 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 defecfs of the
electro-optical device during production thereof or in shipping thereof and the like may be
formed.

(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

a projection iype.
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In FIG. 22, aliquid 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
TFT array substrate, and further comprises the respective light bulbs 100R, 100G and
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 100R,
100G and 100B corresponding to the respective colors, respectively. At this time, in
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 reléy lens
1123 and an exit lens 1124. Then, the light components corresponding to the three
primary colors modulated, respectively, by the light bulbs 100R, 100G and 100B 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.

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 c]eclro-opticél devices including
such variation, for example, an electrophoresis apparatus or an clectro-luminescence
display device, or the electronic apparatus including thesé electro-optical devices are also

included in the technical range of the present invention.
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What is claimed is:

1.l An clectro-optical device comprising, above 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 pixel electrodes formed correspondingly to the thin-
film transistors,

wherein tﬁe 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
portionvin 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 p;)rtion.

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 arca
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
arranged in a matrix shape, and

wherein the respective channel area is formed in an intersecting area ih 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.
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6. The clectro—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
arca.

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 elecfro-optical device according to claim 1, wherein grooves are formed
in the substrate along the scanning lines and the scanning lines are buried at Icast partially -
in the grooves directly or through an interlayer insulating film.

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
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
clectrode for constructing a storage capacitor and a capacitor e]eétrode on a fixed potential
side opposing the capacitor electrode on the pixel‘ potential side through a dielectric film
for éonslituting the storage capacitor,

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.

12. The eiectro—optical device according to claim 11, wherein the capacitive line
is arranged in an overlapping portion Eetween 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-tilm
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
overlapping the thin-film transistor in the data line is formed locally broad, and

a width of the portion extending along the vdata line in the capacitive line is
bréadcr than that of a portion not formed broad in the data line énd 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
is arranged in the 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
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
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
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 coﬁespondingl y to the thin-film transistors,

wherein the respective scanning line has a broad widih portion as a gate electrode
in a portion opposing a channel area of the respective thin-film transistor and a narrow

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 conr_u:cted 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 clectrodes and the scanning lines and at the same time precisely driving the TFTs

is provided.
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PTO/SB/106 (8-96)
Approved for use through 9/30/98 OMB 0651-0032
Patent and Trademark Office; US. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1395, no persons are required to respond to collection of information unless it displays a valid OMB control number.

Seiko Epson Ref. No.: FO07516US00

Attorney’s Ref. No: 114542

Declaration and Power of Attormey For Patent Application

FraFHiBRE
D
»

LMR122300 5

&

L Bapmus

FRORLOBHEEL LT, BEUTFOEIEE LET.

BOERH, AER. EEE. THOROKALDRI

s hre
WHTY, .

FHROLMHOERICE LTHREEICmRa ., BFFHELT
WERBHNFICDWT, IR O —ORHE (FTiloks
H—oBE) b LLBBYr>HARHZTCHI L (Tido s
BPEEOBE) BLTWET,

ERRFEERVETIRE

FEBHoHME (FTROMTXEF 2L TnWRng&R. &
BCEA) &,

X 200248 12 B 17 BIZ @I h, KEHEES =i
RSN FBHME S 2 10/320.371 X L.
(FLT2H8) CATES hE Lo

i, FFEREEE2 ST LRI EFROWEMEERA L. AR
ERELTWSILEIICRELET,.

AT HBHRAEAE3 THEBE1RS 6HIIERIh DI LR,
HHEROARIC OLWITHEHBLMMZER I BB IH B L E
BOET,

BEMCEER

Japanese 'Langu‘age Declaration

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated
next to my name.

I believe 1 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 APPARATUS

the specification of which
following box is checked:

is attached hereto unless. the

Dd  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).

1 hereby state that I have reviewed and understand the contents
of the above identified specification, including the claims, as
amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material
to patentability as defined in Title 37, Code of Federal
Reguiations, Section 1.56. :

Page 1of 3

Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, Patent and Trademark

Office. Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and
Trademarks. Washington. DC 20231.
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PTO/SB/106 (8-396)
Approved for use through 9/30/98 OMB 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 OMB control number.

Japanese Language Declaration
(HAFEESH)

R, KEERSEISHEL19% (a) - (dYEXFTI65%
(bYHIZRETHO, REUNOEHD DR LS 1 yEHEIEEL
TWBHFHHEH S 6 5R(a)HIcHE S CHBHE., XENE
TORFHED LLBRBRBEHFTOHBII O>OWTONRERESR
CIKERIT DL DI, BEEZIFTRELTIWS., AHFAO#ICH
BaINE-RHEEFERESEONEBRAZUTIC, #NEY—2
TEHILT, RLTWET,

Prior Foreign Application(s)

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.
Priority Not Claimed

HEIT D AT HER EEREIERL
2002-000713 Japan 07/January/2002 O
(Number) (Country) (Day/Month/Year Filed)
(B5) (@%) (BBFERE)
2002-363864 Japan 16/December/2002 O
{(Number) {Country) (Day/Month/Year Filed)
(HFS) (E4) (HEEHA)

R, 853 SHEEM 1 1 9% (e ) EICHENT FiooXER
FHEHECERIhZER 2 CcERWELET,

I hereby claim the benefit under Title 35, United States Code,
Section 119 (e) of any United States provisional application(s)

listed below.
{Application No.) (Filing Date) (Application No.) (Filing Date)
(HBBES) : (HiREH) (HEES) (A

BETHOXEEASEISHE 1 2 0RICHWTTHROXKER
FFHBEICERI N EER., EREHZIEE L TWARKTBIEN
38SF(CHTHEDSIENMBIZICERLEST. £/, AHE®
ZERKEEONANKEHEMEISHK 1 2H£H 1 HXEKHD
FHEHTHEI N AETETT 2 XEBFHBICHERIATY
VIR Y., ZoRTAREMBERIBHUB CARHNBEEORREN
FREARFHFBHENEBREBE coli@ficAFINE, 5
HABHEITH I HS CHTERIN-HAEROARICE T
ZEERERICOVWTHRESPDZ I L2RRBLTVLET,

