Case 1:14-cv-00336-UNA Document 3 Filed 03/14/14 Page 1 of 1 PagelD #: 27

AO 120 (Rev. 08/10)

TO-: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following
[ Trademarks or [APatents. ( [J the patent action involves 35 U.S.C. §292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/14/2014 for the District of Delaware
PLAINTIFF DEFENDANT
SURPASS TECH INNOVATION LLC LG DISPLAY CO., LTD, et al.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,202,843 4/10/2007 SURPASS TECH INNOVATION LLC
2
3
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[J Amendment L] Answer [] Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

IPR2015-00862
Petition for Inter Partes Review of U.S. Patent 7,202,843 - EXHIBIT 1002_Page 1



Case 1:14-cv-00337-UNA Document 3 Filed 03/14/14 Page 1 of 1 PagelD #: 5

AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following
{1 Trademarks or [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/14/2014 for the District of Delaware
PLAINTIFF DEFENDANT

SURPASS TECH INNOVATION LLC

SAMSUNG DISPLAY CO., LTD, et al.

TR NO. DA O ARR HOLDER OF PATENT OR TRADEMARK
1 7,202,843 4/10/2007 SURPASS TECH INNOVATION LLC
2
3
4
5

In the above—entitied case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment 1 Answer [1 Cross Bill [ Other Pleading

TR RO, B O TMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3 Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 1:14-cv-00338-UNA Document 3 Filed 03/14/14 Page 1 of 1 PagelD #: 70

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following
[] Trademarks or [/ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/14/2014 for the District of Delaware
PLAINTIFF DEFENDANT

SURPASS TECH INNOVATION LLC

SHARP CORPORATION, et al.

TRAP[SEIIEATR(I)(%\I 0. %?{TII?ROAFDI]’E% HOLDER OF PATENT OR TRADEMARK
1 7,202,843 4/10/2007 SURPASS TECH INNOVATION LLC
’2 7,420,550 9/2/2008 SURPASS TECH INNOVATION LLC
3
4
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
O Amendment [] Answer [ Cross Bill [J Other Pleading

TR 0. D A DTAARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1

Stylesheet Version v1.2 EPAS ID: PAT2735870

SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
| Name ” Execution Date |
IVASTVIEW TECHNOLOGY INC. 1212412013 |
RECEIVING PARTY DATA
IName: |IADVANCED IP INNOVATIONS LIMITED |
|Street Address: | TMF CHAMBERS |
lInternal Address: ||lPo BOX 3296 |
lcity: lAPIA |
|State/Country: |lsamoA |
PROPERTY NUMBERS Total: 2
Property Type Number
Patent Number: 7202843
Patent Number: 7420550
CORRESPONDENCE DATA
Fax Number:
Email: kjones@techknowledgelaw.com
Correspondence will be senf via US Mail when the email attempt is unsuccessful.
Correspondent Name: KEVIN JONES
Address Line 1: 1521 DIAMOND STREET
Address Line 4: SAN FRANCISCO, CALIFORNIA 94131
NAME OF SUBMITTER: KEVIN JONES
Signature: /Kevin Jones/
Date: 02/21/2014
This document serves as an Oath/Declaration (37 CFR 1.63).
Total Attachments: 3
source=Assignment 1#page1.tif
source=Assignment 1#page2.tif
source=Assignment 1#page3.tif
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PATENT ASSIGNMENT

WHEREAS, VastView Technology Inc., a Taiwan corporation, having its principal place
of business at 6F.-3, No.65, Gaotie 7th Rd., Zhubei City, Hsinchu County 302, Taiwan R.O.C
{(hereinafter “Assignor”} is the sole and exclusive owner of the entire right, title and interest in
and fo certain United States patents identified in Schedule A attached hereto, and in and to the
inventions disclosed therein; and

WHEREAS, Advanced IP Imnovations Limited, a2 Somoa corporation, having ifs
registered office at TMF Chambers, P.O. Box 3296, Apia, Somoa (hereinafier “Assignee™) is
desirous of acquiring all right, title and interest in and to said patents identified in Schedule A
hereto, and to the inventions disclosed therein;

NOW, THEREFORE, for good and valuable consideration, the receipt and sufficiency of
which is hereby acknowledged, be it known that Assignor has sold, conveyed, assigned and
transferred, and does hereby sell, convey, assign, fransfer and set over unto Assignee, the entire
right, title and interest in and to: (i) the patents listed in Schedule A attached hereto and all the
inventions claimed in such patents; (ii) any and all inventions and improvements that are
disclosed in the patents listed in Schedule A, together with all pending applications and all
provisional applications, divisional applications, confinuation applications, continued
prosecution applications, continmuation-in-part applications, substitute applications, renewal
applications, reissue applications, reexaminations, extensions, and all other patent applications
that have been or shall be filed in the United States and all foreign countries on any of said
inventions or improvements, or claiming priority to or relying on the disclosure of any of the
patents listed in Schedule A; (iii) all original patents, reissued patents, reexamination certificates,
and extensions, that have been or shall be issued in the United States and all foreign countries on
said inventions, improvements and/or patent applications; and (iv) all rights of priority resulting
from the filing of said patents and/or patent applications {(i} — (iv) collectively, the “Patents”).

Said sale, conveyance, assignment and transfer includes, without limitation, all rights to enforce,
assert and sue for past, present and future infringement of the Patents, and all righis to recover
and collect for past, present and future damages related to the Patents.

Assignor hereby authorizes and requests the competent authorities to grant and to issue any and
all such Patents in the United States and throughout the world to the Assignee and the entire
right, title and interest therein, as fully and entirely as the same would have been held and
enjoyed by Assignor had this assignment not been made.

Assignor agrees, at any time, upon the request of the Assignee, to execute and to deliver to the
Assignee any additional applications for patents for said inventions and discoveries, or any part
or parts thereof, and any applications for patents of confirmation, registration and importation
based on any of the Patents issuing on said inventions, discoveries, or applications and divisions,
continuations, renewals, revivals, reissues, reexaminations and cxtensions thereof.

Assignor further agrees at any time {o cooperate with Assignee, and to execute and to deliver
upon request of the Assignee such additional docoments, if any, as are necessary or desirable, in

Page1of3
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the prosecution of the Patents, and to secure patent protection on said inventions, discoveries and
applications throughout all countries of the world, and otherwise to do such acts as are necessary
to give full effect to and to perfect the rights of the Assignee under this Assignment, including
the execution, delivery and procurcment of any and all further decuments evidencing this
assignment, transfer and sale as may be necessary or desirable.

Assignor hereby covenants that at the time of execution of this assignment, it was the sole and
exclusive owner of the entire right, title and interest in and fo the Patents, and that no assignment,
sale, agreement or encumbrance has been or will be made or entered into which conflicts or
would conflict with this assignment.

IN WITNESS WHEREOF, Assignor has caused this Patent Assignment io be signed on
its behalf on this 24th day of ?Q(Qw&})e‘f“ L 2013,

VastView Technology Inc,
W -
By: “'g’ gﬁ L-{—’-:‘“‘

(Print or type name)

{Print or type titls)

Page 2 of 3
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Schedule A
Patents

US7202843 us
Twi236291 DRIVING CIRCUIT OF A LIQUID CRYSTAL W
DISPLAY PANEL AND RELATED DRIVING
JP4199655 METHOD P
CN100353409 ON
US7420550 L . . . . Us
Liguid crystal display driving device of matrix siructure
type and its driving method
TWI267819 ™
Page 3of3
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PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1

Stylesheet Version v1.2 EPAS ID: PAT2735872

SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
| Name ” Execution Date |
IADVANCED IP INNOVATIONS LIMITED |l02/11/2014 |
RECEIVING PARTY DATA
IName: [SURPASS TECH INNOVATION LLC |
|Street Address: |[3422 OLD CAPITOL TRAIL, SUITE 700 |
lcity: [wiLmINGTON |
|State/Country: |[DELAWARE |
[Postal Code: |l19808-6192 |
PROPERTY NUMBERS Total: 2
| Property Type ” Number |
| Patent Number: | 7420850 |
| Patent Number: 7202843 |
CORRESPONDENCE DATA
Fax Number:
Email: kjones@techknowledgelaw.com
Correspondence will be sent via US Mail when the email attempt is unsuccessful.
Correspondent Name: KEVIN JONES
Address Line 1: 1521 DIAMOND STREET
Address Line 4: SAN FRANCISCO, CALIFORNIA 94131
NAME OF SUBMITTER: KEVIN JONES
Signature: /Kevin Jones/
Date: 02/21/2014

This document serves as an Oath/Declaration (37 CFR 1.63).
Total Attachments: 4
source=assignment 2#page1.tif
source=assignment 2#page?.tif
source=assignment 2#page3.tif
source=assignment 2#page4. tif
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PATENT ASSIGNMENT

WHEREAS, ADVANCED IP INNOVATIONS LIMITED, a Samoa corporation having
its registered office at TMF Chambers, P.O. Box 3269, Apia, Samoa (hereinafter “Assignor™) is
the sole and exclusive owner of the entire right, title and interest in and to certain United States
patents identified in Schedule A attached hereto, and in and to the inventions disclosed therein;
and

WHEREAS, SURPASS TECH INNOVATION LLC, a Delaware limited liability
company having its registered office at 3422 Old Capitol Trail, Suite 700, Wilmington,
Delaware 19808-6192, U.S.A. (hereinafter “Assignee”) is desirous of acquiring all right, title
and interest in and to said patents identified in Schedule A hereto, and to the inventions disclosed
therein;

NOW, THEREFORE, for good and valuable consideration, the receipt and sufficiency of
which is hereby acknowledged, be it known that Assignor has sold, conveyed, assigned and
transferred, and does hereby sell, convey, assign, transfer and set over unto Assignee, the entire
right, title and interest in and to: (i) the patents listed in Schedule A attached hereto and all the
inventions claimed in such patents; (ii) any and all inventions and improvements that are
disclosed in the patents listed in Schedule A, together with all pending applications and all
provisiona! applications, divisional applications, continuation applications, continued
prosecution applications, continuation-in-part applications, substitute applications, renewal
applications, reissue applications, reexaminations, extensions, and all other patent applications
that have been or shall be filed in the United States and all foreign countries on any of said
inventions or improvements, or claiming priority to or relying on the disclosure of any of the
patents listed in Schedule A; (iii) all original patents, reissued patents, reexamination certificates,
and extensions, that have been or shall be issued in the United States and all foreign countries on
said inventions, improvements and/or patent applications; and (iv) all rights of priority resulting
from the filing of said patents and/or patent applications ((i) — (iv) collectively, the “Patents”).

Said sale, conveyance, assignment and transfer includes, without limitation, all rights to enforce,
assert and sue for past, present and future infringement of the Patents, and all rights to recover
and collect for past, present and future damages related to the Patents.

Assignor hereby authorizes and requests the competent authorities to grant and to issue any and
all such Patents in the United States and throughout the world to the Assignee and the entire right,
title and interest therein, as fully and entirely as the same would have been held and enjoyed by
Assignor had this assignment not been made.

Assignor agrees, at any time, upon the request of the Assignee, to execute and to deliver to the
Assignee any additional applications for patents for said inventions and discoveries, or any part
or parts thereof, and any applications for patents of confirmation, registration and importation
based on any of the Patents issuing on said inventions, discoveries, or applications and divisions,
continuations, renewals, revivals, reissues, reexaminations and extensions thereof,

Page 1 0of 3
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Assignor further agrees at any time to cooperate with Assignee, and to execute and to deliver
upon request of the Assignee such additional documents, if any, as are necessary or desirable, in
the prosecution of the Patents, and to secure patent protection on said inventions, discoveries and
applications throughout all countries of the world, and otherwise to do such acts as are necessary
to give full effect to and to perfect the rights of the Assignee under this Assignment, including
the execution, delivery and procurement of any and all further documents evidencing this
assignment, transfer and sale as may be necessary or desirable.

Assignor hereby covenants that at the time of execution of this assignment, it was the sole and
exclusive owner of the entire right, title and interest in and to the Patents, and that no assignment,
sale, agreement or encumbrance has been or will be made or entered inio which conflicts or
would conflict with this assignment.

IN WITNESS WHEREOQF, Assignor has caused this Patent Assignment to be signed on
its behalf on February 11, 2014,

ADVANCED IP INNOVATIONS LIMITED

By:_ K B A= zoig 02711
(Signature)
Shen, Yehren S z%‘q A
(Print or type name)
Director
(Print or type title)

Page 2 of 3
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Patent No.

Schedule A
Patents

Patent Thtle

U.S. Patent No. 7,420,550

Liquid Crystal Display Driving Device of Matrix Structure

Country

Us.
TWI267819 Type and Its Driving Method W
U.S. Patent No. 7,202,843 U.s.
TWI230291 Driving Circuit of A Liquid Crystal Display Panel and w
TP4199655 Related Driving Method P
CN100353409 CN
Page 3 of 3







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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/707,741 04/10/2007 7202843 VASPOOO1USA 1740
27765 7590 03/23/2007
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION
P.O. BOX 506

MERRIFIELD, VA 22116

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 602 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Yung-Hung Shen, Hsin-Chu City, TAIWAN;
Shih-Chung Wang, Kao-Hsiung City, TAIWAN;
Yuhren Shen, Tai-Nan City, TAIWAN;
Cheng-Jung Chen, Miao- Li Hsien, TATWAN;

Page 13
IR103 (Rev. 11/05)



-

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www. uspto.gov

| APrLicATIONNO. | - FILINGDATE | FIRST NAMED INVENTOR [ ArrornEY pockETNO. | conFiRMATION NO.

10/707,741 01/08/2004 © Yung-Hung Shen " VASP0001USA 1740
27765 7590 01/17/2007 I EXAMINER .
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION

. P.O.BOX 506 PATEL, NITIN
MERRIFIELD, VA 22116 | ART UNIT I PAPER NUMBER

2629
l MAIL DATE I DELIVERY MODE
01/17/2007 PAPER

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

PTOL-90A (Rev. 10/06)
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

DATE MAILED:

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
EXAMINER
ART UNIT PAPER
20061028

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

proceeding.

Examiner has initialed IDS (7/20/2004 and considered.

PTO-90C (Rev.04-03)

Commissioner for Patents

Nitin Patel
Examiner
Art Unit: 2629

Page 15



PTO/SB/OBA (10-01)
Approvad for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Office: U.5. DEPARTMENT OF COMMERCE

t the Paparwork Reducuon Act of 1995, no parsons are requlred to respond to a collection of information unless it contains a valid OMB
contro) numbaer,

N\
Substitute for form 1449A/PTO Complete if Known
lication Number 10/707,741
INFORMATION DISCLOSURE [ =™ 0110873008
STATEMENT BY APPLICANT First Named Inventor | Yung-Hung Shen
Art Unit 2673
(use as many sheets as necessary) Examiner Name
\_ Sheet | 1 {of | 1 Attomey Docket Number| VASP0001USA )
U.S. PATENT DOCUMENTS
cite o] Numb Publication Date Name of eamm“ or Pages Columns Ligrsi \.Nhare
|,,ma,,£ Ne.! [Number- Kind Code(if knowr§ MM-DD-YYYY Applicant of Cited Document H urest “';
N | 1 ] us-2002/0044115A1 04/18/2002 Jinda, Akihito, et al.
A | 2 | us-2003/0058264A1 03/27/2003 Takako, Adachi, et al. -
” us-
Uus-
uS-
US-
us-
us-
Us-
us-
USs-
us-
USs-
uUS-
uUs-
US-
uSs-
US-
Us-
US-
FOREIGN PATENT DOCUMENTS
to |———FeselanPatont Document Name of Patentee or Pages. Columns, Linas,
,E,‘?g:":,,{; o S;% conrtry a3 -NUMDBOr- Kind Coxte? g sroem) P;m;g?mﬁe Applicant of Cited Documenl ygzmﬂ?:g:szg::, 18
M 1 |EP-1122711A2A3 08/08/2001 H 0o, Back-Woon, st al. —_ +
A 2 |EP-0660297A2A3 06/28/1995 Sawayama, 6t al. — +
3 |EP-0539185A1 04/28/1993 Mizukata, et al. — +
Examiner
Signature | ° W g;ziderm , - 3 - 09—
"EXAMINER: Initial If reference vhether or not citation is in confor wilh MPEP 609. Draw line through citation if not in
e and not . lndudo copy of this form with next communication o
TA 1t's unique citati i (optional). ? Seo Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP
901.04. 3 Enter Office that Issued the documenl by the two-latter code (WIPO Standard ST.3). 4 For J. o patent
indication of the year of the reign of the Emperor must precede the sarlal number of the palenl doeumonl 5 Kind of document by lhe
appropriate symbals as indicated on the documenl under WIPQO d ST. 18 if p is to place a check mark hore if

English language Translation Is attachad.
Burden Mour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case.

1 Any comments on the amount of time you are required to complete this fonm should be sent to the Chief Information Officer, U.S. Patent and
Ti k Offico, W gton, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant
l Commlssloner for Patents, Washington, OC 20231.
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. omele

control numbaer.

PTOISBIOSB (10-01)

Approved for use through 10/31/2002. OMB 0651-0031
U.S. Patent and Trademark Oiﬁce U.S. DEPARTMENT OF COMMERCE
T the Paperwork Raeduction Act of 1995, no persons are raquired to ' of | unless it a valid OMB

)
Substitute for form 14488/PTO Con:g:::)e I;znown
| _Application Number 7,
INFORMATION DISCLOSURE [ Fijngpate 01/08/2004
STATEMENT BY APPLICANT First Named ‘Invenlor Yung-Hung Shen
Group Art Unit 2673
{use as many sheets as necessary) Examiner Name
\_ Sheet | 1 [of] 1 Attomney Docket Number [VASPO001USA )
OTHER PRIOR ART - NON PATENT LITERATURE DOCUMENTS
Includoe name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
Examiner |Cite itern (book, magazine, joumal. serial, symposium, catalog, etc.), date. page(s). volume-ssue 1?2
tnitials No.!
Baek-Woon Lee, et al.; Reducing Gray-Level Response to One Frame: Dynamic Capacitance +
1 | compensation; Samsung Electronics Corp.; ISSNOQ010966X, 2001
Examiner Date -
Signature A_/(//) Copsidered ’ 3 o l~
*EXAMINER: Initial if od, whether or not citalion ig In confor:mance with MPEP 609. Draw line through citation if not in conformance

and not considered. Include copy of this lofm with next lcation to

¥ Applicant’s unique cilation d

ignati ber (op ). 2 Appli Is to placo a check mark here if English language Trar is

Burden Hour Statemant: This form is estimated to take 2.0 hours to complete. Time will vary deponding upon the needs of the individual case. Any
commenis on the amount of ime you are required to complete this form should be sent to the Chief Information Officar, U.S. Patent and Trademark
Office, Washinglon, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents,

Washington. DC 20231
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To: USPTO-1 Page 2 of 2

o\P&

2006-12-21 05:40:19 (GMT) 8064986673

DEC 2 1 2006

PART B - FEE(S) TRANSMITTAL

d send this form, together with applicable fee(s), to: Mafl %’hll Stop ISSUE FEE

ommissioner for Pateats
17.0. Box 1450
Alexandria, Virginia 22313-1450

) or Fpx (571)-273-288S%
INSTRUCTIONS: 'This form should be used for tansamtiing th

. ] X o ISSUE FPEE and PG!’T},IC/\TK)N FEE (il roquired). Blocks | throngh 5 shiuld be complewed where
appropriste, All Turther concspondence including the Peiant, advance orders nnd nuification of maintenance fees will be mailed to the cunent corredpondence Address ax
tndiealzd unlesy corylgclog! below or direstnd athérwine in Block |, by (1) specifying u new cuniespondence address, and/or (1) indicnting o separate “l[

: CEE ADDRESS® fur
L ¢ fec nou . r

CURRENT CORRESFONDINCE ADLIRESS (Nokw: Uxe Binck § fur uny riwtgs of wilibresd Nate: A cenilicate of maﬂu)? can only be used lor domesue mailings of the
Feefa) Transmittal, This eentsficsto canhiot be used Ibr any oter sccompanying

npery. Kach sdditional paper, such a3 an ussignment of farmal drawing, must

027765 7580 10/31/2006 Ave its awn certiticate oF muiting or transmission,
Certiticnte of Malling or Transmisston

NORTH AMERICA INTELLECTUAL PROPERTY [ herehy centify thut his Fecﬁ's) Tronsmitial is being depaxited with the Unied
CORPORATION States Poxtst Service with sufficient pasiage for first etass mait in an envelope

P.0.BOX 506 nddressed © the Mail Stop ISSUE FEE address above, or belng facsimiie

.EﬁR FI!.:',L.D VA 22116 . unnswitted to the USPTO (571) 273-2RRS, on the dac nnd-ymcd holow.
12/21/2006"RBSRANE 00000001 503105 10707741 Stephanio Lai ___ g, e
2 - {Nignature}
01 FC:0501 700.00 b4 . W ~

02 FC:1504 300.00 DA : 122172008 —

i_ ArpLICATION NO. FILING DATE i FIRST NAMED INVENTOR L\'rr«)uuﬂv DOCKITNO, { CONFIRMATION NG. J
10/707.741 01/08/2004 *Yung-Hung Shen VASPOOD1USA 1740

TITLE _OF INVENTION:  DRIVING CIRTUIT OF A LIQUID CRYSTAL DISPLAY PANEL AND RELATED DRIVING METHOD

[ APELN. TYPE { SMALL ENTITY [ prvep FRE DUF, i PUBLICATION FEE DUS l PREV. PAID ISSUE FEE | TOTAL PEF(S) DUE ] DATE DUE _}
nonprovisional YES $700 $300 $0 $1000 01/31/2007
[ EXAMINTI ] ART UNIT L CLASS.SUBCLASS ]
PATEL, NITIN 2628 345-087000
(lthl‘l‘"Iu.‘ z}r])f comrespondence addriss or indication of “Fee Addmu's" 37 2, ‘Fur printiug o the potent front page, list

(1) the nomes of up 1o 3 rogistorcd parent attarneys .o
O Change of corrosnondence address (or Change of Corrsspendence or ngunts QR, sltematively,
Addeess funn FTOZSB/22) aftached
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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.O. Box

Alexandm, Vugmul 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

027765 7590 10/31/2006 L EXAMINER |
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION : PATEL, NITIN
P.0. BOX 506 ) [ ART UNIT PAPER NUMBER |
MERRIFIELD, VA 22116 ‘ 2629
' DATE MAILED: 10/31/2006
[ aeeuicarionno. | Fimvg paTe [ FIRST NAMED INVENTOR [ ATrornEY DOCKETNO. | ConFiRMATION NO. |
10/707,741 01/08/2004 : . Yung-Hung Shen VASPO0OOIUSA 1740

TITLE OF INVENTION: DRIVING CIRCUIT OF A LIQUID CRYSTAL DISPLAY PANEL AND RELATED DRIVING METHOD

| APPLN. TYPE I SMALL ENTITY | ISSUE FEE DUE IPUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE I

nonprovisional YES $700 $300 $0 $1000 01/31/2007

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 . SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TQ 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 requ:red) and 1/2

the ISSUE FEE shown above.

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

IIl. 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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PART B - FEE(S) TRANSMITTAL

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

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

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

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

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

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

027765 7590 10/31/2006
Certificate of Mailing or Transmission

NORTH AMERICA INTELLECTUAL PROPERTY CORPORATI®Nb certig that this Fee&sl) Transmittal is being deposited with the United
el I

P.O. BOX 506 States Postal Service with sufficient postage for first class mail in an envelope
- p addressed to the Mail Stog ISSUE FEE address above, or beinF facsimile
MERRIFIELD, VA 22116 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. CONFIRMATION NO. l
10/707,741 01/08/2004 Yung-Hung Shen VASP0001USA 1740
TITLE OF INVENTION: DRIVING CIRCUIT OF A LIQUID CRYSTAL DISPLAY PANEL AND RELATED DRIVING METHOD
I APPLN, TYPE SMALL ENTITY I ISSUE FEE DUE | PUBLICATION FEE DUE l PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE I DATE DUE
nonprovisional YES $700 $300 ) $0 $1000 01/31/2007
| EXAMINER l ART UNIT | CLASS-SUBCLASS |
PATEL, NITIN 2629 345-087000
1. Chansgc of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . (1) the names of up to 3 registered patent attorneys 1
(3 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
O "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 registered patent attomeys or agents. If no nameis 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)

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individual OJ Corporation or other private group entity 1 Government

4a. The following fee(s) arc submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
(3 Issuc Fec (J A check is enclosed.
U Publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
O Advance Order - #of Copies (O The Director is hereby authorized to charge the required fee%s), any deficiency, or credit arlxy
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

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

Authorized Signature . Date

Typed or printed name Registration No.

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

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing,‘and

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

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

R?x 1432, A\lqua_n i 3,2 \;ir 1{22022313-]450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
cxandria, Virginia - .

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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

r APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | ~ CONFIRMATION NO. |
10/707,741 ~ 01/08/2004 Yung-Hung Shen VASP0001USA 1740
027765 7590 10/3112006 I EXAMINER |
NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION PATEL, NITIN
P.0. BOX 506 I ART UNIT | PAPER NUMBER |
MERRIFIELD, VA 22116 2629 g

DATE MAILED: 10/31/2006

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 602 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 602 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)

. - 10/707,741 SHEN ET AL.
Notice of Allowability Examiner Art Unit
Nitin Patel 2629

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

1. X This communication is responsive to 1/8/2004.
2. X] The allowed claim(s) is/are 1-9.

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

a)X Al b)) Some* c¢)[JNone of the:
1. [X] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [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:
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] 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.
(@) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [0 hereto or 2) [] to Paper No./Mail Date ____.
(b) O 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. X Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .

3. X iInformation Disclosure Statements (PTO/SB/08), 7. [0 Examiner's Amendment/Comment

Paper No./Mail Date 7/20/2004
4. [] Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9.[] Other _ .

N g N

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper N°-”‘ﬂﬁ!i“98%t§' 20061028




Application/Control Number: 10/707,741 Page 2
Art Unit: 2629

REASON FOR ALLOWANCE
1. Claims 1-9 are allowed. |
2. The following is an exahiner’s statement of reason for allowance:

Ham (US 20040196229) shows apply the normal data to the liquid crystal panel
at the initial half period of the frame after supplying of the modulated data to the liquid
crystal panel during the later half period of the frame, thus a desired brightness level is
achieved within the initial period of the frame.

Lee (US 20010038372) shows a driving method for LCD having a data gray
signal modifier for receiving gray signal from a data gray signal source, and outputting
modification gray signals by consideration of gray signals of present and previous
frames; a data driver for changing the modification gray signals into corresponding data
voltages and outputting image signals; a gate driver for sequentially supplying scanning
signals and an LCD panel having a plurality of gate lines for transmitting the scanning
signals; a plurality of data lines being insulted from the gate lines and crossing them for
transmitting the image signals and a plurality of pixels formed by an area surrounded by
gate lines and data lines and arranged as a matrix pattern.

The prior art fails to teach or suggest a method for driving a liquid crystal display
(LCD) panel, the LCD panel comprising: a plurality of scan lines; a plurality of data lines;
and a plurality of pixels, each pixel being connected to a corresponding scan line and a
corresponding data line, and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan line, the corresponding data line,

and the liquid crystal device, and the method comprising: receiving continuously a
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Application/Control Number: 10/707,741 Page 3
Art Unit: 2629

plurality of frame data; generating a plurality of data impulses for each pixel

within every frame period according to the frame data; and applying the data

impulses to the liquid crystal device of one of the pixels within one frame period

via the data line connected to the pixel in order to control a transmission rate of

the liquid crystal device of the pixel as claimed in claim 1.

The prior art fails to teach or suggest a driving circuit for driving an LCD panel,
the LCD panel comprising: a. plurality of scan lines; a plurality of data lines; and a
plurality of pixels, eacﬁ pixel being connected to a corresponding scan line and a
corresponding data line, and each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan line, the corresponding data line,

and the quuﬂid crystal device, the driving circuit comprising: a blur clear converter for

receiving frame data every frame period, each frame data comprising a plurality

of pixel data and each pixel data corresponding to a pixel, the blur clear converter

delaying current frame data to generate delayed frame data and generating a

plurality of overdriven pixel data within every frame period for each pixel: a

source driver for generating a plurality of data impulses to each pixel according

to the plurality of overdriven pixel data generated by the blur clear converter and

applying the data impulses to the liquid crystal device of the pixel via the scan

line connected to the pixel within one frame period in order to control

transmission rate of the liquid crystal device; and a gate driver for applying a

scan line voltage to the switch device of the pixel so that the data impulses can

be applied to the liquid crystal device of the pixel as claimed in claim 7.
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Art Unit: 2629

3. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion
4, Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Nitin Patel whose telephone number is 571-272-7677.
The examiner can normally be reached on 8:00-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Bipin H. Shalwala can be reached on 571-272-7681. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

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

(\/\ﬂ%}y

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Nitin Patel
Examiner
Art Unit 2629
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(57) Disclosed is an LCD and driving method there-
of. The present invention comprises a data gray signal
modifier for receiving gray signals from a data gray sig-
nal source, and outputting modification gray signals by
consideration of gray signals of present and previous
frames; a data driver for changing the modification gray
signals into corresponding data voltages and outputting
image signals; a gate driver for sequentially supplying

Fig.1

Liquid crystal display and driving method thereof

scanning signals; and an LCD panel comprising a plu-
rality of gate lines for transmitting the scanning signals;
a plurality of data lines, being insulated from the gate
lines and crossing them, for transmitting the image sig-
nals; and a plurality of pixels, formed by an area sur-
rounded by the gate lines and data iines and arranged
as a matrix pattern, having switching elements connect-
ed to the gate lines and data lines. :
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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001} The present invention relates to a Liquid Crystal Display (LCD) and driving method thereof. More specifically,
the present invention relates to an LCD and driving method for providing compensated data voltage in order to improve
a response speed of the liquid crystal.

(b) Description of the Related Art

[0002] As personal computers (PC) and televisions have recently become lighter in weight and slimmer in thickness,
display devices have also teen required to become lighter and slimmer. Accordingly, flat panei type displaD00000000ys
such as the LCD instead of cathode ray tubes (CRT) have been developed.

{0003] Inthe LCD. an clectric hicld 1s supphed to liquid crystal material having anisotropic permittivity and is injected
between two substrates. and the quantity of light projected on the substrates is controlled by the intensity of the electric
field, thereby obtaining desired image signals. Such an LCD is one of the most commonly used portable flat panel
display devices, and in parlicular. the thin film transislor liquid crystal display (TFT-LCD) employing the TFT as a swilch-
ing element is widely utilized. .

[0004] As the TFT-LCDs have been increasingly used as display devices of computers and televisions, the need for
implementing moving pictures has increased. However, since the conventional TFT-LCDs have a delayed response
speed, it is difficult to implement moving pictures using the conventional TFT-LCD. To solve the problem of the delayed
responsc spced, another type of TFT-LCD that uses the optically compensated band (OCB) mode or ferro-electric
liquid crystal (FLC) has been developed.

[0005] However, the structure of the conventional TFT-LCD panel must be modified to use the OCB mode orthe FLC.

SUMMARY OF THE INVENTION

[0006] it is an object of the present invention to enhance the response speed of the liquid crystal by modifying the
liquid crystal driving method without modifying the structure of the TFT-LCD.

[0007] In one aspect of the present invention, an LCD comprises: a data gray signal modifier for receiving gray
signals from a data gray signal source, and outputting modification gray signals by consideration of gray signals of
present and previous frames; a datadriver for changing the modification gray signals into corresponding data voitages
and outputting image signals; a gate driver for sequentially supplying scanning signals; and an LCD panel comprising
a plurality of gate lines for transmitting the scanning signals; a plurality of data fines, being insulated from the gate lines
and crossing them, for transmitting the image signals; and a plurality of pixels, formed by an area surrounded by the
gate lines and data lines and arranged as a matrix pattern, having switching elements connected to the gate lines and
data lines.

[0008] The data gray signal medifier comprises: a frame storage device for receiving the gray signals from the data
gray signal source, storing the gray signals during a single frame, and outputting the same; a controller for controlling
wiiting and reading the gray signals of the frame storage device; and a dala gray signal converter for considering the
gray signals of a present frame transmilted by the data gray signal source and the gray signals of a previous frame
transmitted by the frame storage device, and outputting the modification gray signals.

{0009] The LCD further comprises: a combiner for receiving the gray signals from the data gray signal source, com-
bining the gray signals to be synchronized with the clock signal frequency with which the controller is synchronized,
and oulpuliing lhe combined gray signals lo the [rame storage device and Lhe dala gray signal converler; and a divider
for dividing the gray signals output by the data gray signal converter so as to be synchronized with the frequency with
which the gray signals transmitted by the data gray signal source are synchronized.

[0010] In another aspect of the present invention, in an LCD driving method comprising a plurality of gate lines; a
plurality of data lines being insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area
surrounded by the gate lines and data lines and arranged as a matrix pattern, having switching clements connected
to the gate lines and data lines, an LCD driving method comprises: (a) sequentially supplying scanning signais 1o the
gate lines; (b) receiving image signals from a image signal source, and generaling modification image signals by con-
sideringimage signals of present and previous frames; and (c) supplying data voltages corresponding to the generated
modification image signais to the data lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute a pan of the specification. illustrate an
embodiment of the invention, and. together with the description, serve to explain the principles of the invention:

FIG. 1 shows an equivalence circuit of an LCD pixe!;

FIG. 2 shows data voltages and pixel voltages supplied by a prior driving method;

FIG. 3 shows a transmission of the LCD according to a prior driving method;

FIG 4 shows a modeled relation between the voltage and permittivity of the LCD;

FIG 5 shows a method for supplying the data voltage according to a first preferred embodiment of the present
invenhion:

FIG 6 shows a permitlivity of the LCD in case of supplying the data voltage according to the first preferred em-
rod ment of the present invention;

FIG 7 shows a permittivity of the LCD in case of supplying the data voltage according to a second preferred
cmboaiment of the present invention;

FIG 8 shows ar LCD according to the preferred embodiment of the present invention;

FIG 9 shows a dala gray signal modifier according to the preferred embodiment of the present invention;

FIG 10 shows a ccnversion table according to the first preferred embodiment of the present invention;

FIG 11 shows A dala gray signal maodifier according to a second embodiment of the present invention,

FIG 12 conceptually shows an operation of the data gray signal modifier according to the first preferred embodi-
ment of the present invention shown in FIG. 11;

FIG 13 conceptually shows an operation of the data gray signal modifier according to the second preferred em-
bediment of the present invention shown in FIG. 11;

FIG 14 shows a data gray signal modificr according to a third embodiment of the present invention;

F1Gs. 15(a) 10 15(c) show a conversion process of the modified gray data computed according to the third preferred
embodiment of the present invention; and

FIG. 16 shows a wavefonn diagram for comparing the conventional voltage supply method with that according to
the prelerred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] in the following detailed description, only the preferred embodiment of the invention has been shown and
described, simply by way of illustration of the best mode contemplated by the inventor(s) of carrying out the invention.
As will be realized, the invention is capable of modification in various obvious respects, all without departing from the
invention. Accordingly. the drawings and description are 1o be regarded as illustrative in nature, and not restrictive.
{0013] The LCD comprises a plurality of gate lines which transmit scanning signals, a plurality of data lines which
cross the gate lines and transmit image data, and a plurality of pixels which are formed by regions defined by the gate
lines and data lines, and are interconnected through the gate lines, data lines, and switching elements.

[0014] Each pixel of the LCD can be modeled as a capacitor having the liquid crystal as a dielectric substance, that
is, a liquid crystal capacitor, and FIG. 1 shows an equivalence circuit of the pixel of the LCD.

[0015] As shown, the LCD pixel comprises a TFT 10 having a source electrode connected io a data line D, and a
gate electrode connected to a gate line S, a liquid crystal capacitor C4 connected between a drain electrode of the
TFT 10 and a common voltage V., and a storage capacitor Cg connected to the drain electrode of the TFT 10.
[0016] When a gate ON signal is supplied to the gate line Sn to turm on the TFT 10, the data voltage V4 supplied to
the data line is supplied to each pixel electrode (not illustrated) via the TFT 10. Then, an electric field corresponding
to a difference between the pixel voitage Vp supplied to the pixel electrode and the common voftage V., is supplied
1o the liquid cryslal (shown as the liquid cryslal capacilor in FIG. 1) so thal the light permeales the TFT with a lrans-
mission corresponding to a strength of the electric field. At this time, the pixel voltage V,, is maintained during one
frame period. The storage capacitor Cy is used in an auxiliary manner so as to maintain the pixel vo'tage V, supplied
to the pixel electrode.

[0017) Since the liquid crystal has anisotropic permittivity, the permittivity depends on the directions of the liquid
crystal. That is, when a dircction of the liquid crystal is changed as the voltage is supplicd to the liquid crystal, the
permittivity is also changed, and accordingly, the capacitance of the liquid crystal capacitor (which will be referred to
as the liquid crystal capacitance) is also changed. After the liquid crystal capacitor is charged while the TFT is turned
ON, the TFT is then turned OFF. If the liquid crystal capacitance is changed, the pixel voitage V,, at the liquid crystal
is also changed, since Q=CV.

[0018] For an example of normally white mode twisted nematics (TN) LCD, when zero voltage is supplied to the
pixel, the liquid crystal capacitance C{0V) becomes €, A/d, where g, represents the permittivity when the liquid crystal
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molecules are arranged in the direction parallel with the LCD substrate, that is, when the liquid crystal molecules are
arranged in the direction perpendicular with that of the light, ‘A’ represents the area of the LCD substrate, and 'd'
represents the distance between the substrates. If the voltage for implementing a full black is set to be 5V, when the
5V voltage is supplied to the liquid crystal, the liquid crystal is arranged in the direction perpendicular to the substrate,
and therefore, the liquid crystal capacitance C(5V) becomes g, A/d. Since ¢, - €, > 0 in the case of the liquid crystal
used in the TN mode, the more the pixel voltage supplied to the liquid crystal becomes greater, the more the liquid
crystal capacitance becomes greater.

[0019] The amount the TFT must charge so as to make the n-th frame full black is C(5V) x 5V. However, i it is
assumed that the (n-1)th frame is full white (V,,.4=0V). the liquid crystal capacitance becomes C(0V) since the liquid
crystal has not yet responded during the TFT's tum ON period. Hence, even when the n-th frame supplies 5V data
voltage Vd to the pixel, the actual amount of the charge provided 1o the pixel becomes C(0V) x 5V, and since C(0V) <
C(5V), the pixel vollage below 5V (e.g., 3.5V) is actually supplied to the liquid crystal, and the full black is not imple-
mented. Further, when the (n+1)th frame supplies 5V data voitage V4 so as to implement the full black, the amount of
the charge provided to the liquid crystal becomes C(3.5V) x 5V, and accordingly, the voltage V,, supplied to the liquid
crystal ranges between 3.5V and 5V. After repeating the above-noted process, the pixel voltage V, reaches a desired
voltage after a few frames.

[0020] The above-noted description will now be described with respect to gray levels. When a signal (a pixel voltage)
supplied to a pixe! is changed from a lower gray to a higher gray (or from a higher gray to a lower gray), the gray of
the presenl frame reaches lhe desired gray afler a few frames since lhe gray of the present frame is affected by lhe
gray of a previous frame. In a similar manner, the pemittivity of the pixel of the present frame reaches a desired value
after a few frames since the permittivity of the pixel of the present frame is affected by that of the pixels of the previous
frarme.

[00:1] Ifthe (n-1)th frame is full black, that is, the pixel voltage Vp is 5V, and the n-th frame supplies 5V data voltage
so as to implement the full black, the amount of the charge corresponding to C(5V) x 5V is charged to the pixel since
the liquid crystal capacitance is C(5V), and accordingly, the pixel voltage Vp of the liquid crystal becomes 5V.

[0022] Therefore, the pixel voltage V, actually supplied to the liquid crystal is determined by the data voltage supplied
to the present frame as well as the pixel voltage V,, of the previous frame.

[0023] FIG. 2 shows the data voltages and pixel voltages supplied by a prior driving method.

[0024] As shown, the data voltage V4 corresponding to a target pixel voltage V,, is conventionally supplied for each
frame without regarding the pixel voltage V,, of the previous frame. Hence, the actual pixel voltage Vp supplied to the
liquid crystal becomes lower or higher than the target pixel voltage by the liquid crystal capacitance corresponding to
the pixel voltage of the previous frame, as described above. Hence, the pixel voltage V, reaches the target pixel voltage
after a few frames.

[0025] FIG. 3 shows a transmission of the LCD according to a prior driving method.

[0026] As shown, since the actual pixel voltage becomes lower than the target pixel voltage, the permittivity reaches
the target pemittivity after a few frames even when the response time of the liquid crystal is within one frame.
[0027] In the preferred embodiment of the present invention, a picture signal S, of the present frame is compared
with a picture signal S, , of a previous frame so as to generate a modification signal S, and the modified picture signal
S, is supplied to each pixel. Here, the picture signal S, represents the data voltage in the case of analog driving
methods. However, since binary gray codes are used to control the daia voltage in digital driving methods, the actual
modification of the voltage supplied to the pixel is performed by the modification of the gray signal.

[0028] First, if the picture signal (the gray signal or data voltage) of the present frame is identical with the picture
signal of the previous frame, the modification is not performed.

[0029] Second, if the gray signal (or the data voltage) of the present frame is higher than that of the previous frame,
a modified gray signal {data voltage) higher than the present gray signal (data voitage) is output, and if the gray signal
(or the data voltage) of the present frame is lower than that of the previous frame, a modified gray signal (data vollage)
lower than Llhe present gray signal (dala voltage) is oulpul. Al Lhis time, the modification degree is proportional to the
difference between the present gray signal (data voltage) and the gray signal (data voltage) of the previous frame.
[0030] A method for modifying the data voltage according to a preferred embodiment will now be described.
[0031] FIG. 4 shows a modeled relation between the voltage and permittivity of the LCD.