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 Intemational 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)

(Application No.) (Filing Date)
(HBES) (HEe) (Bl . BErsr . REP. BER)
(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned)
(HEES) (R E) (B - Hrsr o HE. RES. HER)

Ahid. REFOMBMICEDSWTAESEDTRBITR S KD
HETHY, PORPAFUEBBLADE LS LI AIcHDL
FRUPUNETHHETHZLELTVWE L, SRR E
EBORPARTZhERAISFOTHIIKEERAE LI 8HEE1001
FICHSE, FlI@EREEE, L ZoWmAL VAT
32k, FLTZDISIRBBIC LZRBOFHEITRRE, B
BALz, MEBBICHFTIhERFOHEIMEN DI E L 2RAR
L. o T2 b Te <HBRHLE T,

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 2 of 3
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ZEEK
BEERARBHEERBCNLUIRT T2 L2 EIAREBALL
T. TRROAZBELVWELET. (HEL FLEEREAOKSZ
RUBZESEWEOZ L)

James A. Oliff, (Reg. 27,075)

William P. Berridge, (Reg. 30,024)

Kirk M. Hudson, (Reg. 27,562)

Thomas J. Pardini, (Reg. 30,411)

Edward P. Walker, (Reg. 31,450)

Robert A. Miller, (Reg. 32,771)

Mario A. Costantino; (Reg. 33,565)

Japanese Language Declaration
(HAEESE)

FAZ., TitoBBHEEL LT, RHEHBEICET 2 —10F POWER OF ATTORNEY: As a named inventor, [ hereby appoint

the following attorney(s) and/or agent(s) to prosecute this |
application and transact all business in the Patent and Trademark
Office connected therewith. (list name and registration number)

James A. Oliff, (Reg 27,075)

William P. Berridge, (Reg. 30,024)

Kirk M. Hudson, (Reg. 27,562)

Thomas J. Pardini, (Reg. 30,411)

Edward P. Walker, (Reg. 31,450)

Robert A. Miller, (Reg. 32,771)

Mario A. Gostantino, (Reg. 33,565)

HEEGEME . . :
OLIFF & BERRIDGE, PLC
P.O. Box 19928
Alexandria, Virginia 22320

Send Correspondence to:
OLIFF & BERRIDGE, PLC
P.O. Box 19928
Alexandria, Virginia 22320

EEEEARE . (BERUEBEES)
OLIFF & BERRIDGE, PLC
(703) 836-6400

Direct Telephone Calls to: (name and telephone number)
OLIFF & BERRIDGE, PLC
(703) 836-6400

ME— X 73 E—RHIE

Full name of sole or first inventor

392-8502 HAERFRBHAT AT HIHESS
tAa—x 7o oBkAEHRA

i EX Masao MURADE
RAEDOESL HAF Inventor’s signature _ Date
£ . E KL 20035 2R 278 Magao Murade February 27,2003
E p . Residence
=P NE N %«@% \"E:\z Z2¥3H sSSuwa - shi | Magane - ken | Japan
HE . Citizenship
a& Japan
BEH Post Office Address

c/o Seiko Epson Corporation
3-5, Owa 3—chome, Suwa—shi, Nagano—ken 392—-8502 Japan

B Esu g Full name of second joint inventor, if any
B oHARBHEEZOFESL Hft Second inventor's signature Date
¥R Residence

BEE. , Japan
=B Citizenship
hER Post Office Address

(B=pBoHRAZEEFIC DLW CORKRCHERL. B&2 352
&)

(Supply similar information and signature for third and subsequent
joint inventors.)

Page 3 of 3
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PATENT APPLICATION

Masao MURADE

Application No.:  10/320,371
Filed: December 17, 2002 Docket No.: 114542
For: ELECTRO-OPTICAL DEVICE AND ELECTRONIC APPARATUS

INFORMATION DISCLOSURE STATEMENT

Director of the U.S. Patent and Trademark Office
Washington, D.C. 20231

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.

X 1. This Information Disclosure Statement is being filed (a) within three months of
the U.S. filing date of this non-CPA application, OR (b) before the mailing date of a first
Office Action on the merits in the present application. No certification or fee is required.

X 2. An English-language Abstract of the non-English language reference is attached
hereto.
X 3. A computer-generated English 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 JP-A-2001-356709.

Respectfully submitted,

James A. Olff
Registration No. 27,075

Eric D. Morehouse
Registration No. 38,565
JAO:EDM/gam

Date: February 11, 2003

DEPOSIT ACCOUNT USE
OLIFF & BERRIDGE, PLC AUTHORIZATION
P.O. Box 19928 Please grant any extension
Alexandria, Virginia 22320 necessary for entry;
Telephone: (703) 836-6400 Charge any fee due to our
Deposit Account No. 15-0461
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Sheet of

Form PTO-1449 US Dept. of Commerce ATTY DOCKET NO. APPLICATION NO.
{REV. 8-83) PATENT & TRADEMARK OFFICE 114542 10/320,371
INFORMATION DISCLOSURE STATEMENT
¢ several sheets if necessary) APPLICANT(S)
Masao MURADE
FILING DATE GROUP
December 17, 2002
U.S. PATENT DOCUMENTS
SUB
INITIAL DOCUMENT NUMBER DATE NAME CLASS CLASS
FOREIGN PATENT DOCUMENTS
SuB
DOCUMENT NUMBER DATE COUNTRY CLASS CLASS
JP-A-2001-356709 (w/English 12/26/01 Japan
abstract & JPO translation)
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, etc.)
EXAMINER 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 applicant.

Date: February 11, 2003
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PATENT AND
TRADEMARK OFFICE

\w UNITED STATES
E_4

Cor for
Washington, OC 20231
WhAw USPTO.GOV

| APPLICATION NUMBER | FILING RECEIPT DATE | FIRST NAMED APPLICANT | arrorney pocker nusmer |
10/320,371 12/17/2002 Masao Murade 114542

CONFIRMATION NO. 1588
25944 FORMALITIES LETTER

o Box 1oa3e € KD R M

ALEXANDRIA, VA 22320 7OC000000009488934°

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 To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items 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
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

e The application was filed in a language other than English. Applicant is required to provide an English
translation of the specification and a statement that the translation is accurate. (See 37 CFR 1.52(d)).

¢ Applicant must file an English translation of the application, the $ 130 fee set forth in 37 CFR 1.17(i),
unless previously submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

e Because your specification was filed in a language other than English, the Office was unable to determine
the number of claims submitted. Additional claim fees may be due once the number of claims can be
determined.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

¢ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

= The drawing figures contain text that is not in English (including, for example, a flow
chart that was originally not in English that has been marked up to include the English
text) (see 37 CFR 1.84(p)(2) and 37 CFR 1.52(d){1)). See Figure(s) All.
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SUMMARY OF FEES DUE:
Total additional fee(s) required for this application is $260 for a Large Entity

e $130 Late oath or declaration Surcharge.
e $130 for English translation surcharge required.

A copy of this notice MUST be returned with the reply.

b A

Customer Service Center
[mitial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

12/18/2002 HLE333 00000011 10320371
01 FC:1001 740.00 0P

- PTO-1556
(5/87)

"U.S. GPO: 1950-456-0£2/19144
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Application or Docket Number

PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1, 2001

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ OR SMALL ENTITY
TOTAL CLAIMS RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE] 370.00 JoR[BASIC FEE} 740.00
INDEPENDENT CLAIMS minus 3 = ) X42= OR X84=
MULTIPLE DEPENDENT CLAIM PRESENT E]
+140= OR] +280=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL
CLAIMS AS AMENDED - PART Il OTHER THAN
HIGHEST
ADDI- ADDI-
< REMAINING NUMBER
- AFTER PREVIOUSLY | Gorhs . RATE |TIONAL RATE | TIONAL
uz, AMENDMENT PAID FOR FEE FEE
2 Total Mi =
g o inus b = X$ 9= OR X$18=
:E: Independent | = Minus ok = X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+140= OR| +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
{Column 2} (Column 3)
; HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER i PREVIOUSLY EXTRA RATE JTIONAL RATE | TIONAL
w | AMENDMENT { PAIDFOR FEE FEE
E Totai * Minus =
5 *x = X$ 9= or] X$18=
E Independent |« Minus ok = X49< on X84—
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+140= OR|] +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 1 {Column 2)  {Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- ADDI-
'E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE |} TIONAL
w AMENDMENT PAID FOR FEE FEE
E Total * Minus ** =
Z X$ 9= OR | X$18=
g Independent |« Minus ke =
-4 X42= OR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+140= OR | +280=
* if the entry in column 1 is less than the entry in column 2, write "0” in column 3 TOTAL TOTAL
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20."  spp T Feg OR ADDIT FEE
**f the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3." ' ’
The “Highest Number Previously Paid For” {Totai or independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875 (Rev. 8/01) Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE

TrU S GPO 2001 487 1244 59137
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SERIAL NO. FILING DATE
CLAIMS ONLY TS
CLAIMS
ASFILED 18t MDA T 2nd AAHFETNEDRMENT ) * *
IND. DEP. IND, DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP.
1 / 51
2 / 52
3 / 53
4 / 54
5 / 55
6 / 56
7 "/ 57
8 / 58
9 / 59
10 7 60
11 / 61
12 i 62
13 / 63
14 7 64
15 / 685
16 7 66
17 / 67
18 / 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 a1
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49
50 100
o 1< ] TR | ' ]
TOTAL - }6 - - TOTAL - - -
DEP. DEP.
ToTAL [ YOTAL |
CLAIMS | CLAIMS
*MAY BE USED FOR ADDITIONAL CLAIMS OR ADMENDMENTS
U.S.DEPARTMENT OF COMMERCE
FoRM PTO-2022 (1-96) Patent and Trademark Office
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HHIM

. Box 19928
=— Alexandria, Virginia 22320

NONPROVISIONAL PATENT APPLICATION
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IFF & BERRIDGE, PLC Attorney Docket No.: 114542

Date:  December 17, 2002
Telephone: (703) 836-6400
Pacsimile: (703) 836-2787 BOX PATENT APPLICATION E
S -
Customer Number: 25944 NONPROVISIONAL APPLICATION TRANSMITTAL m:':,
RULE §1.53(b) =3
Director of the U.S. Patent and Trademark Office i‘:_
Washington, D.C. 20231 Pl=—)
o=—
A
Sir: s

Transmitted herewith for filing under 37 CFR. §1.53(b) is the nonprovisional patent application

For

(Title): ELECTRIC OPTICAL APPARATUS AND ELECTRONIC DEVICE

By (Inventors): Masao MURADE

X O X1 X

d

X

Formal drawings (Figs. 1-22; 21 sheets) are attached.
Use Figure for front page of Publication.

A Declaration and Power of Attorney is filed herewith.

This patent application is assigned to Seiko Epson Corporation.
The executed Assignment is filed herewith.

An Information Disclosure Statement is filed herewith.

Entitlement to small entity status is hereby asserted.

A Preliminary Amendment is filed herewith.

Please amend the specification by inserting before the first line the sentence --This nonprovisional application claims
the benefit of U.S. Provisional Application No. Jfiled -

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).

[J A certified copy of the above corresponding foreign application(s) is filed herewith.

This application is NOT to be published under 35 U.S.C. 112(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.