[0032] As shown, the horizontal axis represents the pixel voltage, and the permpendicular axis represents a ratio
between the permittivity e(v) at a predetermined pixel voltage v and the pemmittivity €, at the time the liquid crystal is
arranged parallel to the substrate, that is, when the liquid crystal is perpendicularto the permeating direction of the light.
[0033] The maximum value of g(V)/e,, that s, g, /e, is assumed to be 3, V,, to be 1V, and V. to be 4V. Here, the
Vin and V..., respectively represent the pixel voltages of the full white and full black (or vice versa).

[0034] When the capacitance of the storage capacitor (which will be referred to as the storage capacitance) is set
to be identical with an average value <C,> of the liquid crystal capacitance, and the area of the LCD substrate and
distance between the substrates are respectively set to be 'A* and 'd’, the storage capacitance Cg, can be expressed
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as Equation 1.
Equation 1 C. =< C,;>=(1/3)-(g, + 2¢,)(A/d) = (5/3)-(g, -A/d) = (5/3)-CO

where CO = g,-A/d.
{0035] Referring to FIG. 4, e{V)/&, can be expressed as Equation 2.

Equation 2 e(v)e, = (1/3)-(2V+ 1)

[0036] Since total capacitance C(V) of the LCD is the sum of the liquid crystal and the storage capacitance, the
capacitance C(V) can be expressed in Equation 3 from Equations 1 and 2.

Equation 3

CW)=C, +C,, =£(v)-(A/d)+(5/3)-CO=(1/3)-(2V +1)-CO+(5/3)-CO
=(2/3)-(¥ +3)-CO

[0037] Since thc charge Q supplicd to the pixcl is preserved, the following Equation 4 is cstablished.
Equation 4 Q=C(V,,)V,=C(Vy)V;

where V,, represents the data voltage (or, an absolute value of the data voltage of an inverting driving method)
to be supplied to the present frame, C(V,,.1) represents the capacitance corresponding to the pixel voltage of the
previous frame (that is, (n-1)th frame), and C(V,) represents the capacitance corresponding to the actual voltage Vi, of
the pixel of the present frame (that is, n-th frame).
[0038] Equation 5 can be derived from Equations 3 and 4.

Equation § OV, )V = C(V)-Vy = (23)(V, 4 +3)-V,, = (213)(V + 3)-V,

[0039] Hence, the actual pixel voltage Vf can be expressed as Equation 6.

Equation 6 V,= (3+ [+aV(V, ¥3))2

[0040] As clearly expressed in Equation 6, the actual pixel voltage V, is determined by the data voltage V,, supplied
to the present frame and the pixel voltage V4 supplied to the previous frame.

[0041] If the data voltage supplied in order for the pixel voltage to reach the target voltage V,, at the n-th frame is set
1o be V., the data voltage V,,’ can be expressed as Equation 7 from Equation 5.

Equation 7 (Vo +3)-V, ' =(V,+3)-V,

-1

(0042] Hence, the data voltage V,,' can be expressed as Equation 8.

Va vV, -V
Equation 8 Vie_™ v _vy n "oy
qu n n vn.1+3 n n+———————vn‘1+3 n

[0043] As noted-above, when supplying the data voltage V' obtained by the Equation 8 by the consideration of the
target pixel voltage V,, of the present frame and the pixel voltage V, 4 of the previous frame, the pixel voltage can
directly reach the target pixel voltage V,,.
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[0044] Equation 8 is derived from FIG. 4 and a few assumptions, and the daia vollage V' applied 10 the general
LCD can be expressed as Equation 9.

Equation 9 vl = |V,,| + l(|Vn|-|Vn_1l)

where the function f is determined by the characteristics of the LCD. The function f has the following character-
istics.
[0045] Thatis. f =0 when IV J=IV,4i, > 0 when IV {>IV, 41, and f < O when |V} <1V, 4l.
[0046] A method for supplying the data voltage according to a first preferred embodiment of the present invention
will now be described.
[0047] FI13 5 snows the method for supplying the data voltage.
{0048] As shown in the first preferred embodiment, the data voltage V,’ modified by consideration of the target pixel
voltage of the present frame and the pixel voltage (data voltage) of the previous frame is supplied, and the pixel voltage
Vp reacnes the target voltage. That is, in the case the target voltage of the present trame is difterent from the pixel
valtage o! tne orevious trame, the voltage higher (or lower) than the target voltage of the present frame is supplied as
the modilicd dala voltage so as to reach the target voltage level at the first frame, and after this, the target voltage is
supplica as the oala vollage at the foltowing frames. Therefore, the response speed of the liquid crystal can be in-
creased.
[0049] At this lime. the modified data voltage (charges) is determined by consideration of the liquid crystal capaci-
tance determined by the pixel voltage of the previous frame. That is, the charge Q is supplied by considering the pixel
voltage level of the previous frame so as to directly reach the target voltage level at the first frame.
[0050] FIG 6 shows a pemmittivity of the LCD in the case of supplying the data voltage according to the first preferred
cmbodiment of the present invention. As shown, since the modified data voltage is supplicd according to the first
preferred embodiment. the permittivity directly reaches the target permittivity.
[0051] In asecond preferred embodiment, a modified voltage V' a little higher than the target voltage is supplied to
the pixel vollage. As shown in FIG. 7, the permittivity becomes lower than the target permittivity before a half of the
response time of the liquid crystal, but after this, the permittivity becomes overcompensated compared to the target
value so that the average permittivity becomes equal to the target permittivity.
[0052] An LCD will now be described according to a preferred embodiment of the present invention.
[0053] FIG. 8 shows an LCD according to the preferred embodiment of the present invention. The LCD according
to the preferred embodiment uses a digital driving method.
[0054] As shown, the LCD comprises an LCD panel 100, a gate driver 200, a data driver 300 and a data gray signal
modifier 400.
[0055} A plurality of gate lines S1, S2, ..., Sn for transmitting gate ON signals, and a plurality of data lines D1, D2, ...,
Dn for transmitting the modified data voltages are formed on the LCD panel 100. An area surrounded by the gate lines
and data lines forms a pixel, and the pixel comprises TFTs 110 having a gate electrode connected to the gate line and
having a source electrode connected to the data line, a pixel capacitor C1 connected to a drain electrode of the TFT
110, and a storage capacitor Cg;.
[0056] The gate driver 200 sequentially supplies the gate ON voltage to the gate lines so as to turn on the TFT having
a gate electrode connected to the gate line to which the gate ON voltage is supplied.
[0057] The data gray signal modifier 400 receives n-bit data gray signals G, from a data gray signal source (e.g., a
graphic signal controlier), and outputs the m-bit modified dala gray signals G,,' by consideration of the m-bit data gray
signals of the present and previous frames. At this time, the data gray signal modifier 400 can be a stand-alone unit
or can be integrated into a graphic card or an LCD module.
{0058] The dala driver 300 converts the modified gray signals G,,’ received from the data gray signal modifier 400
inlo corresponding gray vollages (data vollages) so as o supply the same lo lhe dala lines.
[0059] FIG. 9 shows a detailed block diagram of the data gray signal modifier 400 of FIG. 8.
[0060] As shown, the dala gray signal modifier 400 comprises a combiner 410, a frame memory 420, a controller
430, a data gray signal converter 440 and a divider 450. The combiner 410 receives gray signals from the data gray
signal source, and converts the frequency of the data stream into a speed that can be processed by the data gray
signal modificr 400. For cxample, if 24-bit data synchronized with the 66MHz frequency are transmitted from the data
gray signal source and the processing speed of the components of the data gray signal modifier 400 is limited within
S0MHz, the combiner 410 combines the 24-bit gray signals into 48-bil gray signais G, two by two and then transmits
the same to the frame memory 420.
[0061] The combined gray signals G, output the previous gray signals G, , stored in a predetermined address to
the data gray signal converter 440 according to a contral process by the controller 430 and concurrently stores the
gray signals G,, transmitted by the combiner 410 in the above-noted address. The data gray signal converter 440
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receives the present frame gray signals G, output by the combiner and the previous frame gray signals Gq,.4 output
by the frame memory 420, and generates modified gray signals G,,’ by processing the gray signails of the present and
previous frames.

[0062] The divider 450 divides 48-bit modified data gray signals G’ oulput by the data gray signal converter 440
and outputs 24-bit modified gray signals G,,".

[0063] Inthe prelerred embodiment of the present invention, since the clock frequency synchronized to the data gray
signal is different from that for accessing the frame memory 420, the combiner 410 and the divider 450 are needed,
but in the case the clock frequency synchronized to the data gray signal is identical with that for accessing the frame
memory 420, the combiner 410 and the divider 450 are not needed.

[0064] Any digital circuits that satisfy the above-defined equation 9 can be manutactured as the data gray signal
converter 440.

[0065] Also. in the case a lookup table is made and stored in a read only memory (ROM), the gray signals can be
modified by accessing the lookup table.

[0066] Since the modified gray voltage V,,' is not only proportional to the difference between the data voltage V.4 of
the previous frame and the V,, of the previous frame but also depends on their respective absolute values, the config-
uration of the lookup 1able makes the circuil more easy compared to the computation process.

[0067] In order lo modify the data voltage according 1o the preferred embodiment of the present invention, a dynamic
range wider than the actually used gray scale range must be used. In the analog circuits, this problem can be solved
using high voltage inlegrated circuils, but in the digital circuit, the number of the grays is restricled. For example, in
the 6-bit gray case, a portion of the 64 gray levels has to be assigned not for the actual gray representation but for the
modified voltage. That is, a portion of the gray level should be assigned for modification of the voltage, and hence the
number of the grays to be represented is reduced.

{0068] In order to prevent the reduction of the number of the grays, a truncation concept can be introduced. For
cxample, it is assumcd that the voltage from 0 to 8V is necessary when the liquid crystal is activated at voltage from
1 to 4V and a modification voltage is considered. At this time, when dividing the voltage having the range from 0 to 8V
into 64 levels in orderto perform a full medification, the number of the grays which can be actually represented becomes
about 30 at most. Therefore, in the case the range of the voltage becomes 1 to 4V and the modified voltage V' becomes
greater than 4V, the number of the grays can be reduced if truncating all the modification voltages to 4V.

[0069] FIG. 10 shows a configuration of the lookup table to which the concept of the truncation is introduced according
to the preferred embodiment of the present invention.

[0070] . In the preferred embodiments of the present invention. the LCD driven by a digital method is described, and
also the present invention can be applied to the LCD driven by an analog method.

{0071] In this case, a data gray signal modifier which functions corresponding to the data gray signal modifier as
described in FIG. 8 is needed, and this data gray signal modifier can be implemented using an analog circuit that
satisfies the equation 9.

[0072] As described above, the pixel vollage reaches the target voltage level as the data voltage is modified and the
modified data voltage is provided to the pixels. Therefore, the configuration of the TFT LCD panel is not neededto be
changed and the response speed of the liquid crystal can be improved.

[0073] FIG. 11 shows a detailed block diagram of the data gray signal modifier 400 according to a second preferred
embodiment of the present invention.

[0074] As shown, the data gray signal modifier 400 comprises a frame memory 460. a controller 470 and a data gray
signal converter 480, and receives n-bit gray signals of the respective red (R), green (G) and blue (B) from the data
gray signal source. Therefore, the total number of bits of the gray signals transmitted to the data gray signal converter
480 becomes (3 x n) bits. Here, a skilled person can make either the (3 x n)-bit gray signals be concurrently supplied
to the data gray signal modifier 480 from the data gray signal source, or make the respective n-bit R, G and B gray
signals be sequentially supplied to the same.

[0075] Relerring to FIG. 11, the frame memory 460 [ixes lhe bil of the gray signal to be modified. The frame memory
460 receives m bits of the n-bit R, G and B gray signals from the data gray signal source, stores the same in prede-
termined addresses corresponding to the R, G and B, and outputs the same to the data gray signal converter 480 after
a single frame delay. That is, the frame memory 460 receives the m-bit gray signals G,, of the present frame and cutpuits
m-bit gray signals G, 4 of the previous frame.

[0076] The data gray signal converter 480 receives (n-m) bits of the present frame G, which arc passed through
without modification, m bits of the present frame received for modification, and mbits of the previous frame G, , delayed
by the frame memory 460, and then generates the modified gray signals G, by considering the m bits of the present
and previous frames.

[0077] The above-noted description will now be further provided, with reference to FIG. 12.

[0078] FIG. 12 conceptually shows an operation of the data gray signal modifier according to the first preferred
embodiment of the present invention. Itis assumed that the R, G and B gray signals transmitted 1o the dala gray signal
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modifier 400 from the data gray signal source are respectively 8-bit signals.

[0079] Two bits (bils of the present frame) starting from the LSB among 8-bit gray signals transmitted to the data
gray signal modifier 400 are not modified, and they are input to the data gray signal converter 480. The remaining 6
bits of the present frame are input to the data gray signal converter 480 for modification and concurrently stored in
predetermined addresses of the frame memory 460.

[0080] Here, since the frame memory 460 stores the bit of the present frame during a single frame period and then
outputs the same, 6-bit gray signals of the previous frame are output to the data gray signal converter 480.

[0081] The data gray signal converter 480 receives 6-bit gray signals of the present frame and 6-bit R gray signals
of the previous frame, generates modified gray signals considering the 6-bit R gray signals of the previous and present
frames, adds the generated 6-bit gray signals and the 2-bit LSB gray signals of the present frame, and oulpults finally
modified 8-bit gray signals G,

[0082] in the same manner as with the R gray signals, the data gray signal converter 480 outputs modified 8-bit G
and B gray signals considering the 6-bit gray signals of the present and previous frames. The 8-bit modified gray signals
are converted into corresponding voltages by a data driver and supplied to the data fines.

[0083] Here, the 6-bit R, G and B gray signals are stored in the established addresses of the frame memory 460. A
skilled person can use a single frame memory 460 to assign the addresses for covering the R, G and B, or use three
frame memories for the respective R, G and B to function as a single frame.

{0084] Through the description referred to in FIG. 12, when 8-bil gray signals are input from the data gray signal
source, the prior frame memory slores 8-bil R, G and B gray signals in the case ofl SXGA (1,280 x 1,024), and therefore
at least 30 Mb memories are necessary, but the frame memory 460 according to the preferred embodiment of the
present invention only stores 6-bit gray signals, thereby reducing memory capacity needed.

[0085] Here, the more the number of the bits of the gray signals stored in the frame memory 460 becomes lower,
the more the capacity needs of the frame memory 460 become lower, compared to the prior art.

[0086] An opcration of the dala gray signal modifier according to the sccond preferred embodiment will now be
described.

[0087] FIG. 13 conceptually shows an operation of the data gray signal modifier according to the second preferred
embodiment of the present invention. For easy understanding, the data gray signal medifier is designed using one
frame memory and one data gray signal converter. However, the number of the frame memories and the data gray
signal converters can be changed according to grades of the LCD panels, the bit number of the gray signals, and
designer's intention. For example, three memories for configuring the frame memory and the data gray signal converter
can be used to process R, G and B.

[0088] A skilled person can configure the frame memory by using first and second memaries for processing reading
and writing processes corresponding to the respective R, G and B gray signals so as toenhance data processing speed.
[0089] Thatis, when the gray signals are sequentially input to the frame memory, odd-numbered gray signals are
stored in the first memory, and even-numbered gray signals are stored in the second memory, and when the odd-
numbered gray signals are stored in the first memory, the second memory reads the first memory, and when the even-
numbered gray signals are stored in the second memory, the first memory reads the second memory so that the data
can be written/read to from the frame memory within a shorter time.

[0090] Referring to FIG. 13, the configuration of the data gray signal modifier 400 is identical with that of the first
preferred embodiment. However, the data gray signal modifier 400 according to the second preferred embodiment is
different from that of the first preferred embodiment in that the data gray signal modifier 400 according to the second
preferred embodiment reduces the bit number of the output gray signals compared to the bit number of the input gray
signals. An operation of the data gray signal modifier 400 will now be described.

[0091] When the 8-bit R, G and B gray signals are provided by the data gray signal source, the lower 3 bits of the
8-bit R gray signals are not modified and are passed though the dotted line in the figure, and the remaining 5 bits of
the present frame are input to the data gray signal converter 480 and the frame memory 460.

[0092] The 5-bil R gray signals of the presenl frame input lo the frame memory 460 are stored in predetermined
addresses and then output at the next frame, and 5-bit R gray signals of the previous frame are output to the data gray
signal converter 480. The data gray signal converter 480 then receives the 5-bit R gray signals of the present and
previous frames G, and G,, 4, generates the modified gray signals G, proportional to the differences between the gray
signals of the present and previous frames, and outputs the same. At this time, the modified R gray signals G,,' are
8-bit signals obtained by an addition of the modificd 5 bits and the unmodified 3 bits.

[0093] Two bits of the 8-bit G gray signals are passed via the dotted line, and remaining 6-bit gray signals G, are
input to the data gray signal converter 480 and the frame memory 460. Here, the frame memory 460 stores the 6-bit
G gray signals of the present frame in a predetermined address, and outputs the B-bit G gray signals of the previous
frame G,,.,. Therefore, the data gray signal converter 480 outputs the modified gray signals G, using the 6-bit G gray
signals of the present and previous frames. At this time, the modified G gray signals G, are obtained by an addition
of the modified 6 bits and unmodified 2 bits.
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[0094] Finally, 3 bits of the 8-bit B gray signals are passed via the dotted line, and remaining 5-bit gray signals G,
are input 1o the data gray signal converter 480 and the frame memory 460. Here, the frame memory 460 stores the
5-bit G gray signals of the present frame in a predetermined address and outputs the 5-bit G gray signals of the previous
frame G,,.4. Hence. the data gray signal converter 480 outputs modified gray signals G’ by using the 5-bit G gray
signals of the present and previous frames. At this time, the modified G gray signals G,' are 8 bils obtained by an
addition of the modified 5 bits and unmodified 3 bits.

{0095] As described above, it is preferable that the passed bits among the 8-bit R, G and B gray signals start from
the LSB, and a skilled person can change the number of the passed bits. Hence, the skilled person can change the
capacity and number of the frame memories and modify the date gray signal converter. A digital circuit that satisfies
Equation 9 can be manufactured as the data gray signal converter 480 according to the preferred embodiment, or a
look-up table is made and then stored into a read only memory (ROM). and accessed to modify the gray signals. Since
the modified data voltage V,,' is not only proportional to the difference between the data voltage V,_, of the previous
frame and that of the present frame, but is also dependent on absolute values of the data voltages, the lock-up table
makes the configuration of the circuit simpler than computation.

[0096] Referring to FIGs. 12 and 13, an example of a case in which an LCD panel is the SXGA (1,280 x 1,024) type
and 8-bit gray signals are supplied will now be described.

[0097] Conventionally, in this case, the frame memory requires at least 30 Mb, and the data gray signal converter
requires 512Kb x 6 when processing two R, G and B pixels per clock signal of the control signais output by the controller
470, and it requires 512Kb x 3 when processing one R, G and B pixel per clock signal.

[0098] In detail, in the case of processing two pixels per clock signal, the data gray signal modifier 400 receives
48-bit signals. Since the bus size of the memory is configured as x4, x8, x16 and x32, the 48-bit bus is configured using
three 16-bit wide memories.

[0099] However, since the bits from the LSB to the i (i=1, 2. ..., n-1) among the n bits are modified and the remaining
parts arc not modified in the preferred embodiment of the present invention, the capacity of the frame memory and the
data gray signal converter can be reduced. For example, when n=8 and i=2, since six MSBs are needed to be modified
and the remaining two bits are not needed to be medified, the frame memory only needs the capacity of 1,280 x 1,024
X 6 bits = 22.5Mb, and since the data gray signal converter can use six bits instead of an 8-bit gray table memory
(512Kb), the size is greatly reduced to 24Kb in the case of one pixel per clock signal, and reduced to 6 x 24Kb in the
case of two pixels per clock signal.

[0100] Inthe preferred embodiment, a number of modification bits are omitted in the modification of the gray signals
since human eyes are not as sensitive to moving pictures as to still pictures, and therefore it is desirable to omit a
number of modification bits within ranges wherein the human eyes cannot discem the variation of the gray signals of
the moving pictures.

[0101] Since peoples' eyes have different sensitivity with respect to R, G and B, it is desirable to differently omit the
number of modification bits with respect to the gray signals of the corresponding color. That is, since human eyes are
most sensitive to green and least sensitive to blue, it is desirable that the number of modification bits ‘i’ be in the order
of G <R<B.

[0102] According o the present invention, the data voltage is modified and the modified data voltage is supplied to
the pixels so that the pixel voltage reaches the target voltage level. Hence, the response speed of the liquid crystal
can be improved without changing the configuration of the TFT-LCD panel.