The filing fee is calculated below:

CLAIMS IN THE APPLICATION AFTER ENTRY OF

ANY PRELIMINARY AMENDMENT NOTED ABOVE

i

A

12/17/02

I

OTHER THAN A

SMALL ENTITY SMALL ENTITY

FOR: H NO. FILED I NO. EXTRA l ‘ RATE “ FEE OR RATE “ FEE

BASIC FEE OR 740

TOTAL CLAIMS 18-20 0 X 9= |83 OR -

INDEP CLAIMS 2-3 0 x 42= |I'S OR x 84 $ -

[] MULTIPLE DEPENDENT CLAIMS PRESENTED + 140= |I'§ OR + 280 $ -

* If the difference is less than zero, enter "0". TOTAL $ OR TOTAL $ 740
El 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. 15-0461. Two duplicate copies of this sheet are attached.

Respectfully submitted,

= —

James A. Oliff
Registration No. 27,075

Eric D. Morchouse
Registration No. 38,565

JAO:EDM/cmm
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OLIFF & BERRIDGE, PLC

Application Data Sheet

Application Information

ATTORNEYS AT LAW

Application Type:: Regular

Subject Matter:: Utility

CD-ROM or CD-R: None

Title:: ELECTRIC OPTICAL APPARATUS AND
ELECTRONIC DEVICE

Attorney Docket Number:: 114542

Total Drawing Sheets:: 21

Small Entity:: No

Applicant Information

Applicant Authority type:: Inventor

Primary Citizenship Country:: Japan

Status:: Full Capacity

Given Name:: Masao

Family Name:: MURADE

City of Residence:: Suwa-shi

Country of Residence:: Japan

Correspondence Information

Correspondence Customer Number:: 25944

Foreign Priority Information

Country:: Application Number:: | Filing Date:: Priority Claimed::

Japan 2002-000713 01/07/2002 Yes

Country:: Application Number:: | Filing Date:: Priority Claimed::
2002-363864 12/16/2002 Yes

Japan
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SPECIFICATION
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BACKGROUND OF THE INVENTION
1. Field of the invention
K%Eﬁﬁi TIT4T= MY 72%@1ﬁ‘ﬂﬁ‘éf£%’iﬁ R R O ER O T
B L Th2B8BTREOENSTFICET S,

2. Description of the related art

P, WREDOBEINFYHELFEL CTHRDL— x‘f@%*fic‘:\ AL ERETWE
2t L CERZEHMT A 7-ORIR—FOEROENENIRITONT-BEE L &
W2 D2BRAFEBPMONTVWD, Z 22, AIREMRIT. AiEIATFWEIC
EHREHEHIINL, E %ﬁ%?%gwﬁ%%@ﬂg{méﬁéf:bf)blﬂfﬁ Eha, 2L
T, 20X RBEBEAFEEBICINE, ZEEIH LT, BAENREIPLFHEED
Nt EE AT L& <‘:‘B W, BREFWEOKRELY ERom @EE(LE
X, BN OBRERELHIET LI LRFEERD, bo THBORTEZEIT D
ZEMAEREL 2D,

ZLTC, 20X REIAFEEICE T, ATE—HOERO—FITEW
T, BisgERBE Lo Y 7 RRICEFISNT-BEREBREZHZ D E & biZ, ZH
FEHBWOR 2 \THEFINZER T A% (Thin Film Transistor ; LA i@
H. [TFT] &9, ) . ZETFTOExICERINL, (TRUFIFRENLEN
WIETICR T DN EEBRBR T — 2 MRELXHEZ DT, WhRET 7747
< MU I AERENFREZLOBMEN TS, ZHiZLY ., BIEBEREE, D
VISR EERE ORI T —ZRICEVEIND —2— 2O EFREIZ, ATREX
WHEHE IR T HEROHMEZHIE L T, BEFICKEOFZBREHEH T2 Z L2
ARE L R D,

SUMMARY OF THE INVENTION
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L L7ed s, #ERICKBIT 2B TEEID &@io&ﬁ%m%otoﬁ
tb%\Lﬁbt;5&777477%)7xﬁ%#ﬂ REREFEEICBW

T, 252 L TF TR ERICEETI2LERND 50, IEEOBEBRALFERE I
THEEER WU/ LOBEHE M- LN s, TREERTHIZLITLVE
Il TWBEWNWSIZETHD,

ZZC, TFTIX, F¥RVER, Y—AEBEOC RN LA SEREFT HPE
g &, EEEBICBT BRTRT v X AEBROD R L b—84E ) X 5 IcH
BEZN L TRT NS — MNEBEHEA, %7 — NERIST28E - FFBE
@ U T, 8T v AAVESICERZHM - FEEIINT 5 Z & T, BIEOFILE
/5,

ZOEE, fIRETF ¥ AAEROE S, Wbhwd [Frxg] R, ZOE. Wb
WH [ F vy IR 2EOXICTEHN, BETHETF vy FAEROKRET AL
DOREICTINE., TEFTOHME2RO S L CEELRFHEERS, £, THiZ
MAT, ZF v FXNER PRI L8RS — NEBOERZREREL DL HICT S
PO TEETH DL, BRAD, ERIZBWTIE, F— FEMRE LT, filcE
ERICEKWCER SN TV D2EEERMC, AT EERO—HE2HEEL TWD
BB HLTONDIZENRDLoEN, 20X RS, EEREFNER LT Y
TV & OBLRRER LB L D,

FI 3, TFTROWLF vy R AMEKE, EERRVWLY — NEME OIFER
BEERR A, B LIoBEXAFEEOSKML L WO EFEL MK L ETEH
THIENRDOLNTED, >, ZOLITHEKENTZTF THIZX HIERER
ELERT LI EDRRDENTNWDLE NI Z EITRDN, TEESERIET
2z,

Pz, BEXFEELZHETH-0CE. TFTRUEERRWLY— 8
BEZGHEET IR LW E W OTEDGm R, TOMBEOERERLFER D%
ERHBN, TNDHEDFRENOF T, ERLAEL I REE - RELERTS
TEEF—RICRETH LI EMWERHICBB LA D, F2. TF TIZOWTIE, #l
T ¥ R AERICH L CHDBAFTTHE, Y — 7 BRBEAET D & VI FEHE
BELLZND, ZHEBHELRTNERORNVEWVWSEFE LD D, T72bb, T

Page 334 of 395




10

15

20

25

FTiX, SEFBEBWTERICERERCHS T2 0B BIIRHIC X 0 HE
TAHEE A FERE, LV A ERICIIEEERN D, FREARRY BER L2 E R
HELWVA, BRMEPERINAIFCINEMAEZEIRITNIE 2520 E T3
L. BERoOEE - AEICE., KYRBEREELIBIDI L ERD,

AT, ERMELAIEATRENEZLOTHY, ¥— FEREVEERD
BEERBRORENLVABEZICERIND LI, TFTOIEMRERESNFIE L
ENTBEBRNFEBROFLBINAFEELXEML TRLIEFHSBLRET LI Z L
REBRELET S,

AEBPOBZOCFEB X, FEREAMRT LD, EREC, —FEDFRNZ
HEODEEREVEEERICKEZTHIFAIIERS T —# &, ATREEREN
AT — Z MO EEIRIC KIS L CERIT ol b 7 o PR F b SEE 7
VORABIIHIGE L CERITONEEERE 24, Al EERIT, ATEEEREN T
VOARE DT v FIVEERICH E T B ES IS — FEBE L COREEEET D &
LIz, oIMAICIEIEEEHF L TV 5,

AFAOBLAFEBICINE., #ERROT —2RE2N L TEERFEROHE
BIEELZHEEFS L OAFICHBT A LICLY, BEBBET 7T 4T~ Y
7 ARETE D,

F LTS, ARBTIE, ATRRERERIT, AIREEN T VXX OF ¥ R VHE
Kkt BESC Y — MEBE LCOREHEZA TS & &b, oHoIciE
WEEA L TCNDHZ D, EEROBNMEELERLIDIT LD LT, &
T U PRH RN LEDT ¥R VEEL S ERR E OB ERGROFE - REZ,
TERICHESTESGIZER LD D2 LR D,

Bz X, AiEREIREmS~ b Y 7 ZRICEEES S T S EEICR VT,
TN —D—OOBEFEFMOAITN LR GBENZAE., #BSThiE. BMoDmE#E
BWEBE Lz &ic, BEL, hoxthd 288HOL & 5 Epiffaic, #
BT PRI OF ¢ R VEHENMET A X IICHRER T U X ERT
HIEDR—AZHFE LY (e b, AFERENOR BB THEG) B,
FDEIBBEHCBNT, F ¥ RAERERIG P RS LS BT 5 ERER
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MOFMZ#ES LOCRIEEEDHZE T, TYXAEEMFEICE DT L NARER
B TRERETLIDCEERER T DL & BICHKERROIBILENRTET v
ANV DO WTORFIET DX I RBREERTHZENFREE 25, LD
2T, ZOHBEICENTUL, HFERTFT ¥ 2 VEOREER., Thbb, LTV
28 OIFE R BMEOMEERR EEROP/ME, T7bb, EXOLFEEROEHM
b7z LB E WS | WhITHK T3 & b AL BEFEN, EHICERINDZ
Lt s, ¥, ZOHE,. ERORENOHURIC, BERN T URZRVLT
¥ RVERICH T D AR EBABFIETHZELERETH D,

TOX I, AERIZEINL, ERCFEBOBEMEE W BEELRZLR
BoH, BEN S VIUVRZROEERRO LY — NEMEE OB BERBRICET 25H%E
EHEICHEBT D ENFREE LD, £, 2O ZEE, EROEERK OEE
UV RBZUND, BRETFEBEERT HEEOBEROEBL HE - RET
HETH, BFELVWEEEE XD, b, AERHICINE, BEN T VU R XK
DEERE®FAZERTHILHTE, ZhICLY, FRIRSEBROLEEZE L
REFTHIELAEEE R D,

B, AFEHICRBWT, TEE) &) ol TEEE AA T2 IR LT
JENEWIERTHD, TiE) Luvo ok, TEEE] NET 5@t LTk
WEWHIEBEWRTH D, BT DI, MEAE) RO TIEHREE] v Lo RER
RO X, WA OB REFETRELN D, Fo. THNIZEEL T, 18
IRER. B D WIXERE S ERRICA TS EEIE. Ham, BRY, EBRO. b D
WEY S 2 b e VEIC L TEEREL S 5,

AFEADOBEIAFLEE O —BIR TIX, BIEEAENT. RGBS 5 IER = h
THERENTWAES LT,

T ORERRIZ L. WRIRE R OHERES A AT A EEMRE . BN ESICERT
HTENHEEE 72D, BEEMICEE A, REHECEESA VDI —FBTH
DBEIRNE—VEFHEKTHI EEAIRE L, 2AOT7 NI VT 57 4 RO
Ty FUTZERAVWDZEIZLY, ABRIRDOIEEREBESHITERT HZ L0537
BELRB,
AFAOEBELIICFEBOMOERLTIL, AIFCE/ATIL, AIRCERSICER S
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TR ENTWHES & &,

T DOREARIC IE, B AE, IRIAENE. SN A E S NS E A S A iR s
HMLUTHERT D EICIVBREIN T AR 2S5l LI d, TD L5
BTh-oThH, BHNESICWWEAHEER TS 2 LA AEEE 25,

AP OBINAFHEOMORESRTIX, At EERIT. BIRRT ¥ R /RO IE
ETLHHMERZDLDHFMICHEE L TR Y | AiR/ARE, YT v ZFER O IE
ET2HMO—FXIEMAICIEEL TV 5,

T OREERIC LAUX. WRIAERIE. Ty RABEIROEE T D — I W T IS HETE &
NTWLZ e, RNV OVREZROEERLEOEERBROREL, L0
WCEBL DD LT bd, £, ZTOBERCINE., Fy2xaABIOSC-EY
R — NEBREBERENDZ LR END, F v FVERICHTA2EROEM
B, KVHRMCEREINDZ L7225,