{0103] Further, since only 'm’ bits among n-bit gray signals are used, the number and capacity of the memory needed
for modification of the data voltage can be reduced, thereby increasing yield of the panels and reducing the cost.
[0104] As described above, an image signal modification circuit for improving the response speed of the liquid crystal
is shown in FIGs. 9 and 11.

[0105] Particularly, in order to reduce the cost of the Image signal modification circuit, the gray signals except a
portion of the LSB are modified, and this algorithm is simple and easy 10 apply.

{0106) However, in Lhe case of modifying four bils of the 8-bil gray, two problems caused by quanlizalion can be
generated as follows.

[0107] It is assumed thal the response speed becomes maximized when 168 (10101000) gray level (G,") is defined
as the DCC modification value in the case 208 (11010000) gray level (G,.4) is switched to 192 (11000000} gray level
(G,)- A modification of the full 8 bits generates no problem, but a modification of MSB 4 bits so as to reduce the cost,
the value 168 can not be provided to the gray lookup table. Therefore, the value of 176 (10110000) or 160 (10100000)
is input to the lookup table instead. That is, modification errors are generated as much as the omitted LSB bits. This
can generate a greater problem in the following interval.
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[0108] In this interval, the modification is gradually performed. In the case of configuring this interval using only 4
bits, it becomes as follows.
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[0109] The second problem is as follows. In the like manner of the previous example, il it is Assumed that 1 176 gray
level is provided as a modification value when the 208 gray level is switched to the 192 gray level, the 176 or 175 gray
tevel must be provided to obtain a maximum liquid crystal response speed when the 207 gray level is switched to the
192 gray level.

[0110] However, in the case of modifying only 4 bils, since the MSB 4 bits of 207 (11001111) is identical with that of
192 (11000000), the modification is not performed and the 192 is output.

[0111] Particularly, in the case of moving pictures, the grays of 209 and 207 gray levels are distributed on a uniform
screen of about 208 gray level, and although the difference between the 208 and 207 gray levels is 1, degrees of
compensation become greater, and accordingly, some displayed stains may look exaggerated.

[0112] The above-noted two problems are referred to as the quantization errors, and when the number of the LSBs
which are not modified but omitted is increased, the quantization errors become severe.

[0113] An LCD for reducing the quantization errors will now be described.

[0114]) FIG. 14 shows a data gray signal modifier accordingto a third embodiment of the present invention. Repeated
portions compared to FIG. 9 will be assigned with identical reference numerals and no further description will be pro-
vided.

[0115] Referring to FIG. 14, the data gray signal converter 460 of the data gray signal modifier comprises a lookup
1able 462 and a calculator 464.

[0116] As MSB 4-bit gray data G, [0:3] of the present frame and MS8 4-bit gray data G, 4[0:3] of the previous frame
are provided by lhe combiner 410, the values 1, a and b stored in the lookup lable are exiracted and provided lo the
calculator 464.

[0117] The calculator 464 receives the LSB 4-bit gray data G,[4:7] of the present frame from the combiner 410, the
LSB 4-bit gray dala G,,_4{4:7] of the previous frame from the frame memory 420, the variables f,aand b for modification
of the moving pictures from the lookup table, and performs a predetermmed computation and outputs first modified
gray daia G,,,'[0: 7] to the divider 450.

[0118] The first modified 36-bit gray data provided to the divider 450 are divided, and the modified 24-bit gray data
G, are output to the data driver 300.

[01 19] Inthe preferred embodiments of the present invention as shown in FiIG. 8, the LCD driven by a dlgltal method
is described, and also the present invention can be applied to the LCD driven by an analog method.

[0120] According to a second preferred embodiment of the present invention, effects of reduction of the quantization
errors will now be described in detail.

[0121] First, if the total gray levels are set to be x bits, the MSB y bits of the x bits are modified using the gray lookup
table and the remaining z bits, that is (x-y) bits are modified by computation.

[0122] An example will now be described when x=8 and y=4.

[0123] For ease of expianation, the following will be defined. [A]n is a multiple of the maximum 2" not greater than
A. For example, [207],=[206],=[205}4= ... =[193],=[192],=192.

[0124] Thatis, [A], is a value representingthat zeros are providedto allthe LSBn bits of A, [ [A]is avalue representing
that zeros are provided to all the MSB m bits of A, and ,[A], is a value representing that zeros are provided to all the
LSB n bits and MSB m bits of A. When a mapping according to the gray lookup tabie for modification is set to be (G,
G.1), the modification of the present invention is as follows.

G
Equation 10 G,=([Gl4.(G,,1)+a(G ). [G 4 )o) ;‘u -b(GlalGpyla) “[16"]

where [G,], represents that zeros are provided to all the LSB 4 bits of Gn, [G, )4 represents that zeros are
provided to all the LSB 4 bits of G,,_,, 4[G,] represents that zeros are provided to all the MSB 4 bits of G,,, and a and
b are posilive inlegers.
[0125] According to the equation 10, the quantization errors can be reduced by using the gray lookup table.
[0126] Thef, a and b are given as follows.

(G4 LG 14)=Gp (Gpla[Gpryla)
8([G e[ Gpyle) =G, (G4 +16.[G, 1 14) =G (Gl (G, 1a)

BUG Al 4LGpy18)=Gnl[Gpls, [Gp 1) GG )as Gyl + 16)
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[0127] It is assumed that a gray lookup lable for modification is obtained as shown in FIG. 3.

Table 3
Gn' Gn-1
64 80
Gn 128 | 140 | 136
144 160 | 158

[0128] For example t it is set that [Ghl4=128 and {G,]4=64, then it becomes that f((Gn)4,[G,.114)=140, a((Gn}4,
[Gp.1l4)=160-140=20 and b({Gnl4.[G,, {]4)=140- 136=4. However, Lhese values are nol absolute and the values are
determined so that the values in the 16 x 16 interval may be approximated with minimized errors.

[0129] For examplc when approximating the case of G,=144 and G, 4 = 80 by using the equation 10, since
Gn'=140+20x16/16-dx16/16 156. Ihe value is differentfrom the actually measured value 158. This error can be ignored,
but if the error becomes greater. the error of the values in the 16 x 16 interval can be minimized by precisely adjusting
the values of f, aand b

[0130] An exceptional casc is a block of [G],=[G,,.4]4- In this case, since a state that G,'=G,, must be maintained, a
state that f=[G, ], is fixed and the values of a and b are adjusted according to the state. It G =G, , in the equation 10,
when it becomes that a-b=16 then the state that G,'=G,, is satisfied.

[0131] An example will be described in order to describe the modified gray data computed using the equation 10.
[0132] For example, when a previous gray data G4 is a 72 gray level and a present gray data G,, is a 136 gray
level, since the gray lookup table of the table 3 does not have the above-noted gray data, these values must be obtained
by a predetermined computation as shown in FIG. 15(a).

[0133] That s, since 1(IGN}4.|G,, 414)=f(11361,.[72l,). it is satisfied that f(128,64)=140, a(|Gnl,.[G, 114)=160-140=20
and b([Gn],,[G,.1]4)=140-136=4.

[0134] Hence, when substituting the vatues forthe equation 10, it becomes that G,'=140+20x(136-1 28)/16-4x(72-64)
/16=148. .
[0135] Also, in order to reduce the number of the bits stored in the lookup table, subsequent equation 11 can be used.

' [Gn Gn
Equation 11 Gie PG, 14+ 8-0G L Gy ) o (16 g (G ) 122

where it is defined that =[G, )4.IGn.1)4)[Gnls, and [Gyls represents that zeros are provided to all the LEB 4 bits
of G,,, and |G,,.1]4 represents that zeros are provided to all the LSB 4 bits of G, and 4|G,] represents that zeros are
provided to all the MSB 4 bits of G,,. and the values a and b are positive integers.
[0136) An example will be described in order to describe the modified gray data computed using the equation 11.
[0137] For example, when a previous gray ddla G, is a 72 gray level and a present gray data G, is a 136 gray
level, since the gray lookup table of the lable 3 does not have the above-noted gray data, these values must be obtained
by a predetermined computation as shown in FIG. 15(c).
[0138] That is, F=f([GN]4,[Gp 1]4)1Gala=f([136]4.[72]4)-128=1(128,64)-128=140- 128=12, a"([Gpl4, [Gn.114)=2"(Gn)y
[Gp.1]4)+2%:=4+16=20 and b([Gnls.[Gn-114)=4.
{0139] Hcnce, when substituting the values for the equation 11, it becomes that G,'=128+12+20x(136-128)/16-4x
(72-64)/16=148.
[0140] Also, in orderto reduce the number of the bits stored in the lookup table, subsequenl equation 12 can be used.

Equation 12 c;;,= MG la Gl )+ G,,+a’-([G,,]4,[G,,,,]4)-4[53) [1(2"]

T DGl (G ) S

where it is defined that =f-G,,, and [G,,], represents that zeros are provided lo all the LSB 4 bits of G,,, and [G, 414
represents that zeros are provided to all the LSB 4 bits of G, and JJG,,] represents that zeros are provided to all the
MSB 4 bits of G,,, and the value a'is an integer, and the value b is a positive integer.

[0141] That is, it becomes that a'(G,ls.[Gn.1]a)=a([Gla[Gh. 1 Lk)-2%.

[0142] An example will be described in order to describe the modified gray data computed using the equation 12.
[0143) For example, when a previous gray data G, is a 72 gray level and a present gray data G, is a 136 gray
level, since the gray lookup table of the table 3 does not have the above-noted gray data, these values must be obtained

14
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by a predetermined computation as shown in FIG. 15(b).

[0144] That is, since f({Gpls.[Gn11s)=M{{136]4[72],)=1(128,64)=140, it is satisfied that =[G Ja.[Gn11s)-
G,=140-128=12, G,=136, a'([GN]4.[G,.1]4)=a"-16=4 and b([G)4.[Gp.114)=4.

[0145] Hence. when substituting the vaiues for the equation 12, it becomes that G,'=132+12+4x(136-128)/16-4x
(72-64)/16=148.

[0146] Inthis case. since the value of a' becomes smaller, the number of the bits assigned to (-16)a' can be reduced,
but a' can be negative number in some intervals, and accordingly, an additional sign bit must be assigned.

[0147) As described above, the size of the lookup table for the modified gray data becomes smaller in order of
equations 10. 11 and 12, and the logic complication increases on the contrary.

[0148] In the above. modification of 8 bits is described.

[0149] Howcver. all the 8-bit data may not be stored when the capacity of ihe frame memory or the number of input/
outpul pins should be reduced.

[0150] For example. since dimensions of a DRAM include x4, x8, x16 and x32, the dimension of x32 should be used
so as to slere 24-bil color information of the respective R, G and B, but it costs a lot. Instead of the dimension of x32,
a dimension o x16 can be used, and 5-bit R, 6-bit G and 5-bit G can only be stored. The moditication in this case is
exccuted as toliows

[0151] Thatis :ntne case of 6 bits, the modification gray values are output as follows.

G 2
“[ "] -b{[G )4 (G )s) “——[ 1)

Equation 13 G;, =[G )4:[G, 1)+ 8 1G4 [G, 1a )

where it 1s defined that [G ), represents that zeros are provided to all the LSB 4 bits of Gy,. and [G, 114 represents
that zeros arc provided to alt the LSB 4 bits of G, ¢, and 4[G,] represents that zeros arc provided to all the MSB 4 bits
of G,. and the valuos a and b are positive integers, and ,[GJ>>2 functions such that binary data of the computed 4
[Gn)o are shifted in the nght direction by 2 bits, and as a resull, it functions as division by 22.
[0152] Also. in the case of 5 bits, the modification gray values are output as foilows.

3
Equation 18 G (Gl Jgh+ (6 4G 1o» S5 1y [ 11 B

where it is defined that [G,], represents that zeros are provided to all the LSB 4 bits of G,,. and [G,, 4], represents
that zeros are provided to all the LSB 4 bits of G,,_4, and ,G,,] represents that zeros are provided to all the MSB 4 bits
of G,,, and the values a and b are positive integers, and 4[G)>>3 functions such that binary data of the computed 4
[G,.,]2 are shifted in the right direction by 3 bits, and as a result, it functions as division by 23,
[0153] Alscin the case a high speed computation is difficult as the pixel frequency becomes higher according to the
resolution, even lhe gray data G,, of the present frame can be modified omitting some LSBs. In the case of modifying
respective 6 bits of G, and G,_,, the conversion is as follows.

4lGaIN2 ,,])) N2

Equation 15 G;,:I([G”]“,[G,H]4)+a~([Gn]4,[Gn-1] bG Ll {G s 3-[-————

[0154] As described above, a gray lookup table of p bits is used, and in the case of modifying only g-bit Gn and r-
bit Gn-1, il is as follows (q, 1 > p.)

. G 8-
Equation 16 G, = (Gl p [Gpyls.p) + 8(Gplgp: [Grila f)-"[_”]%‘g_%()—f-)

[G,lg. )@ 1)
-b-(Gylg pr [Gryla ) ”——2‘3(7,——

[0155] An operation of an LCD having a function of a moving picture modification will now be described.
[0156] As described above, in order to remove a lagging effect of moving piclures, image signals G, of a frame are
modified compared to the image signals G,,., of a previous frame and using the egquations 17 to 20.
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Equation17 G, =G, if G, =Gp.,

Equation 18 G,> G, il G, > G,
Equation19 G, < G, if G, < Gp.,
Equation 20 G;,— G, G,- G,

[0157] That is, when the image signals provided by the present frame are identical with that of the previous frame,
no moditication is executed as shown in Equation 17, and when the present gray signal (or gray voltage) becomes
higher than the previous one, the modification circuit raises the present gray (or gray voltage) and outputs the same
as shown in FIG. 18, and when the present gray signal (or gray voltage) becomes lower than the previous one, the
modification circuit lowers the present gray (or gray voltage) and outputs the same as shown in FIG. 19. At this time,
slales of lhe modificalion are proportional lo the dillerence belween lhe preseni gray (or gray voltage) and the previous
one as shown in the equation 20.

[0158] Via the above-described modification process, the response speed of the LCD panel becomes faster based
on the following reasons.

[0159] First, desired voltage is supplied. That is, if a person wishes to supply 5V to liquid crystal cells, the actual 5V
is supplied to the cclls. When the liquid crystal reacts to the clectric ficld and the direction of the director of the liquid
crystal is changed, the capacitance is also changed, and accordingly, the voltage different from the previous one is
supplied to the liquid crystal.

{0160] That is, even when the response speed of the liquid crystal is within one frame (16.7ms, @60Hz), the con-
ventional AMLCD driving method does not provide accurate vollages according to the above-noted mechanism and
but the voltage between the previous and present voltages, and accordingly. the actual response speed of the LCD
panel is delayed more than the one frame.

[0161] The desired voltage is generated according to the signal modification and therefore correct response is per-
formed. At this time, transmission errors during the response time of the liquid crystal can be compensated by per-
forming an overcompensaton.

[0162] Second, the response speed of the liquid crystal material generally becomes faster as the voltage is greatly
varied. For example, in the case of rising, the response speed is faster when the voltage is switched-from 1V to 3V
than when the voltage is switched from 1V to 2V, and in the case of falling, the response speed is faster when the
voltage is switched from 3V to 1V than when the voltage is switched from 3V 1o 2V. This tendency is preserved in most
cases even though there are some differences depending on the liquid crystal or the driving modes of the LCD. For
example, in the case of the twisted nematic mode, the response speed of the rising becomes 15 times faster and that
of the falling becomes 1.5 times faster as the voitage difference becomes greater.

[0163] Third, in the case the response speed of the liquid crystal is greater than one frame (16.7ms), the response
time can be lowered to one frame by using a forced traction method. it is assumed that there is a liquid crystal that has
a response time of 30ms when the voltage is changed from 1V to 2V. In other words, in order to obtain the transmission
corresponding to 2V, 30ms of time is needed when 2V voltage is supplied.

[0164] When it is assumed that a time for the identical liquid crystal to reach 3V from 1V is also 30ms (in most cases,
the time is shorter than this case), the transmission reaches its target transmission corresponding to 2V before 30ms.
That is, when supplying 3V in order to oblain desired transmission corresponding Lo 2V, Lhe transmission reaches ils
target transmission corresponding to 2V in a time shorter than 30ms.

[0165] When continuously supplying 3V, the liquid crystal reaches 3V, and accordingly, the access voltage is cut off
when the voltage reaches 2V, and when 2V is supplied, the liquid crystal reaches 2V in a time shorter than 30ms. A
time to cut off the voltage, that is, to switch the voltage is when the frame is switched. Therefore, if the voltage of the
liquid crystal reaches 2V after a single frame (16.7ms), for exampie, 3V voltage is supplied and it becomes to 2V at a
subsequent frame, the response time becomes 16.7ms. In this case, the transmission errors during the response time
(e.g., 16.7ms) of the liquid crystal can be set off using the compensation method.

{0166] According o the above-noted embodiment of the present invention, as described above, the pixel voltage
can reach the target voltage level by modifying the data voltage and supplying the medified data voltage to the pixels.
Hence, the response speed of the liquid crystal can be improved without modification of the configuration of the TFT
LCD panel.

[0167] Also, in the case of driving the LCD and particularly in the case of implementation of the moving pictures, the
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size of the gray lookup table of the image signal modification circuit for enhancing the response speed of the liquid
crystal can be reduced and the guantization errors can be removed.

[0168] Whiie this invention has been described in connection with what is presently considered to be the most prac-
tical and preferred embodiment, it is to be understood thal the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended 1o cover various modifications and equivalent arrangements included within the spirit
and scope of the appended claims.

[0169] Where lechnical features mentioned in any claim are followed by reference signs, those reference signs have
been included for the sole purpose of increasing the inteliigibility of the claims and accordingly, such reference signs
do not have any limiting efiect on the scope of each element identified by way of example by such reference signs.

Claims
1. , Aliquid crystal display (LCD) comprising:

a data gray signal modifier for receiving gray signals from a data gray signal source, and outputting modification
gray signals by consideration of gray signals of present and previous frames;

a data driver for changing the modification gray signals into corresponding data voltages and outputting image
signals;

a gate driver for sequentially supplying scanning signals; and

an LCD panel comprising a plurality of gate lines for transmitting the scanning signals; a plurality of data lines,
being insulated from the gate lines and crossing them, for transmitting the image signals; and a plurality of
pixels, formed by an area surrounded by the gate lines and data lines and arranged as a matrix pattern, having
switching clements connccted to the gate lines and data lines.

2. The LCD of claim 1, wherein the data gray signal modifier comprises:

a frame storage device for receiving the gray signals from the data gray signal source, storing the gray signals
during a single frame, and outputting the same;

a controller for controlling writing and reading the gray signals of the frame storage' device; and

a data gray signal converter for considering the gray signals of a present frame transmitied by the data gray
signal source and the gray signals of a previous frame transmitted by the frame storage device, and outputting
the modification gray signals.

3. The LCD of claim 2, wherein a clock signal frequency synchronized with the gray signal provided by the data gray
signal source is identical with that synchronized with the controller.

4. The LCD of claim 2, wherein a clock signal frequency synchronized with the gray signal provided by the data gray
signal source is different from that synchronized with the controller.

5. The LCD of claim 4, wherein the LCD further comprises:
a combiner for receiving the gray signals from the data gray signa! source, combining the gray signals to be
synchronized with the clock signal frequency with which the controller is synchronized, and outputting the
combined gray signals to the frame storage device and the data gray signal converter; and
a divider for dividing the gray signals output by the data gray signal converter so as to be synchronized with

the frequency wilh which the gray signals transmilled by the dala gray signal source are synchronized.

6. The LCD of claim 2, wherein the data gray signal modifier modifies the gray signals so as to output a modification
data voitage V,,' that satisfies the following equation

[Val = 1V + 14 Vi)
where the data voltage of the present frame is set to be V,, and that of the previous frame to be V. ;.

7. The LCD of claim 6, wherein the data gray signal converter uses a digital circuit to output modified gray signals
that satisfy the above-noted equation.
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The LCD of claim 2, wherein the data gray signal converter comprises a storage device for storing a lookup table
for writing modification gray signals corresponding to the gray signals of the present and previous frames.

The LCD of claim 8. wherein when the modification gray signal is greater than a first voltage, the lookup table sets
the modification gray signal as the first voltage, and when the modification gray signatis less than a second voltage,
the lookup table sets the same as the second voltage.

The LCD of claim 1, wherein the data gray signal modifier receives n-bit gray signals with respect to red R, green
G and blue B signals from the data gray signal source, and outputs modification gray signals by considering the
m-bil gray signals of the present and previous frames among n-bit gray signals.

The LCD of claim 10, wherein the data gray signal modifier comprises:

4 I'ame slotage device for receiving the m-bit gray signals from the data gray signal source, storing the gray
signals durning a single frame, and outputting the same;

a controlier tor controlling writing and reading the gray signals of the frame storage device; and

a cata gray signal converter for considering the m-bit gray signals of a present frame transmitted by the data
gray signal source and the gray signals of a previous frame transmilted by the frame storage device, and
generaling and oulpulling the modilicalion gray signals.