Fio, T, BEELD S — NEWEMS., Fy FAEE R D REESIT
WHITHEBRET 2 X 2 RIF TR T SN L BRI IUE, Fli, wbhbwsBEES
HREE NI R ZOER (Tbb, Y—FEBE~A 7 LT, A4 E
ALBEZITIZEICEY . Fr RV EBICHBHET S YV —AEBER T N LA 8
WOFM) BFIATHI T ENTES, 2L, ZOHE, BEICWZIE, 77—
FNEM S D REIBIEH AT LIZRIC, i A AV EALREITOI & T, F
¥ RNAFEBESTR SN A Z LT D,

AFEHOBEIAFZEBEOMORER T, AIRCEZFERIT., < Y 7 ZRICES
M7 ENTRY | BIRET v AMEE0E, FHEAYIC R CRlfeE &R 2 A TR B
TOERBEE LS GEVDEFROF LB E ., AIRT — ¥ Mo HA THBE
BT OWBEELE 2> TRULRFIROE 2 M L 235D 5 RS FHEBPICTE K
I TWBb,

T ORERRIE, BEICIR BRI L. REBAOERDRE I K DRI RER
SN DEFD—DOTED,

Tihbb, ZORKCINE, RN T URAZOF v R AEEN, v Y 2
ZARICEEE SN -EEERICBW T, FOXAEERNICER IS TS, =
TN, RAER ST, TEMIC R TRIRAEEREZ A CHBET 2 EHERE 2
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Heo CIEVCDREFIROE 1L MR L AT — M e A CHEEET 2BERBMAE 2
Mo CIEVCAEFROB2MMENBTDLAERTHD, 20X > RERIZLY
T v FVEBICRT DO AFHIAE CIC K VIRES BB ST 5,

FLT, ZOXIRERDREHFLAENG, EERIE., e T v R/AEIC St
MTDEC57— FEBE LTCOREBEREL TSI EnG, Fx F/LHHEE;
WLER N v REZ L F— FEBRRWLEER - OBBREKEZ R b FE ISR
ELHDE LB, FHERTF v RXNEOHRE EEROPIMEE L EBRTLHZ L
NARELRBEDOTH D,

T OREER TR, AIRCIEMEEIE. BIReE 1 BROF R LY bR BT
R &AL, BIACHRAERT. AR MEEEAIC W THIRS 1 BIROFRICER S
T3,

DK D BRI KX, EEROBNGTIL, BETIEFEBMAEAES XD
WIIEET D0, ZOFRIEFFEET, PRI LT EMBICER SN
Ho ZOZLIZEY, ETHELIRZ, RTEHBEOLEM LEHL I ENTED, T
niE, LY bITBERIAFEBO M- 2RBBREEZICBOTZEL, oM
HIZULTOERFIZLS,

Tihrbb, AEE TR, AIRGESRTEBICEERIT O HEME Lo rE,
E D DTHIEEESO EE) CERLTERSNDMEICRT25 T vy 08
AERBTLHE., BMBICBNTIELTOLTINELDZ LIZER L, T,
iRV T, TV OB B (bbb, MEEEDL M) IADE
HEBEY T (bbb, M ETAHM) ICRAHE5 & THE, AR A T ORE
WENHBZLICEBT S,

v BAEITIE. B3, BIRREY LIRS 0B, s v T s
LHEE DB, IR AT BAETITS VY,

ZLTC, LRBLAELIRLATEZOFTIICHET S L, BREOEMNTRELH
L, BEREFEBOBMERRORR L 25868 H 5, LY BT RUE
DTHW@A7@&F@§ LTz oTE2IE, BEOFHHIFENDF LV L. K
BBCD@BF];‘FE%%TE%?_ZD—fﬁu‘l‘i/ﬁkn‘a}b\:<‘: 2785,

T, ARERICET AEEES, AR EREREEEOE 1RO FR» LN
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TALEICHREIND ZERBEREH S, Thbb, B2 20X 5 R8I
R 5 Z L I ivd, BRIERHICERTAMEBOEALER, H1EBOFR
MOBANTALBICTERSND T L2, ZoZ Bk, S#%FE 1 RIS 5
R EIZ, MO ERIE ST A FES Y Lo R ERA L. T4
DLEREE LI, AR T RIH ST 2EESEL X RERE2ED =
EDFRETHDHZEEERT D, LT, ZOHBAICBWT, EXEELZITRE1
ISR IS T 5 £ 5 Iak T i, AT TR ARB S0 2FMTExXRT 5
e, DFEVLTOEENRELELD LB LN D INERO LLES A NTEN
THZLENFAREL R ADTH B,

PEoER, REFCIWE, AT70EBICLIBEINNFEBOMERRSE %
HELEFBZZENFEERL, £, LT7OEEN I VALCIZAWVWEB I LS
HOBEY LIFICBEHAE, BRRTICHESTAREZEZBRATROETFICLTEL
e s rh, BEROFEOMLEL, ThLbLEBIIHALIWEE I EHERTS
TENFRELRDOTH D, R, FEERICZVE, LR~ XD 2EKRICE
WT, FREBROGEMENRROLND Z LIZRDDOTHD,

T, BEE, FLHEBROFRIY G FNIABIZERT S Z &I L,
Folr, BEXNFEBORFOBERELMETHZ &, Flo, BEINT LV UR S
R BHAREZ XV HRMIZHIET A Z N TEDS, ZHIELTOSEFIC K
%o

Tihxbb, AERIZKT WL, BETERERMOE 1 KL X
INTIITEET B8, FOFRICITEEL R, T OFZE, 51 MR OMEER
OSSR SN CWARWEARIAT A Z I LY, FRIZAT, &g
BB PATIC AR & R — ) bR SN FBEREOMOEREZERRT S Z
LWRAlEE D, bbb, REOBHENSHERTLIOTH D,

T/, bR kD REEIC, BERIE R RBILE TR T B LD, TEILER
XZFORIEOREEXFET L Lick v, flZE, —FHROLEBIRIZIRT T2
D, —HERERAZAStAFREZ NS BEICTHZ T, F— hMEMRE
LTCOWREEHZ, BROPRICEEIED ZENRTAREERD, ZOX5ic, EE
MOMBIZL LTI — MEBOEEZEXMEL S D D DIZEAED RUVWMLE AL
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BTELDT, AWEF— MEROEBEZEXELZ&HD 5 DIHEEDO RV EI
BEE L)L, EEROEEBZBBAICBITAEEDMABICEE TX 5D T, &
BN, EEREELZSOTEREBOBBHEZ B D >N AREHIC S
WEE RS R Y REBTE S,

Z ORERRTCIXEIC, AIECIBAER L. BTECAC ARSIV CRTRRES 2 Mo §
RSN TOD I T HE K,

DX D RIS I, Fy v, BBERLEE VW HICHhE A, Moo
EREBEZEELLBEIC, BEL, XEdmd 5, ZEBROAR» LK LEEN
FALBIZHRR SN Z L2 b, Thbb, &F v RAEBICH L TE, &bt
DAFRFEA LIS WIRESTHEIND Z i b,

AFEPOBRNFEBOMOBEKR CIE., ATRRERIZIE. AT EERICH > T#
DO TRY, AIREERITENICERE IBAEREA T LTt
oI ESHIAEN TV D,

T ORI LT, EERPESRICER I NZENICEDIAENLTWDS Z & h
b, ZEEREFVATARIICEREL T, 20 LB L L THER SN S BRME
B, SWSEREBRROERAREOREICEESA LU IED 2 L2 RRIZPHIET
HIEWMTED, 2FEV, YZRELFBO RGBT A ENTE S, £
LT, ZOXHICEMESORENFEHETHSL &, ZEMEIZHTLHI 7L
HEGFEICERT A2 ENTE, ZERAKEICET 2RE S FOBERIREEZ BIFIC
HFT 28 TES, LEN-T, ABRICEINE, BERARNEC S AT6E
ERGRSY, REERROBSERE L T 5 HKFEORELEBABIET B &
MWTELZEIERDND, RBEREBREZRTT LI EDAIEEL R D,

AFHEFAOBLTAATFEBEOMOBERK TIX, ATRIEIGHRIL. ATERERICHEDIAER
TW5BE EHICHTREBTRICR > TEVOREHIALE S &, BIRCEMICEDIAE
Nz k &L ICRITGCIEEDIALEN & WA THIFEEEERITIE > TIEVC D IEH DAL
GEEA L, EIEEDIALR S OFEEICL - T, AIEBERERO THIX, AIfcE
HERIZH > TEY ER->TH 5,
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Z LT, TN EDIALT R OFERDIALTIIO TS EERIZH > THERTE
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I, FEHDIAREIZB L Cik, #ZIFEEOALTHO EEE UTHEA S5
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RE/HZEBTED,

TP, AFEBRICRIBEIALFEE T, BEOH{LEHLE LEBFMOEHL
HErMpLELEBIZ, BTREABLEOI O X =07 ) v AFELEBTHZ L2 H
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ek, AREMKTIIEC . RERICBIT DT —ZBIZH > TIEVC D ERS D&,
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ENLZDTHNIT, FHEFBBOMPREE S X522 M T4 7K, i+
WCHERT 5 EBFRETH D, £, BEICK Y, LS, flziEr ook
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BRIEF DESCRIPTION OF THE DRAWING
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ThD,
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K6k, K5I EEROBKRAY - OHREFRTFERRTH S,

K7k, MI50B—B’ WERKTHB,

M8k, M2 LRBEDOHTH-T, REEIZTE TT LA £ FICENTER
ENTVDRRUHERICEERSEDAEN TV S EEC ST R S
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H10ik, M2 EFEBEORTH-T, RRKEFTF T LA HER LIZENTE
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12, M100T—T WEHETHS,
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B14ix,. M2 LEABEDODRTH-T, AAEIITETT LA EREICIERE
WENTWD RECEEROESEHIE 1 MBEOPRMSANTIEHR S LTINS
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M15iF, M140T—T WERTH,
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DECHERENT-EBRER L L HICHMEROM» L REZTEERTH 5,

M21ik. W200H—H BERTH,

X223 AEAOEFRBOEMPRETH HEHA L T —FREBO—4F7-
HDAT—RBE TV ey X HAHIMER TH S,

(% EofiH]
1 a-PEEE
1a -FxRER
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330a, 330a ", 340a. 350a, 360a--E&ERK
331a, 331a ", 341a, 351a. 361 a-1tgEZ
332a, 332a ., 342a, 352a., 36 2 a--EKH
3G1, 3G1~, 3G2-i#
352 aB-H0ALE
35 2 a NB--JEH#OIARER
430--BE
8] 3% AR
10---TFT7 LA K
1 6--BEmiR
30-TFT

0

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

T Tid, AEAOEHOFEREICHOWVWTRKZEZRB LS O8HAT S, LT OEE
BRI, ARPOBEBRNFEEF»RAREBECEALILLOTH S,

FT. ABPAOEMFEBICK T 5 BEKIFEBEOEFEIIZI T HHEARIZ OV
T, M126M4%2 BB LCHAT L, 222, M1, EXCFEREOBEBER
RTEIL L O a 2T A< MU 7 ARICER SN EROBERICKIT 58 EHR
F. BEREOZEMEE THDH, M2ik, 7 —Ff, &R, BREREMENEKS
NIZTFEFTT A BROMEBET DHEZOBRHOFEmHTHL, £L T, K3
X K20A—A WEHRTHD, i, M3\ Tk, &8 - &8 %2 Xim