The LCD of claim 11. wherein the number 'm' represents remaining bits obtained by a subtraction of bits from the
least significant bit (LSB) to '’ (i-0, 1, ..., n-1) among the 'n' bits of the gray signals.

The LCD of claim 11. whercin the number 'm' is varicd according to R, G and B.
The LCD of claim 13. wherein the number 'm' is the biggest with respect to B.
The LCD of claim 13, wherein the number 'm’ is the smallest with respect to G.
The LCD of claim 11, wherein the data gray signal converter receives unmodified (n-m) bits among the n-bit gray
signals received from the data gray signal source, adds the received (n-m) bits to the gray signals generated by
considering the gray signals of the present and previous frames, and generates n-bit modification gray signals.
The LCD of ctaim 11, wherein the frame storage device comprises:
afirst frame storage device that writes outputs of the m-bit odd-numbered gray signals of the data gray signal
source and reads outputs of the m-bit even-numbered gray signals; and
a second frame storage device that reads the outputs of the m-bit odd-numbered gray signals of the data gray

signal source and writes the outputs of the m-bit even-numbered gray signals.

The LCD of claim 11, wherein the data gray signal converter modifies the gray signals so as to output a modification
data voltage V, ' that satisfies the foliowing equation

[Val= 1V + 14V - Vi)
where lhe dala vollage of the present [rame is sel to be V,, and thal of the previous frame lo be V, 4.

The LCD of claim 18, wherein the data gray signal converter uses a digital circuit to output modified gray signals
that satisfy the above-noted equation.

The LCD of claim 11, wherein the data gray signal converter compriscs a storage device for storing a lookup table
for writing modification gray signals corresponding to the gray signals of the present and previous frames.

The LCD of claim 20, wherein when the modification gray signal is greater than a first voltage, the lookup table
sets the modification gray signal as the first voltage, and when the modification gray signal is less than a second
voltage, the lookup table sets the same as the second voltage.
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The LCD of claim 1, wherein the data gray signal modifier receives x-bit gray data with respect to R, G and B from
the data gray signal source and performs a first modification on a predetermined MSB bits of the respective x-bit
gray data of the present and previous frames by using the lookup tabie, perfforms a second modification on re-
spective remaining bits of the gray data of the present and previous frames via a predetermined computation, and
outputs modification gray data via the first and second modifications.

The LCD of claim 22, wherein the data gray signal modifier comprises:

a frame storage device for receiving the x-bit gray data from the data gray signal source, storing the gray data
during a single frame, and outputting the same;

a controller for controlling writing and reading the gray data of the frame storage device; and

a data gray signal converter for considering the x-bit gray data of a present frame transmitted by the data gray
signal source and the gray data of a previous frame transmitted by the frame storage device, generating
modificalion gray data and outputting the same to the data driver.

, The LCD of claim 23, wherein the data gray signal converter comprises:
a lookup table lor respectively receiving MSB y-bit data of the x-bit data of the previous and present image
dala, and oulpulling variables ([, a, b) for a modification of moving pictures; and
a calculator tor respectively receiving LSB z-bit data of the x-bit data of the previous and present image data,

receiving the variables (f, a. b) and outputting the modified gray data.

The LCD of claim 24, wherein the modified gray data G,, are obtained using the subsequent equation:

. G G
G,~ IG,),. [G,]2) + alG,),, [G,-H]z)-y[ "]-b([G,,]z,[GM]z)-'(—"]
27 27

where 7=x-y, [G ), represents that 7eros are provided to all the LSB 7 bits of Gn, [G,,.4], represeﬁts that zeros
are provided to all the LSB z bits of G4, ,[G,] represents that zeros are provided to ali the MSB y bits of G,,, and
a and b are positive integers.

The LCD of claim 24, wherein the modified gray data G, are obtained using the subsequent equation:

o G, G,
Gn=r + [Gn]z + a'([Gn]zl [Gn_1]z)'y{22 'b'([Gn]zl [Gn_1]z)'£271

where it is defined that z=x-y, '=H{[G,},.[G.1},)1G,),. and [G,], represents that zeros are provided to all the
LSB z bits of G,, and [G, 1}, represents that zeros are provided to all the LSB z bits of G, 4, and ,[G,] represents
that zeros are provided to all the MSB y bits of G,,, and the values a and b are positive integers.

The LCD of claim 24, wherein the modified gray data G,, are obtained using the subsequent equation:

z

G G
G = GG 1 G (18 Gy ] 1 (G Gy E 2

where it is defined that z=x-y, '=f-G,, and [G,], represents that zeros are provided to all the LSB z bits of
G, and [G,,.4]; represents that zeros are provided to all the LSB 2 bits of G,,.1, and ,[G,] represents that zeros are
provided to all the MSB y bits of G,, and the value a is an integer, and the value b is a positive integer.
The LCD of claim 25, wherein if a-b=18 in the case [G,),=[G,.],. the condition that G, ~ G, is satisfied.
The LCD of claim 27, wherein if a-b=0 in the case [G,),=[G,, 4],, the condition that G, = G,,_, is satisfied.

In a liquid crystal display (LCD) driving method comprising a plurality of gate lines; a plurality of data lines being
insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area surrounded by the
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gate lines and data lines and arranged as a matrix pattem, having switching elements connected to the gate lines
and data lines, an LCD driving method comprising:

(a) sequentially supplying scanning signals to the gate lines;

(b) receiving image signals from a image signat source, and generating modification image signals by consid-
ering image signals of present and previous frames; and

(c) supplying data voltages corresponding to the generated modification image signals to the data lines.

The LCD driving method of claim 30, wherein the image signals are identitied as analog voltages.
The LCD driving method of claim 30, wherein the image signals are identified as digital gray signals.
The LCD driving method of claim 32, wherein the (b) comprises:

delaying the image signals transmitted from the image signal source by as much as a single frame;
generating modification image signals by considering the image signals of the present frame received from
the image signal source and the delayed image signals of the previous frame.

The LCD driving method of claim 30, wherein the mcdification image signals salisly the following equation
IVal= Vd + (Vi - [Vai])

where the data voltage of the present frame is set to be V, and that of the previous frame to be Vi, .

The LCD driving method of claim 33, wherein in the (b), a lookup table for writing modification image signals
corresponding to the image signals of the previous and present frames is searched and the modification image
signals are generated.

The LCD driving method of claim 35, wherein when the modification image signals are greater than a first voltage,
the lookup table sets the modification image signals as the first voltage, and when the modification image signals
are less than a second voltage, the lookup table sets the modification image signals as the second voltage.

in a liquid crystal display (LCD) driving method comprising a plurality of gate lines; a plurality of data lines being
insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area surrounded by the
gate lines and data lines and arranged as a matrix pattem, having switching elements connecled to the gate lines
and data lines, an LCD driving method comprising:

(a) sequentially supplying scanning signals o the gate lines;

(b) receiving n-bit gray signals from a data gray signal source, and generating modification gray signals by
considering respective m-bit gray signals of present and previous frames among the n-bit gray signals; and
(c) supplying data voltages corresponding to the generated modification gray signals to the data lines.

The LCD driving method of claim 37, wherein the (b) comprises:

(b-1) delaying the m-bit gray signals among the n-bit gray signals transmitted from the data gray signal source
by as much as a single frame;

(b-2) generating first m-bit modification gray signals by considering the m-bit gray signais of the present frame
received from the data gray signal source and the m-bit delayed gray signals of the previous frame; and
(b-3) adding the unmodified and passed (n-m) bits to the first m-bit modification gray signals, and generating
second n-bit modification gray signals.

The LCD driving method of claim 38, wherein the number 'm' represents remaining bits obtained by a subtraction
of bits from the least significant bit (LSB) to 'V (i~0, 1, ..., n-1) among the n-bit gray signals.

The method of claim 39, wherein the number ‘m' is varied according to red (R), green (G) and blue (B).

The method of claim 40, wherein the number ‘m' is the biggest with respect to the B.
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The method of claim 40, wherein the number 'm’ is the smallest with respect 1o the G.

The method of claim 37, wherein the modification gray signal satisfies the following equation
IVal=Vd + AV - Vo))

where the data voltage of the present frame is set to be V,, and that of the previous frame to be V, 4.

. The method of claim 38, wherein in the (b-2), a look-up table that writes modification gray signals corresponding

to the respective m-bit gray signals of previous and present frames is searched and first modification gray signals
are then generated.

The method of claim 44, wherein when the modification gray voltage is greater than a first voltage, the lookup table
sets the modification data voltage as the first voltage, and when the modification data voltage is lesser than the
second voltage, the lookup table sets the modification data voltage as the second voltage.

in a liquid crystal display (LCD) driving method comprising a plurality of gate lines; a plurality of data lines being
insulaled from the gale lines and crossing them; and a pluralily of pixels, formed by an area surrounded by Lhe
gate lines and data lines and arranged as a matrix pattem, having switching elements connected to the gate lines
and data lines, an LCD driving method comprising:

(a) sequentially supplying scanning signals to the gate lines;

(b) receiving x-bit image gray data from an outer image signal source;

(c) delaying the image gray data by a single frame,

(d) extracting variables for a modification of the moving pictures from the lookup table by using MSB y bits of
a single-frame delayed digital gray.data and MSB y bits of the digital gray data received at the present frame,
(e) computing LSB (x-y) bits of the single-frame delayed digital gray data, LSB (x-y) bits of the digital gray
data received at the present frame, and the variables extracted from the {d); and

(f) supplying the data voltage corresponding to the modified gray data to the data line.

The LCD driving method of claim 46, wherein the modified gray data G, is obtained according to the subsequent
equation:

AGnl

mld 5

. JG,)
Gn = f([Gn]ZI[Gn_1lz)+ a([Gn]zl[Gn_1]z)' 22 'b([Gn]z-[G

where z=x-y, [G,], represents that zeros are provided to all the LSB z bits ot Gn, [G,, 4], represents that zeros
are provided to alt the LSB z bits of G,,_4, y[G,,] represents that zeros are provided to all the MSB y bits of G, and
a and b are positive integers.

. The LCD driving method of claim 46, wherein the modified gray data G,, are obtained using the subsequent equa-

tion:

JAG,)
2 z

z

G =t AC)
n— +[Gnlz+a'([Gn]zr[Gn_1]z' 2 'b'([Gn]Z,[Gn__‘]z)'

where it is defined that z=x-y, f=f([Gply: [Gn.1)2)1Gnlz: @nd [Gl, represents that zeros are provided to ali the
LSB z bits of G,, and [G,,.1], represents that zeros are provided to all the LSB z bits of G4, and y[G] represents
that zeros are provided to all the MSB y bits of G, and the values a and b are positive integers.

The LCD driving method of claim 48, wherein the medified gray data G, are obtained using the subsequent equa-
tion:
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1G, G,
4 ]-b-aGnlz,[Gm]z)-’I—zz]

22

G =l(G,l (G, 1+ G + @ (Gply. [Gpyle)

where it is defined that z=x-y, I'=1-G,,, and [G,], represents that zeros are provided to all the LSB z bits of
G, and [Gy,.4], represents that zeros are provided to all the LSB z bits of G, 4, and ,[G,] represents that zeros are
provided to all the MSB y bits of G, and the value ais an integer, and the value b is a positive integer.

The LCD driving method of claim 47, wherein if a-b=16 in the case [G],=[G,],. the condition that G, = G, ; is
salisfied.

The LCD driving method of claim 49, wherein if a-b=0 in the case [G],=[Gn1],. the condition that G, = G4 is
satisfied.

tn a liquid crystal display (LCD) driving apparatus comprising a plurality of gate lines; a pturality of data lines being
insulated from the gate lines and crossing them; and a plurality of pixels, formed by an area surrounded by the
gate lines and data lines and arranged as a malrix pattern, having switching elements connected to the gate lines
and data lines, an LCD driving apparatus comprising:

a data gray signal modifier for receiving x-bit gray signals from a data gray signal source, performing a first
modification on predetermined MSBs of respective x-bit gray data of the present and previous frames by using
a lookup table, performing a second modification on respective remaining bits of gray data of the present and
previous frames via a predetermined computation, and outputting modification gray signals via the first and
second modifications;

a data driver for changing the modification gray signals output from the data gray signal modifier into data
voltages corresponding to the madification gray data and outputting image signals to the data lines; and

a gate driver for sequentially supplying scanning signals to the gate lines.

The LCD driving apparatus of claim 52, wherein the data gray signal modifier comprises:

.a frame storage device for receiving the x-bit gray data from the data gray signal source, storing the gray data
during a single frame, and outputting the same;
a controller for controlling writing and reading the gray data of the frame storage device; and
a data gray signal converter for considering the x-bit gray data of a present frame transmitted by the data gray
signal source and the x-bit gray data of a previous frame transmitted by the frame storage device, generating
the modification gray data and outputting the same to the data driver,

The LCD driving apparatus of claim 53, wherein the data gray signal converter comprises:

a lookup table for respectively receiving MSB y-bit data of the x-bit image data of the previous and present
frames, and outputting variables (f, a, b) for a medification of moving pictures; and

a calculator for respectively receiving LSB z-bit data of the x-bit data of the previous and present image data,
receiving the variables (f, a, b) and outputting the modified gray data.

The LCD driving apparatus of claim 54, wherein the modified gray data G, are obtained using the subsequent
equation:

, G G
Gp= f[G,); [G,4]0) + allG,l, [Gn.1]z)-y[2 "]-b([G,,]z,[Gn_1]2)-"[—2zi]

z

where 2=x-y, [G,], represents that zeros are provided to all the LSB z bits of Gn, [G,,.4], represents that zeros
are provided to all the LSB z bits of G4, ,[G,] represents that zeros are provided to all the MSB y bits of G,,, and
a and b are positive integers.

The LCD driving apparatus of claim 54, wherein the medified gray data G, are obtained using the subsequent
equation:
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C_p [G,) G
G, =r+G,), + a(G,l,. [Gn-dz)'yzzn 'b'([Gn]zv[Gn.I]z)'Y[Z——z—n
where it is defined that z=x-y, "'={({G),.[Gn.11z){Gnl,. and [G,], represents that zeros are provided to all the

LSB 2 bits of G,,, and [G,,.,], represents that zeros are provided to all the LSB z bits of G, 4, and y[Gnl represents
that zeros are provided to all the MSB y bits of G,,, and the values a and b are positive integers.

The LCD driving apparatus of claim 54, wherein the modified gray data G,, are obtained using the subsequent

equation:

' : ACnl A
Gn = f([Gn]zl [Gn_1 ]z)+Gn + a '([Gn]z! [Gn,1]z)' 22 'b'([Gn]zr [Gn_wllz)'

G,l
22

where il is defined that z=x-y, f=I-G,,, and [G,], represents that zeros are provided 1o all the LSB 2 bits of
G, and G, 4], represents that zeros are provided to all the LSB z bits of G,,_, and ,[G} represents that zeros are
provided 1o all the MSB y bits of G,,, and the value ais an integer, and the value b Is a positive integer.

The LCD of claim 55, wherein if a-b=16 in the case [G,],=[Gq 1);, the condition that G, = G,y is satisfied.

The LCD of claim 57, wherein if a-b=0 in the case [G,],=[Gy.1],, the condition that G, = G, is satisfied.

23
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Liquid crystal display and driving method thereof
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@ A liquid crystal device and a method for driving the same.

€ A liquid crystal device includes: a pair of
substrates ; a liquid crystal layer interposed
between the pair of substrates; at least one
polarizing element; a plurality of pixels; a re-

tardation (d x JaAn) of the liquid crystal layer 50

satisfying one of a relation : k
dx An > A2 401l

in a case where an incident light is output after

passing through the liquid crystal layer once, 3

and a relation : © 90
2d x An > A2 g

in a case where the incident light is outputted = 0 71T

after passing through the liquid crystal layer £

twice, where a thickness of the liquid crystal s

layer is d, a birefringence is An and a wavelength R E

of the light incident on the liquid crystal layer is

A; and driving voltage supplying means for 0

applying a driving voltage including a voltage
higher than a maximum voltage providing an
extremum of the output light intensity in a
voltage-output light intensity characteristic of
the pixels to the plurality of pixels.
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a liquid crystal device and a method for driving the same, more particularly
to a liquid crystal device having a high response speed and a method for driving the same.

2. Description of the Related Art:

A conventional projection-type liquid crystal display device using a liquid crystal device is capable of ob-
taining a picture of a large size with relative ease by irradiating light onto a liquid crystal display so as to project
the light onto a screen. There are two methods for obtaining a color display: a method in which a projected
light beam is split into red, green and blue light beams, and a liquid crystal display device is used for each of
the colors (simultaneous additive color mixing); and a method in which red, green and blue pixels are provided
in a liquid crystal display device as in a direct-view type (juxtapositonal additive color mixing). However. both
methods have problems. With the former method, while high resolution can be obtained with ease, it is expen-
sive to realize such a liquid crystal display device. As shown in Figure 29, light beams radiated from a lamp 1
as a light source propagate through three optical paths, that is, a dichroic mirror for a red light beam 2, a dichroic
mirror for a green light beam 3, and a dichroic mirror for a blue light beam 4. The light beams pass through
liquid crystal panels 5, 6 and 7, respectively, and are output from a lens 8. As described above, since the three
liquid crystal display panels 5, 6 and 7 are used, the optical system for projection becomes complex and large
in size as a whole system. Moveover, if a defective pixe! exists even in one liquid crystal display panel among
the three, a bright spot with a single color or a mixed color occurs in the projected image at a portion corre-
sponding to the defective pixel. On the other hand, while the latter method is inexpensive, it has a problem in
that the quality of displayed image is deteriorated unless the size of red, green and blue pixels in a projected
image is smaller than the spatial resolution of human eyes. As one of the methods for solving the above prob-
lem, a field sequential color mixing method, a color mixing method by using a field sepuential addressing meth-
od, is known which can display red, green and blue with one pixel. The characteristics of high precision and
high brightness of the field sequential color mixing method have the following features.

(1) The principle of displaying color images by the field sequential color mixing method is the same as that

by the simultaneous additive color mixing method. Therefore, the field sequential color mixing method pro-

vides high precision images.

(2) In the case where the liquid crystal panel has a defective pixel, the defective pixel is displayed as a

white or black point. The white or black point isless conspicuous than the colored bright point. Accordingly,

even if the defective pixel exists in the liquid crystal panel, the quality of the displayed image is not dete-
riorated.

(3) Full-color display or multi-color display can be realized with a single liquid crystal panel, and therefore

the optical system can be miniaturized and lightened. Since it is not necessary to use a plurality of light

shutters as in the simultaneous additive color mixing method, it is possible to miniaturize the system and
lower the fabrication cost.

As described above, a compact and light color liquid crystal display device with high brightness and high
precision, which is excellent in display quality, can be obtained with the use of the field sequential addressing
method.

In the case of the field sequential addressing method, however, the time allowed for displaying images
corresponding to each of Red, Green and Blue in one field is in the range of 5 to 6 msec. At the present time,
the response time of Twisted Nematic (TN) mode used in an active matrix liquid crystal display device is ap-
proximately several tens msec. In the case of Figure 30, the response times for rise and decay are 39.1 msec
and 35.1 msec, respectively. Considering that the response time in a liquid crystal display mode, which utilizes
optical switching between on/off states in the vicinity of a threshold voltage, is the same as or longer than that
for the TN mode, it is practically impossible to realize the color liquid crystal display device of the field sequential
addressing method.

As a conventional liquid crystal display mode having high-speed response, Surface Stabilized Ferroelec-
tric Liquid Crystal (SSF-LC) mode is well-known (N.A.Clark and S.T.Lagerwall; Appl. Phys. Lett., 36,899:
1980). The feature of SSF-LC mode is as follows: the ferroelectric liquid crystal molecules have spontaneous
polarization, and the display is performed by utilizing the property of the liquid crystal molecules which change
their orientations so that the polarity of the spontaneous polarization and the polarity of an applied electric field
are parallel with each other.

Regarding a liquid crystal display method with high-speed response other than the ferroelectric liquid crys-

2
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tal mode, Japanese Laid-Open Patent Publication No. 56-51352 describes that the response speed is in-
creased by applying a voltage close to the threshold value and a voltage close to the saturation voltage at which
an optical characteristic of the liquid crystal is saturated.

Another high-speed response display mode using nematic liquid crystal is described in a publication (Ne-
matic liquid crystal modulator with response time less than 100 ps at room temperature: Shin-Tson Wu; Appl.
Phys. Lett. 57(10), 3 1990). The method for driving the liquid crystal display described in the publication is
shown in Figure 31. A voltage (V) is continuously applied to the liquid crystal molecules such that the orien-
tational deformation of the liquid crystal molecules from the initial orientation state becomes the largest. In this
state, the transmittance of the liquid crystal display is zero. Then, zero volitage (V,) is applied to the liquid crystal
molecules such that the orientational deformation of the liquid crystal molecules is relaxed. The transmittance
is changed by varying a time period for applying zero voltage, thereby obtaining a gray-scale display. The re-
laxation process of the liquid crystal molecules which are orientationally deformed is often compared to the
movement of a spring. The potential energy due to the interaction of the liquid crystal molecules becomes high-
er as the degree of the orientational deformation of the liquid crystal molecules becomes larger. As a result,
the liquid crystal molecules in the highly deformed orientation state relax with extremely high speed.