THRBATRELEEOKREI LT LD, #%EE - FHM I LITHEREZR2O L
WTHDH, T, K4k, M2 FRTEEROAZHRESE L CEDOBRERTF
mPTH D,

K 1ickWT, REBFEEICBIT2E/AFEBOEBRR FHEHELHEHRT D~
MU 7 AR SN EROBERITIE., T Ei, E%@@g a & HHEFRE
WO armAA v F U THIETLEZODOTEFT 30 LBERENTEY, HEGES
PG ENDF — 26 a PN YUFTF T3 0D Y —ACBERHICER S TY
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Do T—HHR6 a TEXADEBRESS 1, S2. . Snix, ZOIEICHIEK
CHHE L Th oL, MBEET5EROT— 26 aREicx LT, 77—
TERICHEETHE I LTH &,

F/72, TEFT30DH — MIEHEBRI 30 a NELSMICERINTBY . FTE
@54*yff AEEM3 30 allVAMIZEEEFESTGL, G2, -, Gm
Z, ZONRICHRNEK CTHIIIT 2 X O ICHlRENTWS, BFEEMI ald, TFT
30®%v4/k%mmk%ﬁénfk@ z%y%/&i%fkéTFTSO
RIS EOARL vy FEHULZ LITLD, ﬁﬁ6aﬁ6&%én5
EEfESS 1, S2, W\Sn%ﬁim?4\/0fiﬁ

BFEEBI a 2N LTERKNLEWEO—Fl L L TORKSRIZ %Lihﬁ_ﬁffﬂil/
SADOEBIESS L, S2, -, Snid., IEERICER S L-XTHERE O
T—EHMEMRFEINS, EHIE. HMSh2ERE L~V X Y HFEESORRM
BRENELTAZEICEY, REEFAL, BARREAEET D, /—< U —
A bE— R ThHNIE, FEHBOEM CEHMENTZBEICIG U TASNIZHT S
BRENEO L, S —< V=TT v 7 E— FTHNIE, FEFEOBEAM TEHME
CEIEICS UTARRGICHT 2@ @RS EMEN, 26 L LTEILFEEENLD
HEBESICR U3 b I A ML OB EHNT S,

I TCHRFBENTZEBREENY — 7T 50EK<TED HFEEMR9 a &M
%@k@@t%ﬁéné&mﬁﬁaiakaﬁﬁ%7O%Hmfé

PUTFTCix, LT —4##6a, M3 30a, TFTI30%HICLD, ko
E9 R BEIREENER SN DIBERAFEED. &0 BENRBRRICOVWT, K2
EOK 3 %2R L THAT 5,

F9, AEMPEBICRIESFERT, HI20A—A WEXKZLK 3T
FTEIEZ, TFTTUAERLO L, ZHICHMERE SIS FHRemER2 0
LEBATHWDS, TETTUAERL 0, BlxiE, AEER, V7 AR, >~
U:ygﬁmB&D\ﬁﬁgmzo@‘mzﬁﬁ?x%m@ﬁﬁgﬁwgﬁé

B3icmT Eoic, TEFTTLAEKLOWK ERER a ’RITOLNTE
V. oAz, 5Ey7%ﬁ%@ﬁﬁwmmkﬁmméntmmﬁl6m=
o TwW3d, BMEER ald, HlxiX1I TO (Indium Tin Oxide) FEZEMH
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5. IMER2 02, FOEMEICE > THMEM2 1 8RITENTERY,
FTOTRNCIE, 7 Z7ABEDORE DB MM S - BRE 2 2 258810 6
NTWa, AFEEBEE2 1. FIZE I TOBESOBHEEERL 25,

T, 22BN T, BXEFEBEBOTFT 7 LA EKL O FiZiz, v +V 2
ARICEROBEREM I a (HEBEH9 a " ICL VBRI RENTVDS) BNBRITH
NTEY, EFEERI a ODREBEOERIZ %k{of7w::?A@®T—ﬁﬁ6
aBORY Y aVEOEERI 30 aBRITHLNTWD,

EEM330ald, RYYaVEOREEERRE1 a D> LRPHE LS O
BT R LT v A AHEE L a ISR T 2L ICREBESNTEY . EER3 3
0 aids— hEME LTHET S, T7bb, EEMR330a T —F#6al
DORZETAHABIICIZEN TN, FrFVEKL a " IZEERS3 30 a DIFIEE 3
31a (#R) By —rEmELTHMEBINTCEFEAAS yF U 7HOTFT
30T ENTND, BETHIE., AEBEREBIZBITLTFT330, 204 T
HLF Y RVEERL a T, v ) 7 ARICEHELSI SN EFEEEI a il
T, ZOREEBRNICERIN TS, ZI2C, ZAMEEE X, FEasic 7R Tal
ETREHRA THBEET 2 EREEY a Bakto GEVLRFIROE 1 HR
(M2 TiEXFR) EATEET — 46 a A CHEET I EFEEMI a %
HoTIODHEFROFE MR (M2 TEYFR) EBRZOLIZERTHD, X
D EEIICK 212> CE A, Flzil, EREICRENIBFREL aDETH
B, FLICRENDIEFEEMI a OETAL. EFNICRINIEEEWI a A
A RO, AT TRENIEHEM a 0FE LA, OFnNEThrbikbEE
NIALEN, TRICHELT A ERD, ZOXIRMUEBIZTFT 3 OB EMAS
NTHWBZEIZEY, ETFT30D0F ¥ RAMHEEL a 1T LTk, EERIR
FEAFNRECBIZVREPBELH I N TVWDZ Ll D,
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LTEY, FOMRERL L CE, BRLAELI Y~ MVERBE L TBET S E
EM330anbDBERICIVF Y AADBTERINLYEEB L a DF v RVHE
W1la | EEMR3I30a L PEREREL ab2ifthd sr— MEGELZ S ik
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WONCEmIRE Y — A L d ROEIRE FL A Vi1 e 22 TV 5,
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