However, the conventional liquid crystal display mode using the ferroelectric liquid crystals (FLC mode),
such as SSF-LC made, suffers from the following problems. In addition to the difficulty in controlling the ori-
entation of the ferroelectric liquid crystal molecules, the orientation of the molecules is easily destroyed by a
mechanical shock. Moreover, since the orientation of the ferroelectric liquid crystals is in a bistable state, it is
difficult to obtain the gray-scale display.

As for the driving method described in Japanese Laid-Open Patent Publication No. 56-51352, it is not ca-
pable of displaying gray-scale. Moreover, since the degree of the change in the orientation state of the liquid
crystal molecules is large, it is difficult to increase the response speed higher than that for the TN mode.

The method in which the relaxation of the orientational deformation of liquid crystal molecules is adjusted
by varying the voltage unapplied period in order to obtain the gray-scale display, such as the above-mentioned
high-speed response display mode using the nematic liquid crystal, cannot be adopted to matrix driving used
for commercial liquid crysta! display devices and the like.

SUMMARY OF THE INVENTION

The liquid crystal device of this invention, includes:
a pair of substrates;
a liquid crystal layer interposed between the pair of substrates;
at least one polarizing element;
a plurality of pixels;
a retardation (d x An) of the liquid crystal layer satisfying one of a relation:
d x An > A2
in a case where an incident light is output after passing through the liquid crystal layer once, and a relation:
2d x An > A/2
in a case where the incident light is outputted after passing through the liquid crystal layer twice, where a thick-
ness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident on the liquid
crystal layer is &; and
driving voltage applying means for applying a driving voltage including a voltage higher than a maximum
voltage providing an extremum of the output light intensity in a voltage-output light intensity characteristic of
the pixels to the plurality of pixels.

In one embodiment of the present invention, the driving voltage applying means applies the driving voltage
to the pixels by a field sequential addressing method.

In one embodiment of the present invention, the liquid crystal device includes retardation compensation
means between the liquid crystal layer and the polarizing element.

In another embodiment of the present invention, the driving voltage applying means applies a voltage high-
er than the maximum voltage providing the extremum of the output light intensity in the voltage-output light
intensity characteristic and a voltage between the voltage higher than the maximum voltage and the maximum
voltage, thereby controlling the output light intensity of the pixels.

In still another embodiment of the present invention, the driving voltage applying means reverses a polarity
of the driving voltage in each frame.

in still another embodiment of the present invention, the driving voltage applying means applies a first pre-
liminary voltage having an absolute value larger than that of a signal voltage carresponding to a predetemined
output light intensity before applying the signal voltage to the pixels.

3
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In still another embodiment of the present invention, the driving voltage applying means further applies a
second preliminary voltage having an absolute value smaller than that of the signal voltage before applying
the signal voltage corresponding to the predetermined output light intensity and after applying the first prelim-
inary voltage.

In still another embodiment of the present invention, the absolute value of the first preliminary voltage is
larger than that of the maximum voltage providing an extremum in the voltage-output light intensity character-
istic of the pixels.

In still another embodiment of the present invention, the output light intensity at a maximum value of the
signal voltage is equal to or less than 10% of a maximum in the voltage-output light intensity characteristic of
the pixels.

In still another embodiment of the present invention, the absolute value of the second preliminary voltage
is smaller than that of the maximum voltage providing the extremum in the voltage-output light intensity char-
acteristic of the pixels.

In still another embodiment of the present invention, a time period for applying the first preliminary voltage
is one-fifth or less than that for applying the signal voltage.

In still another embodiment of the present invention, a sum of the time period for applying the first prelim-
inary voltage and the time period for applying the second preliminary voltage is one-fifth or less than a time
period for applying the signal voltage.

In still another embodiment of the present invention, the driving voltage applying means applies the first
preliminary voltage to the pixels connected to each scanning line at the same time.

In still another embodiment of the present invention, the driving voltage applying means applies the first
preliminary voltage to the pixels connected to at least one scanning line.

In still another embodiment of the present invention, the driving voltage applying means applies the first
preliminary voltage and the second preliminary voltage to the pixels connected to at least one scanning line
for display.

in still another embodiment of the present invention, a value of the first preliminary voltage is identical to
all the pixels.

In still another embodiment of the present invention, at least one of the first preliminary voltage and the
second preliminary voltage has an identical value for all the pixels. .

In still another embodiment of the present invention, the retardation compensation means has atleast a
pair of substrates and a second liquid crystal layer interposed therebetween, and an electro-optical charac-
teristic of the second liquid crystal layer is substantially identical with that of the liquid crystal layer.

In still another embodiment of the present invention, the retardation compensation means is selected from
a phase plate and a phase film.

In still another embodiment of the present invention, the retardation compensation means is selected from
a uniaxially oriented polymer film and a biaxially oriented film.

In still another embodiment of the present invention, one of the pair of substrates is a silicon single crys-
talline substrafe, and the silicon single crystalline substrate has a transistor switching a voltage applied from
the driving voltage applying means to each of the plurality of pixels.

According to another aspect of the present invention, a projection-type liquid crystal display device includ-
ing a liquid crystal element, wherein the liquid crystal element includes:

a pair of substrates;
a liquid crystal layer interposed between the pair of substrates;
at least one polarizing element;
a plurality of pixels;
a retardation (d x An) of the liquid crystal layer satisfying one of a relation:
d x An > A2
in a case where an incident light is cutput after passing through the liquid crystal layer once, and a relation:
2d x An > A2
in a case where the incident light is outputted after passing through the liquid crystal layer twice, where a thick-
ness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident on the liquid
crystal layer is A; and
driving voltage applying means for applying a driving voltage including a voltage higher than a maximum
voltage providing an extremum of the output light intensity in a voltage-output light intensity characteristic of
the pixels to the plurality of pixels, is provided.

According to another aspect of the present invention, a method for driving a liquid crystal device including:
a pair of substrates; a liquid crystal layer interposed between the pair of substrates; at least one polarizing
element a plurality of pixels; and a retardation (d x An) of the liquid crystal layer satisfying one of a relation:
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d x An > AJ2
in a case where an incident light is output after passing through the liquid crystal layer once, and a relation:
2d x An > A2
in a case where the incident light is outputted after passing thraugh the liquid crystal layer twice, where a thick-
ness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident on the liquid
crystal layer is 2, is provided. The method includes a step of applying a driving voltage including a voltage higher
than a maximum voltage providing an extremum of the output light intensity in a voltage-output light intensity
characteristic of the pixels to the plurality of pixels.

In one embodiment of the present invention, the driving voltage applying step includes applying the driving
voltage to the pixels by a field sequential addressing method.

In another embodiment of the present invention, the driving voltage applying step includes applying a vol-
tage higher than the maximum voltage providing the extremum of the output light intensity in the voltage-output
light intensity characteristic and a voltage between the voltage higher than the maximum voltage and the max-
imum voltage, thereby controlling the output light intensity of the pixels.

In still another embodiment of the present invention, a polarity of the driving voltage is reversed in each
frame.

In still another embodiment of the present invention, the driving voltage applying step includes applying a
first preliminary voltage having an absolute value larger than that of a signal voitage corresponding to a pre-
determined output light intensity before applying the signal voltage to the pixels.

In still another embodiment of the present invention, the driving voltage applying step further includes ap-
plying a second preliminary voitage having an absolute value smaller than that of the signal voltage before
applying the signal voltage corresponding to the predetermined output light intensity and after applying the
first preliminary voltage.

in still another embodiment of the present invention, the absolute value of the first preliminary voltage is
larger than that of the maximum voitage providing an extremum in the voltage-output light intensity character-
istic of the pixels. )

In still another embodiment of the present invention, the absolute value of the second preliminary voltage
is smaller than that of the maximum voltage providing the extremum in the voltage-output light intensity char-
acteristic of the pixels.

in still another embodiment of the present invention, a time period for applying the first preliminary voltage
is one-fifth or less than that for applying the signal voltage.

In still another embodiment of the present invention, a sum of the time period for applying the first prelim-
inary voltage and the time period for applying the second preliminary voltage is one-fifth or less than a time
period for applying the signal voltage.

In still another embodiment of the present invention, the driving voltage applying step includes applying
the first preliminary voltage to the pixels connected to each scanning line at the same time.

In still another embodiment of the present invention, the driving voltage applying step includes applying
the first preliminary voltage to the pixels connected to at least one scanning line.

In still another embodiment of the present invention, the driving voltage applying step includes applying
the first preliminary voltage and the second preliminary voltage to the pixels connected to atleastone scanning
line for display.

In still another embodiment of the present invention, a value of the first preliminary voltage is identical to
all the pixels.

In still another embodiment of the present invention, at least one of the first preliminary voltage and the
second preliminary voltage has an identical vatue for all the pixels.

Thus, the invention described herein makes possible the advantages of (1) providing a liquid crystal device
having sufficient high-speed response, and (2) providing a method for driving the same.

These and other advantages of the present invention will become apparent to those skilled in the art upon
reading and understanding the following detailed description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram showing a configuration of aliquid crystal device according to a first example of the
present invention.

Figure 2 is a graph showing a voltage-transmittance characteristic of homogeneous ECB mode in the case
where d x An > A/2, in the liquid crystal device of Figure 1.

Figures 3A to 3C are diagrams showing behaviors of liquid crystal molecules of homogeneous ECB mode
due to an applied voltage.

Page 92
06B0267A2 | >



[N}

BNSDOCID: <EP

10

15

20

25

30

35

55

EP 0 660 297 A2

Figures 4A to 4C are diagrams illustrating an apparent birefringence An when a liquid crystal molecule is
inclined with respect to an incident light beam.

Figure 5 is a diagram showing a configuration of a liquid crystal cell of homogenous ECB mode in the liquid
crystal device of Figure 1.

Figure 6 is a graph showing the relation between an output light intensity |, and the retardation (d x An).

Figure 7 is a graph showing voltage-transmittance characteristics of liquid crystal cells having for various
retardations (d x An).

Figure 8 is a diagram showing a configuration of aliquid crystal cell of hamogenous ECB mode in the liquid
crystal device of Figure 1.

Figure 9 is a diagram showing a liquid crystal display device according to a second example of the present
invention.

Figures 10A and 10B are graphs showing driving voltage waveforms and optical response waveforms in
the case where a signal voltage V,, alone is applied to a liquid crystal cell and inthe case where a driving voltage
waveform according to the second example is applied to the liquid crystal cell, respectively.

Figures 11A and 11B are graphs showing driving voltage waveforms and optical response waveforms in
the case where a second preliminary voltage V, according to a third example is not present between a first
preliminary voltage Vy and the signal voltage V,, of the second example and in the case where the second
preliminary voltage V| is present between the first preliminary voltage Vy and the signal voltage V,, of the
second example, respectively.

Figure 12 is a diagram showing another driving voltage waveform according to a third example of the pres-
ent invention.

Figure 13 is a diagram showing a configuration of a liquid crystal cell of a liquid crystal display device ac-
cording to a fourth example of the present invention.

Figure 14 is a cross-sectional view showing a configuration of a liquid crystal cell of a liquid crystal display
device according to a fourth example of the present invention.

Figure 15 is a graph showing a voltage-transmittance characteristic of the liquid crystal cell shown in Figure
14 in the case where a compensating liquid crystal cell is used.

Figures 16A and 16B are graphs showing optical response characteristics and driving voltage waveforms
in the case where a compensating liquid crystal cell of the third example is not used, and in the case where a
compensating liquid crystal cell of the fourth example according to the present invention is used, respectively.

Figure 17 is a flow chart showing a process for fabricating TFTs of a liquid crystal display device according
to a fifth example of the present invention.

Figure 18 is a cross-sectional view of a liquid crystal display device according to a fifth example of the
present invention.

Figure 19 is a plane view of a liquid crystal display device using a TFT substrate according to the fifth
example of the present invention.

Figure 20 is a schematic diagram showing a configuration of AM-LCD using TFTs according to the fifth
example of the present invention.

Figures 21A to 21C are time charts of a driving voltage waveform used for the AM-LCD of Figure 20.

Figures 22A and 22B are diagrams showing a driving waveform and an optical response waveform, re-
spectively, in the case where a liquid crystal cell fabricated according to the fabrication process of TFTs shown
in Figure 17 is driven by using a driving method of the present invention.

Figure 23 is a diagram showing a driving waveform in the case where polarities of the first preliminary vol-
tage Vy and the signal voltage V,, of Figure 22A are reversed.

Figures 24A and 24B are a plane view and a cross-sectional view taken along line W-W’ of Figure 24A,
respectively, in a unit pixel region of a single crystalline silicon substrate of a color liquid crystal display device
according to a sixth example of the present invention.

Figure 25 is an equivalent circuit diagram showing a configuration of a circuit in the unit pixel region of
Figure 24.

Figure 26A is a diagram showing a configuration of a projection-type liquid crystal display device including
a liquid crystal element using the single crystalline silicon substrate having the circuit configuration of Figures
24A and 24B and Figure 26B is a diagram showing an example of a light selecting element used for the pro-
jection-type liquid crystal display device of Figure 26A.

Figures 27(a) to 27(e) are timing charts for driving the liquid crystal display device.

Figure 28 is an equivalent circuit diagram showing an example of a structure of a circuit in the unit pixel
region in the sixth example of the present invention.

Figure 29 is a diagram showing a configuration of an optical system of a conventional three-plate projec-
tion-type liquid crystal display device.
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Figure 30 is a diagram showing a light transmittance response characteristic of TN mode in a conventional
liquid crystal display device.

Figure 31 is a graph showing the relation between a driving applied voltage and a light transmittance in a
conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the present inventicn will be described by way of examples with reference to the accompa-
nying drawings.

Example 1

Figure 1 shows a configuration of a transmissive liquid crystal device according to a first example of the
present invention. In Figure 1, a liquid crystal device 21 includes a pair of substrates 22 and 23, a liquid crystal
layer 24 interposed between the pair of substrates 22 and 23, a polarizer 25, an analyzer 26, and a driving
voltage supplying portion 27 for supplying a driving voltage to electrodes (not shown) formed on the pair of
substrates 22 and 23. A liquid crystal cell 28 is constituted by the pair of substrates 22 and 23 and the liquid
crystal layer 24. The liquid crystal cell 28 has a plurality of pixels (not shown). The pixel is the smallest portion
of the liquid crystal cell 28 which can control the transmittance of light independently. The driving voitage sup-
plying portion 27 drives the liquid crystal cell 28 by supplying voltages to the pixels in accordance with the field
sequential addressing method.

Each of the pixels of the tiquid crystal cell 28 exhibits the voltage-transmittance (V-T) characteristic shown
in Figure 2. The driving voitage supplying portion 27 supplies the voltages having values corresponding to point
A from point B in Figure 2, so that optical on/off switching is obtained between the maximum value (B) and
the minimum value (A) of the transmittance in the V-T characteristic of Figure 2.

The V-T characteristic shown in Figure 2 is obtained when the retardation (d x An), which is an optical path
difference between an ordinary ray and an extraordinary ray for the liquid crystal layer 24, satisfies the relation:
d x An > A2
where the thickness of the liquid crystal layer 24 is d, adifference between the refractive indices of the ordinary
ray and the extraordinary ray {birefringence) is An, and a wavelength of the incident light for display is A. More

specifically, the V-T characteristic in Figure 2 is obtained in the case of d x An > 3\M/2.

In the present specification, the point A on the uppermost voltage V, in Figure 2 is referred to as a mode
0, at which the transmittance has the lowest value in the V-T characteristic. At the mode 0 in the V-T charac-
teristic, the transmittance of the liquid crystal cell 28 is substantially saturated. The voltage V, at which the
transmittance of the liquid crystal cell is saturated will be referred to as a saturation voltage. The pcint B in
the V-T characteristic is referred to as a first extremum, which is in a brightest state (amaximum point) obtained
for the first time when the voltage is gradually lowered from the saturation voltage V, atwhich the optical char-
acteristic becomes mode 0. The transmittance gradually decreases from the point B as the applied voitage
increases. Therefore, the point A is determined by the value of the saturation voltage V,. Practically, the value
of the saturation voltage V, may be selected from a voltage higher than a maximum voltage providing an ex-
tremum of the transmittance of the liquid crystal cell taking a contrast ratio and a response speed into con-
sideration. For example, in order to obtain a contrast ratio equal to or more than 10 for a display device having
the V-T characteristic shown in Figure 2, a signal voltage for display having a maximum voltage providing the
output light intensity equal to or less than 10% of the maximum (point B) in the V-T characteristic is applied.
In this case, the value of the saturation voltage V, is set higher than the maximum voltage of the signal voltage.

In this example, as will be described later, the polarizer and the analyzer are set in a crossed Nicol state,
therefore the transmittance (point A) at the saturation voltage V, has the lowest value. On the other hand, in
the case where the polarizer and the analyzer are set in a parallel Nicol state, the transmittance atthe saturated
voltage will have the highest value. In both cases, the transmittance of the liquid crystal cell is saturated near
the saturation voltage. As for the point B, it has a maximum transmittance in the crossed Nicol state, as shown
in Figure 2. On the other hand, the point B has a minimum transmittance in a parallel Nicol state. In the present
specification, the extremum is used to refer to a maximum or a minimum value. An extremum obtained at the
maximum voltage is referred as to a first extremum and an extremum obtained at the second highest voltage
is referred as to a second extremum, and so on.

The V-T characteristic shown in Figure 2 is obtained from an interference phenomenon between the or-
dinary ray and the extraordinary ray. As a typical display mode utilizing the interference between the ordinary
ray and the extraordinary ray of incident light, Electrically Controlled Birefringence (hereinafter, referred to as
ECB) mode is known. The operational principle of homogenous ECB mode is as follows. Alight beam incident
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on the liquid crystal cell 28 through the polarizer 25 has a specific polarization direction. When the polarized
light beam passes through the liquid crystal cell 28, the retardation (d x An) is generated between the ordinary
ray and the extraordinary ray of the polarized light beam. Therefore, the polarization direction of the polarized
light beam is changed by passing through the liquid crystal cell 28. The analyzer 26 allows a light beam having
a specific polarization direction to pass through.

Accordingly, the transmittance of the incident light beam depends on the retardation for the liquid crystal
layer 24 and the arrangement of the palarizer 25 and the analyzer 26. Assuming that the thickness of the liquid
crystal layer 24 is d, and the difference between the ordinary refractive index (n,) and the extraordinary re-
fractive index (n,), which is generated by the refractive index anisotropy of the liquid crystal layer 24, is An,
the retardation for the liquid crystal layer 24 is give by the product (d x An). An optical response is obtained by
electronically changing the retardation (the optical path difference) for the liquid crystal layer 24. The liquid
crystal molecules 29 interposed between the pair of substrates 22 and 23, which are in a homogeneous ori-
entation state, rise by applying a voltage E {o the liquid crystal cell 28, as shown in Figures 3A to 3C. Since
an apparent birefringence An of the liquid crystal layer 24 changes when the liquid crystal molecules 29 are
inclined at an angle, the retardation (d x An) changes with it.

Figures 3A, 3B and 3C are schematic diagrams showing orientation states of the liquid crystal molecules
29 and energies of orientational deformation of liquid crystal molecules 29 in the respective orientation states
as the extension of a spring in the cases where: a voltage less than a threshold voltage is applied; an inter-
mediate voltage is applied; and a voltage close to a saturated voltage is applied, respectively. Since the liquid
crystal molecules 29 having a positive dielectric anisotropy have the property to align parallel to the direction
of the applied voltage, the orientation direction of the liquid crystal molecules 29 changes in accordance with
the strength of the voltage applied to the liquid crystal cell 28 as shown in Figures 3A to 3C. The apparent
birefringence of the liquid crystal layer 24 changes with the change in the orientation direction of the liquid
crystal molecules 29 with respect to the incident light. This phenomenon is described with reference to Figures
4A to 4C.

In Figures 4A to 4C, an ellipsoid represents a refractive index ellipsoid of a liquid crystal molecule, and
an M axis represents a molecular major axis of the liquid crystal molecule. The refractive index for the light
having an electric field oscillating in the molecular major axis direction of the liquid crystal molecules is rep-
resented by n;, and the refractive index for the light having an electric field oscillating in the direction perpen-
dicular to the molecular major axis of the liquid crystal molecules is represented by n,. In Figure 4B, the z-axis
represents a propagation direction of the incident light, and the x-axis and the y-axis represent directions in
which the electric fields of the incident light oscillate. As shown in Figure 4B, in the case where the propagation
direction of the incident light is not parallel to the molecular major axis M of the liquid crystal molecule, the
refractive index n.(8) for the extraordinary ray having the electric field oscillating in the direction slant from
the M axis by 0 (in the x-axis direction in Figure 4B) in the plane including the M axis and the x-axis is given
by Formula (1), depending on 0. Figure 4C shows the relation between n.(0), n, and njinthe x-z plane of Figure
4B. On the other hand, the refractive index n,(0) of the ordinary ray having the electric field oscillating in the
y-axis direction does not depend on 8 and is equal to n,, as represented by Formula (2). Therefore, the apparent
birefringence An(8) depends on 8, as represented by Formula (3). Thus, the birefringence of the liquid crystal
layer varies, depending on the relation between the incident light and the orientation direction of the liquid crys-
tal molecules.

n (9)_n, _ ne
e -—_ e —
2 2 (1)
\/ 1-{1-(f)}cos
@ =n,=n, (2)
An(9)=n'a—ﬂo= ! 1tne (3)

J1-11- (Y cos?s

n|l ;refractive index in a molecular major axis direction
n, ;refractive index in a molecular minor axis direction
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n, ;extraordinary refractive index
n, ;ordinary refractive index

In Figure 5. light propagates in the z-axis direction and passes through the polarizer 25, the liquid crystal
layer 24 and the analyzer 26 in this order. The light |, which passes through the polarizer 25 and is incident
on the liquid crystal layer 24, has only an electric field E, oscillating in the direction parallel to a polarization
axis 30 of the polarizer 25. The direction of the director of the liquid crystal molecules in the liquid crystal layer
24 is oriented to the x-axis direction of Figure 5. The refractive index of the liquid crystal layer 24 with respect
to the light having the electric field parallel to the x-axis is represented by n. and the refractive index of the
liquid crystal layer 24 with respect to the light having the electric field paraliel to the y-axis is represented by
n,. The phase difference of An-d occurs between components L, and L, having the electric fields paralle! to
the x-axis and the y-axis of the incident light |, transmitting through the liquid crystal layer 24 having a thickness
of d and the birefringence: An = n, - n,. In other words, the polarization direction of the light changes. The com-
ponents of the light, which have the electric field E, parallel to the polarization axis of the analyzer 26, pass
through the analyzer 26.

Furthermore. if the case where the polarization axis 30 of the polarizer 25 is placed at 45° with respect to
a director direction of the liquid crystal molecules 29 and an analyzing axis 31 of the analyzer 26 is placed so
as to be perpendicutar to the polarization axis 30 of the polarizer 25 (crossed Nicol state) is considered, the
following expression holds between the retardation (d x An) and the output light intensity l,.

1, = k-sin2(An-dn/))  (4)
1o: output light intensity
l;: incident light intensity
An-d: retardation
A wavelength of incident light

Figure 6 shows a characleristic curve obtained by the above expression. It is understood from Figure 6
that at least a retardation (d x An) of A/2 or more is required with respect to the wavelength A of the incident
light in order to obtain the maximum on/off ratio for the output light intensity |,.

In Figure 7, three types of V-T characteristic are shown. That is, case 1: d x An < M2; case 2: d x An = A2;
and case 3: d x An > A/2. As shown in Figure 7, a sufficient on/off ratio cannot be obtained for.the case 1. As
for the case 2, anly the same V-T characteristic as that of the display mode which utilizes a voltage close to a
threshold value, such as a conventional TN-type liquid crystal device, is obtained. Therefore, it is most suitable
touse the case 3. Itis understood that even a small change in the applied voltage can greatly change the trans-
mitted light intensity.

As described above, the V-T characteristic of ECB mode liquid crystal display 21 having a suitable retar-
dation (d x An) is as is shown in Figure 2. In this case, as shown in Figure 8, the polarization axis 30 of the
polarizer 25 is set at 45° with respect to the director direction 32 of the liquid crystal molecules in the liquid
crystal layer 24, and the analyzing direction 31 of the analyzer 26 is arranged set to be perpendicuiar to the
polarization axis 30 of the polarizer 25 (crossed Nicol state). In the case where the polarization axis 30 is ar-
ranged parallel to the analyzing axis 31 (parallel Nicol stats), the change in transmittance of the characteristic
of Figure 2 is reversed.

The method for increasing the response speed of a liquid crystal display will be described below. As shown
in Figure 3, the rise of the liquid crystal molecules 29 corresponds to the stretch of a spring. Normally, when
the spring is stretched, the speed of the stretch depends on the force to pull the spring. The force for the spring
corresponds to the electric field for the liquid crystal molecules 29. Therefore, the response speed for rising
the liquid crystal molecules 29 (the rise speed) can be increased by increasing the applied voltage E. However,
it is difficult to increase the response speed for relaxing the liquid crystal molecules 29 (the decay speed). The
relaxation time of the orientationally deformed liquid crystal molecules 29 corresponds to the time required for
restoring the stretched spring. Since the initial speed for restoring the spring depends on the potential energy
of the stretched spring, the highest speed is obtained for the fully stretched spring, which has the maximum
potential energy. The fully stretched spring, however, has the longest distance to be in its initial state. There-
fore, the fully stretched spring does not lead to the highest response speed in the case of decay. Provided the
same analogy for the orientationally deformed liquid crystal molecules, the following phenomenon is under-
stood. When the applied voltage is turned off, the highestresponse speed can be obtained inthe case of above-
mentioned mode O in the V-T characteristic. However, the mode O has the largest degree of deformation in the
orientation of the liquid crystal molecules from the initial orientation state. As a result, although the display
mode using a voltage close to the threshold value. such as the TN-type LCD, can provide the highest initial
decay speed, the overall response speed is slow in the case of decay.

On the other hand, in order ta optically switch the on/off states of a liquid crystal device utilizing the bire-
fringence of liquid crystal molecules such as an ECB mode device, the change in the retardation (An-d: An =
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refractive index anisotropy of liquid crystal, d = cell gap) in accordance with the orientational deformation of
liquid crystal molecules for at least a half wavelength is sufficient Therefore, if An-d/A > 1/2 is satisfied, the
relaxation from the mode O to the initial state is not necessary. That is, the orientational deformation is not
required to relax to the initial orientation state. In particular, if An of the liquid crystal layer is large and An-d >
302 is satisfied, as is shown by the curve representing case 3 in Figure 7, optically sufficient contrast can be
obtained even if the crientational deformation of the liquid crystal molecules is minute. This resultin the highest
response speed.

As mentioned above, for the transmissive liquid crystal device, by setting the retardation (d x An) for the
liquid crystal layer to satisfy the relation:

d x An > Af2,
a high contrast ratio and a high response speed can be obtained. As for a reflective liquid crystal device where
the incident light passes through the liquid crystal layer twice continuously without passing through the polar-
izing element, the relation to obtain a high contrast ratio and a high response speed is expressed as
2dx An> A2 .

If the present example is adapted to the reflective liquid crystal display device where the incident light is
outputted from the analyzing element after passing through the liquid crystal layer twice, the retardation
caused by the optical path is equivaient to that for a transmissive liquid crystal device where the thickness of
the liquid crystal cell is doubled. Therefore, the following relation holds between the retardation (d x An) and
the output light intensity ..

lo = lysin?(An-2dn/A)  (5) -

In the present specification, the output light intensity refers to the transmitted light intensity for the trans-
missive device and the reflected light intensity for the refiective device. The voltage-transmittance character-
istics as shown in Figures 2 and 7 may be referred to as the voltage-output light intensity characteristics so
as to include the optically equivalent voltage-reflectance characteristics.

For the reflective liquid crystal device, the case corresponding to those of Figure 7 are: case 1: d x An <
A/4; case 2: d x An = A/4; and case 3: d x An > A/4, respectively.

As described above, the liquid crystal device having an adequate retardation can be driven by applying
the voltage to the pixels in the field sequential addressing method so that optical on/off states are switched
by applying a maximum voltage corresponding to the extremum value-(maximum value or minimum value) of
the light transmittance in the V-T characteristic and the saturation voltage higher than the maximum voltage.
In the case where An-d > A, preferably An-d > 3\/2, is satisfied and a plurality of extrema are obtained in the
V-T characteristic, the on/off switching may be performed between the first extremum and the second extrem-
um, as long as sufficient response speed is obtained.

By utilizing the highly deformed orientation state (mode 0), the liquid crystal device according to this ex-
ample can provide a high response speed as well as a high contrast ratio. It is preferable that each of arise
time and a decay time of the optical response is one-fifth or less than a display period.

Example 2

Figure 9 is a cross-sectional view showing a configuration of a liquid crystal display device 40 according
to a second example of the present invention. The liquid crystal display device 40 includes a liquid crystal cell
45 having a pair of substrates 45a and 45b, a liquid crystal layer 44 intemposed between the pair of substrates
45a and 45b. On the sides of the liquid crystal cell 45, a polarizer 47 and an analyzer 48 are provided. Adriving
voltage supplying portion 46 supplies a driving voltage to the liquid crystal cell 45.

In this example, the driving voltage supplying portion 46 supplies a driving voltage waveform which applies
afirst preliminary voltage having an absolute value larger than a signal voltage before applying a signal voitage
for obtaining a predetermined output light intensity (transmittance or reflectance) to the liquid crystal cell 45.

A fabrication method of the liquid crystal cell 45 will be described. An ITO film 42a having a thickness in
the range of 0.1 to 1.1 um is formed by using a sputtering method on a glass substrate (trade name: 7059,
manufactured by Corning Inc.) 41a having a thickness of 1.1 mm. The ITO film 42a on the substrate 41a is
etched into an electrode with a desired shape (character, figure, matrix or the like) by using a photolithography
process. Another 1TO film 42b is formed on the entire surface of another glass substrate 41b in the same man-
ner so as to form a counter electrode. Alignment films (trade name: Optomer AL4552, manufactured by Japan
Synthetic Rubber Ltd.) 43a and 43b are formed over the surfaces of the substrates 45a and 45b. After being
cured at 230°C, the atignment films 43a and 43b are subject to the rubbing treatment so that the rubbing di-
rections become antiparallel when the pair of substrates 41a and 41b are attached to each other to form the
liquid crystal cell 45.

Afterthe alignment treatment, a liquid crystal sealing layer (not shown) is formed by a screen printing meth-
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od using an adhesive sealing material, in which glass fiber having a diameter of 4.5 pm is mixed. Then, the
pair of the substrates 45a and 45b are attached to each other by the liquid crystal sealing layer interposing a
glass beads spacer (not shawn) having a diameter of 4 pm between them. A liquid crystal material is injected
to a gap between the pair of substrates 45a and 45b by a vacuum injection method so as to obtain the liquid
crystal layer 44. The reference numeral 49 denotes a director direction of the liquid crystal molecules in the
liquid crystal layer 44. The liquid crystal material used in this example is BL0O35 (manufactured by Merck &
Co., Inc.: An= 0.267). Other liquid crystal materials may be used. ’

The optical response characteristics in the cases where a signal voltage V., alone is applied and where
the driving voltage waveform is applied are shown in Figures 10A and 10B, respectively. Figure 10A shows
the case where the signal voltage: V., = 3V, which is a step voltage, is applied, and Figure 10B shows the case
where the first preliminary voltage V), and the signal voltage V,, are applied in this order. In this experiment,
the measurement of the optical characteristics is carried out under the following conditions: the first preliminary
voltage Vi = 20 V; time period Ty for applying the first preliminary voltage Vy = 0.25 msec; and time period
T.n for applying the signal voltage Vo, =4.75 msec. As aresult, as shown in Figure 104, the liquid crystal disptay
device does not have an optically sufficient response in the case where the signal voltage V,, alone is applied.
Thatis, the response speed is not sufficiently fast, resulting in that the transmittance does not reach the desired
value (35%). However, in the case where the first preliminary voltage Vy and the signal voltage V,, are used,
as in Figure 10B, the optically sufficiently high response speed is obtained.

In this case, the time period Ty for applying the first preliminary voltage Vy is required to be shorter than
the time period T, for applying the signal voltage V,, which is a display signal. Preferably, it is desirable that
the time period Ty for applying the first preliminary voltage V,, is one-fifth or less than the time period T,, for
applying the signal voltage V,,,.

Although the display mode of the liquid crystal used in this example is homogeneous EBC mode, the dis-
play mode utilizing the birefringence such as Super-Twisted Nematic (STN) may be used. An oblique vapor
deposition method may be used as well as the rubbing method as an alignment controlling method. In this ex-
ample, although both of the substrates are glass substrates, one of them may be an opaque substrate such
as a semiconductor substrate for a reflective device.

Example 3

In this example, a second preliminary voltage V| having an absolute value smalier than that of a signal
voltage V,, is applied between the application of the signal voltage Vo and a first preliminary voltage V4 having
an absolute value larger than the signal voltage Ven.

The comparison between the optical response characteristics of the cases where a second preliminary
voltage V,_is present and is not present between the first preliminary voltage Vy; and signal voltage V,, are
shown in Figures 11A and 11B, respectively, using the liquid crystal cell similar to the liquid crystal cells 45
which are formed according to the second example. Figure 11A shows the case where the second preliminary
voltage V,_ is not present, and Figure 11B shows the case where the second preliminary voltage V is present.
In this experiment, the measurement of the optical characteristics is carried out under the following conditions:
the first preliminary voltage Vy = 20 V; the second preliminary voltage V. = 0 V; a signal voltage V,, = 3 V;
time period Ty, for applying the first preliminary voltage Vi, = 0.25 msec; time period T, for applying the second
preliminary voltage V, = 0.25 msec; and time period T,, for applying the signal voltage V,, = 4.5 msec. As a
result, as shown in Figures 11A and 11B, the distortion present in the waveform of the optical response char-
acteristic can be eliminated by providing the time period for applying the second preliminary voltage V, be-
tween the time period for applying the first preliminary voltage Vi, and the signal voltage V..

As described above, the optical response speed becomes higher by applying the first preliminary voltage
Vu having an absolute value larger than at least that of the signal voltage V,, and further applying the second
preliminary voltage V| having an absolute value smaller than at least that of the signal voltage V,, before ap-
plying the signal voltage V,, for obtaining the predetermined transmittance and reflectance to the respective
pixels constituting the liquid crystal display.

In this case, it is necessary that the time period Ty for applying the first preliminary voltage V,, and the
time period T, for applying the second preliminary voltage V| are shorter than the time period T, for applying
the signal voltage V,,, which is a display signal, respectively. Preferably, it is desirable that the total of the time
periods for applying the first preliminary voitage Vi and the second preliminary voltage V,, i.e., Ty + T, is one-
fifth or less than the time period T, for applying the signal voitage.

In the third example described above, the display is performed in the following manner. The first prelim-
inary voltage V,, for changing the molecular orientation to the mode ¢ is constantly applied immediately before
performing the display, as shown in Figure 12, utilizing the liquid crystal having An satisfying the above-
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mentioned condition: d x An > A/2 or 2d x An > A/2. Then, the liquid crystal molecules are relaxed by the second
preliminary voltage V, which is lower than the voltage corresponding to the first peak in the V-T characteristic
after applying the first preliminary voltage V. Thereafter, the display is performed by the applied signal voltage
V... At this moment, since the first preliminary voltage Vy is required to make the orientational state of the liquid
crystal molecules be in mode ¢ as an optical response, the voitage V is preferably higher than the voltage V,,
which is a saturation voltage in the V-T characteristic. Considering that the speed in the orientational change
of the liquid crystal molecules increases with the increase of the applied voltage, as described before, the liquid
crystal molecule orientation is transitioned to mode ¢ with a higher speed in the case where the first preliminary
voltage Vi = V,. The speed of relaxation is increased as the second preliminary voltage V., becomes closer
to 0 V since the difference in the potentials of the liquid crystal molecules becomes wider. Since the first and
second preliminary voltages Vy and V_ are not used for displaying an image, the quality of the display image
is deteriorated if T + T_. which is the time period for applying the preliminary voltages, is unnecessarily long.
However. the inventors confirmed the following fact by experiment. In view of the response characteristic and
display quality of the liquid crystal display device itself, if the maximum value of time period Ty + T for applying
the voltages is one-fifth or less than the time period T, for applying the display signal in one field, the con-
spicuous deterioration is not observed. Regarding the minimum value, since it is desirable to apply the first
and second preliminary voltages for the time period in which the orientational change in the liquid crystal mol-
ecules can transition as described abave, it is preferable to optimize each physical constant, such as viscosity
and elasticity of the liquid crystal materials.

Although the display mode of the liquid crystal used in this example is homogeneous EBC mode, the dis-
play mode utilizing the birefringence such as STN may also be used. An oblique vapor deposition method can
also be used as well as the rubbing method as an orientation controlling method. In this example, although
both of the substrates are glass substrates, one of them may be an opaque substrate such as a semiconductor
substrate for a refleclive device.

Example 4

Aliquid crystal cell capable of being driven with a lower voltage is shown as a fourth example. In the graph
of Figure 2, since the transmittance of the mode 0 is not completely saturated and therefore the transmittance
does not reach the minimum value, a sufficiently high contrast ratio may not be obtained. Since the liquid crys-
tal molecules at a surface of a substrate are under a strong influence of an anchoring, as compared with the
bulk liquid crystal molecules in the middie of a liquid crystal layer in the thickness direction, the orientational
change of the liquid crystal molecules at the surface does not occur unless an extremely high voltage is applied.
Thus, as shown in Figure 3C, although the bulk liquid crystal molecules rise, the liquid crystal molecules at
the surface of the substrates remain in the initial orientation state. In such a state, since the retardation of the
liquid crystal molecules at the surface remain, the leakage of light occurs. In order to obtain the transmittance
of around 0% at mode 0, an extremely high voltage (several tens V or more) is necessary. A display method
using such a high voltage is not preferable because the voltage ratio for on/off switching is increased for the
driving voltage.

A configuration of aliquid crystal device as an example of solutions of the above problem is shown in Figure
13. Amethod for solving the problem is as follows. A liquid crystal cell 51 on the driving side used for displaying
image and an equivalent liquid crystal cell 52 on the compensation side are overlapped with each other so
that the rubbing directions (the direction of directors of the liquid crystal molecules) 53a and 53b are perpen-
dicular to each other in Figure 13. The retardation of the liquid crystal celt 51 on the driving side is compensated
by the retardation of the liquid crystal cell 52 on the compensation side. In this example, the reference numerals
54 and 56 denote a polarization axis of the polarizer 55 and an analyzing axis of the analyzer 57, respectively.

The fourth example in accordance with the compensation method will be described with reference to Figure
14. The liquid crystal cell 51 on the driving side is obtained in the following manner. Asubstrate §1a is obtained
by forming an ITO film 62a by using a sputtering method having a thickness in the range of 0.1 to 1.1 um on
a glass substrate (trade name: 7059, manufactured by Corning Inc.) 61a having a thickness of 1.1 mm. The
ITOfilm 62a on the glass substrate 61a is etched to form a strip electrode by using a photolithography process.
Liquid crystal alignment films (trade name: Optomer AL4552, manufactured by Japan Synthetic Rubber Ltd.)
63a and 63b are applied to the thus formed substrate 51a and another substrate 51b having a strip electrode
formed of ITO film 62b on a glass substrate 61b in the same manner. After being cured at 230°C, the pair of
substrates 51a and 51b are subject to the rubbing treatment so that the rubbing directions become antiparallel
when the pair of substrates 51a and 51b are attached to each other.

Afterthe alignment treatment, a liquid crystal sealing layer (not shown) is formed by a screen printing meth-
od using an adhesive sealing material, in which glass fiber having a diameter of 4.5 pm is mixed. Then, the
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pair of the substrates 51a and 51b are attached to each other by the liquid crystal sealing layer interposing a
glass beads spacer (not shown) having a diameter of 4 um between them. The pair of substrates 51a and 51b
are attached to each other so that the strip electrodes are perpendicular to each other and the rubbing direc-
tions are antiparallel to each other. Portions of the liquid crystal cell 51 where the strip electrodes overlap func-
tion as pixels. A liquid crystal material is injected to a gap between the pair of substrates 51a and S5ib by a
vacuum injection method so as to obtain the liquid crystal layer 64. The liquid crystal material used in this ex-
ample is BL035 (manufactured by Merck & Co., Inc.: An= 0.267).

The liquid crystal cell 52 is fabricated in the same manner as the liquid crystal cell 51. However, ITO films
162a and 162b formed on glass substrate 161a and 161b are not etched to form the strip electrodes. The sur-
face of substrates 52a and 52b are covered by alignment films 163a and 163b, respectively. Aliquid crystal
layer 164 sandwiched between the pair of substrates 52a and 52b are aligned so that the director 165 is per-
pendicular to the director 65 of the liquid crystal layer 64.

The liquid crystal cell 51 including the ITO films 62a and 62b having electrodes with a certain shape is
calted the driving liquid crystal cell 51, and the other is called the compensating liquid crystal cell 52. The pair
of liquid crystal cells 51 and 52 are overlapped with each other so that the directors 65 and 165 of the liquid
crystal molecules are perpendicular to each other. Then, the pair of liquid crystal cells 51 and 52 are attached
to each other by using an adhesive resin 66 having the same refractive index and spectral characteristic as
those of the insulating substrates 161b and 161a. A polarizer 67 and an analyzer 68 are provided on the sides
of the combined liquid crystal cells.

The voltage-light transmittance characteristic of the liquid crystal device 60 is shown in Figure 15. The
voltage applied to the compensating liquid crystal cell 52 is a voltage V,. (hereinafter, the point C is referred
to as a pseud mode 0) at which the transmittance becomes minimum in the V-T characteristic of the liquid crys-
tal device 60 having the driving liquid crystal cell 51 and the compensating liquid crystal cell 52. The pseud
mode O corresponds to the mode 0, which moves to the low voltage side due lo the compensating liquid crystal
cell 52. A point D represents the first peak value having the maximum transmittance.

The driving voltage waveforms and the optical response characteristics of the cases where the compen-
sating liquid crystal cell 52 is used and is not used are shown in Figures 16A and 16B, respectively. In this
experiment, the measurement of the transmittance in Figure 16A is conducted under the following conditions:
the first preliminary voltage Vi = 20 V; the second preliminary voltage V| = 0 V; and the signal voltage Vo, =
3 V. The measurement in Figure 16B is conducted under the following conditions: the first preliminary voltage
Vu = 6 V; the second preliminary voltage V= 0 V; and the signal voltage V,, = 2.4 V. Furthermore, both meas-
urements are conducted under the following conditions: time period Ty for applying the first preliminary voltage
V, = 0.25 msec; time period T_ for applying the second preliminary voltage V, = 0.25 msec; and time period
Toa for applying the signal voltage V,, = 4.5 msec.

As a result, the same optical response can be obtained with a lower driving voltage as shown in Figures
16A and 16B by providing the compensating liquid crystal cell 52 as a retardation compensation means for
compensating the retardation for the liquid crystal cell 51.

In this example, although the glass substrates 61a and 61b are used for both substrates of the driving
liquid crystal cell 51, the glass substrate 61a may be an opaque substrate such as a silicon substrate for a
reflective device. Although the display mode of the liquid crystal display device 60 of this example is a homo-
geneous EBC mode, the display mode utilizing the birefringence, such as STN mode, may also be used. An
oblique vapor deposition method may be used as well as the rubbing methad as an alignment controlling meth-
od. Furthermore, although the compensation liquid crystal cell 52 fabricated under the same conditions of the
liquid crystal cell 51 is used in this example, a uniaxial or biaxial orientation film as a phase plate may also be
used. The retardation of the phase plate is preferably equal to that of the driving liquid crystal cell at mode C.

Example 5

A specific driving method with a driving voltage waveform of the present invention in the case of the ho-
mogeneous EBC mode using the active matrix method will be described as a fifth example, with reference to
Figures 17, 18 and 19.

Figure 17 shows the fabrication process of TFTs which are active elements in the fifth example, Figure
18 is a cross-sectional view of a liguid crystal display cell 180 in the fifth example, and Figure 19 is a plane
view of an active matrix substrate 180a of the liquid crystal display cell 180 in the fifth example. As shown in
Figures 17 to 19, at step S1, a Ta metal layer having a thickness of 300 nm is formed on an insulating substrate
71 made of glass by a sputtering method. Then, the patterning of the metal layer is performed by using a pho-
tolithography process and an etching process, thereby forming a gate bus wiring 72 and a gate electrode 73.
Next, at step S2, a gate insulating film 74 made of SiNx having a thickness of 400 nm is formed by a plasma
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Chemica: Yapor Deposition method. At step $3, an a-Si layer having a thickness of 100 nm to be a semicon-
ductor & - 2 75 and an n*-type a-Silayer having a thickness of 40 nm to be a contact layer 76 are successively
formed i this order by the plasma CVD method. Then, the patterning of the n*-type a-Si layer and the a-Si
layer is performed, thereby forming the contact layer 76 and the semiconductor layer 75. At step S4, a Mo metal
layer having a thickness of 200 nm is formed by a sputtering method. Then, the patterning of the Mo metal
layer is performed, thereby forming a source electrode 77, a drain electrode 78 and a source bus line 79. The
drain electrode 78 are connected to a pixel electrode 88. The source bus line 79, which functions as a signal
line, is connected to the source electrode 77 which functions as an input terminal of the TFT 80. With the above
process, the active matrix substrate 180a having the TFT 80 is obtained.

A method for producing the liquid crystal display cell 180 using the active matrix substrate 180a will be
described. A counter substrate 180b is obtained by forming an ITO film 82 with a thickness in the range of 0.1
to 1 um on a glass substrate B1 (trade name: 7059, manufactured by Corning Inc.) having a thickness of 1.1
mm by using a sputtering method. The ITO film 82 is patterned to form a plurality of counter electrodes in strips.
After liquid crystal alignment films (trade name: Optomer AL4552, manufactured by Japan Synthetic Rubber
Ltd.) 83 are applied to cover the substrates 180a and 180b. Then the substrates 180a and 180b are cured at
230°C. The pair of substrates 180a and 180b are subject to the rubbing treatment so that the rubbing directions
become antiparallel to each other when the pair of substrates 180a and 180b are attached to each other. An
adhesive sealing material having a thickness of 4.5 pm, in which glass fiber is mixed, is used to form a liquid
crystal sealing layer (not shown) by the screen printing method. The pair of the substrates 180a and 180b are
attached to each other by the liquid crystal sealing layer, interposing a glass beads spacer (not shown) having
a thickness of 4 um therebetween. The substrates 180a and 180b are attached to each other so that the strip
electrodes are parallel to the gate bus line 72 and overlaps with the pixel electrode 88. Then, aliquid crystal
material is injected between the pair of the substrates 180a and 180b to form a liquid crystailayer 84 by vacuum
injection method. The liquid crystal used in this example is BL035 (manufactured by Merck & Co., Inc.: An =
0.267).

A polarizer 85 is formed on the light entering side of the thus fabricated liquid crystal display cell 180. A
phase plate 86 and an analyzer 87 are provided in this order an the light outputting side of the liquid crystal
display cell 180.

A driving method for driving an active matrix liquid crystal display device 190 (hereinafter, referred to as
AM-LCD) with the driving voltage waveform according to the present invention will be described. Figure 20
shows an entire structure of the AM-LCD 190 according to the fifth example. As shown in Figure 20, the AM-
LCD 190 includes the active matrix liquid crystal cell 180, a gate driving circuit 91, source driving circuit 92
and a counter electrode driving circuit 93. The active matrix liquid crystal cell 180 is driven by the gate driving
circuit 91 and the source driving circuit 92 using a line sequential addressing method. The counter substrate
180b of the active matrix liquid crystal cell 180 has a plurality of strip counter electrodes 94 arranged to be
parallel to the gate bus line 72. Therefore, it is possible to apply a counter voltage to the counter electrodes
line by line synchronizing with a timing of the application of the gate voltage to the corresponding gate busline
72. The counter voltage is supplied by the counter electrode driving circuit 93.

Figures 21A through 21C are time-charts of the driving voltage waveform of the present invention. Figure
21A, 21B and 21C show a gate voltage 191, a counter voltage 193 and a source voltage 192, respectively. A
source voltage 192 shown in Figure 21C is applied through the source electrode to the pixel electrode while
the gate of the TFT is opened by a gate voltage 191 shown in Figure 21A. The source voitage 192 corresponds
to the signal voltage V,,. A counter voitage 193 shown in Figure 21B, which is a pulse voltage applied to the
counter electrodes before the application of the source voitage 192 through the source electrode, is applied
while the gates of TFTs are open. The counter voltage 193 corresponds to the first preliminary voltage Vy. A
voltage unapplied time period, which occurs between the application of the first preliminary voltage Vy (193
in Figure 21B) and the application of the signal voltage V,, (192 in Figure 21C), corresponds to a period for
the second preliminary voltage V,.

Figures 22A and 22B shows the case where the active matrix liquid crystal cells, which are obtained ac-
cording to the fabrication process of TFTs shown in Figure 17, are driven by using the driving method of the
present invention. Figure 22A shows a driving waveform. The driving voltage is a voltage applied to a pixel,
which is a voltage difference between a source voltage (a signal voltage) and a counter voltage. Figure 22B
shows an optical response characteristic. In Figure 22A, the signal voltage V,, is changedto 6V, 5V, 4V, 3
V, 2.4 V, under the conditions: the first preliminary voltage V,; = 10 V; and the second preliminary voltage V
= 0 V. The polarity of the applied voltage is reversed in each frame in order to prevent the deterioration of the
liquid crystal material. As described above, the liquid crystal display device, which is capable of responding
with high speed and displaying half tone, is obtained by using the driving method of the present invention.

Although the display characteristic using the frame inversion driving method is shown in Figures 22A and
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228, the driving method is not limited to the frame inversion driving method as long as the voltage applied lo
the liquid crystal material does notinclude a direct current component as the whole driving voltage. Although
the polarity of the first pretiminary voltage V, is identical with that of the signal voltage V,, in one field, the
polarity of the first preliminary voltage Vy may be inversed. That is, the polarity of the first preliminary voltage
Vy may be identical with that of a signal voltage applied in the preceding field, as is shown in Figure 23.

In this example, although the TFT is used as a switching element, a Metal-Insulator-Metal (MIM) element
may be used. As for the substrate on which the TFTs are formed, instead of the insulating substrate, an opague
substrate such as a silicon substrate may also be used for a refiective device. Although the display mode of
the liquid crystal display device used in this example is homogeneous EBC mode, the display mode utilizing
the birefringence, such as STN mode, may be used. An oblique vapor deposition method may be used as well
as the rubbing method as an alignment controlling method. Furthermore, although the liquid crystal cell similar
to the liquid crystal cell for driving is used as a birefringent material for compensating the retardation of the
driving liquid crystal cell, a film having a phase difference or a material having the same effect may also be
used.

Example 6

As a sixth example, the case where a silicon single crystalline substrate is used for a back face substrate
of a liquid crystal display device is described. In this example, a switching transistor for driving a pixel electrode
is formed in the single crystalline silicon. Since the single crystalline silicon has high mobility (about
1500cm2-V-1.s-1), TFTs far excellent than amorphous silicon thin film TFTs and polysilicon TFTs can be ob-
tained. The performance of each transistor is shown in Tabie 1.

[Table 1]

Single-crystalline | Poly—crystalline[Amorphous
Si Si Si
Mobility  {Electron 1500 100 | 0.1~0.5
(emZ.v=.57")| Hole 600 50 -
Ion/1off >10° 10 10°

Operation frequency | Several GHz 20 MHz S MHz

(CMOS shift register) | (1um rute) | (4= 194m) |(L=10 ﬁg)

It is understood from Table 1 that the switching element having a high current driving ability and a large
on/off ratio of a current can be obtained if transistors are formed in the single crystalline silicon.

As described above, the switching element with high operation speed can be obtained by forming switching
transistors in a single crystalline silicon layer. Therefore, by combining the nematic liquid crystal driving method
according to the present invention, which can provide a high response speed and is capable of displaying gray-
scale, with the TFTs formed in the single crystalline silicon, a color display driven by the field sequential color
mixing method can be realized easily.

Hereinafter, a solution for a prablem in stability of the holding of signal voltages in the active matrix liquid
crystal display device will be described.

In Figures 24A and 24B, a configuration of a circuit of a unit pixe! region of a color liquid crystal display
device is shown. Figure 24A is a plane view, and Figure 24B is a cross-sectional view taken along a line W-
W in Figure 24A. As shown in Figures 24A and 24B, a switching circuit of NMOS is formed on a base substrate
101 which is made of P-type single crystalline silicon. In this device, two transistors, that s, a first transistor
Q1 and a second transistor Q2, are formed in a unit pixel region. Sources Q1s and Q2s and drains Q1d and
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Q2d of the respective transistors Q1 and Q2 are formed as an N-type diffusion layer 102 in the P-type single
crystalline silicon. Gate electrodes Q1g and Q2g of the respective transistors Q1 and Q2 are completely cov-
ered with a gate insulating layer 103. In this example, polysilicon is used for the gate electrodes Q1g and Q2g,
and a silicon oxide film is used for the gate insulating film 103. The transistors Q1 and Q2 are separated from
each other by afield silicon oxide film 104 and an aluminum electrode 105 on the base substrate 401. Astorage
capacitor Cs is also provided in the unit pixe! region. The storage capacitor Cs is constituted by the aluminum
electrode 115 formed in the field silicon oxide film 104 adjacent to the second transistor Q2, the N-type dif-
fusion layer 102 formed in the silicon layer corresponding to the position of the aluminum electrode 115, and
the field silicon oxide film 104 interposed therebetween.

A protection layer 106 is formed over the surface of the base substrate 101 so as to cover the gate oxide
fitm (including the gate electrode) 103, the field silicon oxide film 104, the aluminum electrode 105 and an
aluminum wiring. The protection layer 106 is provided for protecting the NMOS circuit formed on the base sub-
strate 101.

Athrough hole 110 is formed through the protection layer 106 at the position where the aluminum electrode
105 between the transistor Q2 and the field silicon oxide film 104 formed adjacent thereto is formed on the
field silicon oxide film 104.

A pixel electrode 111 is formed in each unit pixel electrode region so as to cover the predetermined region
on the protection film 106. The pixel electrode 111 is connected to the aluminum electrode 105 of the lower
layer through the through hole 110 and is electronically connected to the drain electrode Q2d of the transistor
Q2 through the aluminum electrode 105.

The gate electrode Q1g of the first transistor Q1 is connected to a scanning line 112, and the source elec-
trode Q1s of the first transistor Q1 is connected to a signal line 113 crossing the scanning line 112. The drain
electrode Q1d of the first transistor Q1, the second gate electrode Q2g of the second transistor Q2, and the
aluminum electrode 115 of the storage capacitor Cs are connected to the common aluminum electrode formed
on the field silicon oxide film 104.

A transparent counter electrode 108 is formed on the entire counter side face of a glass substrate 107
which is placed so as to be opposed to the base substrate 101. An alignment film (not shown) is formed so as
to cover the counter electrode 108.

The glass substrate 107 and the base substrate 101 are placed so as to be opposed to each other, and
a liquid crystat layer 109 is sealed therebetween. The glass substrate 107 is used as a side on which light is
incident. In this example, the liquid crystal BLO35 (manufactured by Merck & Co., Inc.: An = 0.267) is injected
between the two substrates 104 and 107 to form the liquid crystal layer 109 by a vacuum injection method.
Although not shown in Figures 24A and 24B, rubbing treatment is performed on the liquid crystal alignment
films so that the liquid crystal molecules are homogeneously oriented. The phase plate and the polarizer, which
are optimized by the retardation of the liquid crystal layer, are placed in this order.

Although the display mode of the liquid crystal used in this example is homogeneous EBC mode, the dis-
play mode utilizing the birefringence such as STN may also be used. An oblique vapor deposition method may
be used as well as the rubbing method as an alignment controlling method. Furthermore, although the liquid
crystal cell similar to the driving liquid crystal cell is used as a birefringent material for compensating the re-
tardation of the driving liquid crystal cell, a fitm having a phase difference or a material having the same effect
may also be used.

Next, a driving circuit of the liquid crystal display device according to the sixth example and a method for
driving the same will be described.

In Figure 25, an equivalent circuit of the switching circuit for driving the liquid crystal cell shown in Figures
24A and 24B according to the sixth example is shown. Figure 25 shows a configuration of the circuit of the
unit pixel region. As shown in Figure 25, the first transistor Q1 is connected to the scanning line 112 and the
signal line 113, respectively. in the vicinity of the intersecting point of the scanning line 112 and the signal line
113. An end of the storage capacitor Cs and the gate Q2g of the second transistor Q2 are connected to the
drain Q1d of the first transistor Q1. On the other hand, the scurce Q2s of the second transistor Q2 is connected
tothe source, and the drain Q2d of the second transistor Q2 is connected to the pixel electrode 111. The second
transistor Q2 has such performance that the electric potentials of the gate Q2g and the drain Q2d show a sub-
stantially linear relation. Since the first transistor Q1 supplies the data signal to the second transistor Q2, it is
desirable that the amount of leak current during an off state is small. The storage capacitance Cs functions
s0 as to hold the data signal of the first transistor Q1. The second transistor Q2 is for applying a voltage to the
liquid crystal layer 109. Since the voltage is directly applied to the liquid crystal layer 109 through the second
transistor Q2, the second transistor Q2 has a withstand voltage higher than a voltage required for switching
the liquid crystal layer 109.

With the above configuration, when the data signal is first input to the signal line 113 and the first transistor
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Q1 in the pixel electrode region on the scanning line 112 is switched on by applying the scanning signal to the
first scanning line 112, the data signal is successively applied to each transistor Q1 connected to the first scan-
ning line 112. At the same time, the data signal is held in the corresponding storage capacitor Cs. Since the
second transistor Q2 has a characteristic capable of controlling a source voltage in alinear relation with respect
to a scanning signal voltage, a voltage proportional to the data signal voltage applied to Q2g, which corresponds
to a scanning signal voltage to Q2g, is applied to the liquid crystal layer 109. The voltage applied to the liquid
crystal layer 109 is controlled by the voltage held in the storage capacitor Cs. Since the voltage held in the
storage capacitor Cs is maintained to the next field, a constant voltage is continuously applied to the liquid
crystal layer 109 during one field. Even when the first transistor Q1 is switched off, the on state of the second
transistor Q2 is maintained until the first transistor Q1 is switched on a next time. The second transistor Q2
continuously applies a voltage proportional to the data signal voltage from the storage capacitor Cs to the liquid
crystal layer 109.

According to this example, itis possible to rapidly scan all of the first transistors Q1 connected to a plurality
of scanning lines so as to form an entire display image. Therefore, it is possible to rewrite the entire display
image at substantially the same time.

As described above, the liquid crystal display device capable of being driven by the field sequential ad-
dressing method is obtained by employing the liquid crystal display device using the silicon substrate as the
back face substrate according to this example. Since the incident light passes through the liquid crystal layer
twice before being outputted through the polarizing element, the liquid crystal layer is required to adjust the
liquid crystal cell gap (d) and the refractive index anisotropy (An) so as to satisfy the condition: An-d > A/4 (pre-
ferably, An-d > 32/4, which is the condition for a high-response speed).

It is possible to constitute a projection-type liquid crystal display device capable of being driven by the
field sequential addressing method by using the liquid crystal device described above in the optical system
shown in Figures 26A and 26B. Hereinafter, a display method of the projection-type liquid crystal disptay device
will be described.

As shown in Figures 26A and 26B, a beam splitter prism 121, which is formed by combining the slant faces
of a pair of prisms 122 and 123, splits unpolarized light beamn into an S-polarized light beam 120a and a P-
polarized light beam 120b at a counter slant face 124. The S-polarized light beam 120a and the P-polarized
light beam 120b are output to a reflection-type liquid crystal display element 125 and a reflection-type liquid
crystal display element 126, respectively. Furthermore, the beam splitter prism 121 transmits the polarized
light beam 120a reflected by the reflection-type liquid crystal display element 125 and reflects the polarized
light beam 120b reflected by the reflection-type liquid crystal display element 126. Accordingly, the polarized
light beams 120a and 120b are combined to output a light beam 120c. The output light beam 120¢ is projected
onto a display screen 128 through a projection lens 127,

In the optical system of Figure 26A, a light selecting element 129, a UV-cutfilter 131 and a rotor 132 equip-
ped with red, green and blue color filters are placed in front of a light source 130 of Figure 26B. The reference
numeral 133 denotes a lens.

Figures 27(a) and 27(b) shows the timings for writing data in two liquid crystal elements LC1 and LC2
(corresponding to the liquid crystal elements 125 and 126 of Figure 26A), respectively. Red, Green and Blue
of the figures represent the time periods in which the data signals corresponding to the respective colors are
written, and each of the time periods corresponds to one field period. Three field periods correspond to one
frame period. Each of the data signals is alternately written in LC1 and LC2. The ray output from the two liquid
crystal elements LC1 and LC2 is selected with the timing shown in Figure 27(c). The output light intensity of
the liquid crystal elements LC1 and LC2 changes in terms of time as schematically shown in Figure 27(d).
Therefore, the output light intensities corresponding to R, G and B, respectively, reach the saturation intensity
during the time period of W2 and then keep the saturation intensity during the time periods of DR, DG and
DB. respectively. Thus, the intensity of an output light 120c in Figure 26A changes as shown in Figure 27(e).
The color of the output light is obtained by adjusting the timing of rotation of the color filter of the rotor 132 so
as to correspond to the data signal written in either LC1 or LC2 in the previous field period. In such a manner,
it is possible to drive the projection-type liquid crystal display device shown in Figure 26(a) by the field se-
quential addressing method.

An optical element for beam-splitting is not limited to the beam splitter prism 121. Itis also possible to use
the combination of a plurality of dichroic mirrors, which is capable of splitting an unpolarized light beam into
an S-polarized light and a P-polarized light beam and outputting the reflected polarized light beams including
the image information, which are reflected by the two reflective liquid crystal display elements 125 and 126,
while being aligned. As a light source, it is possible to prepare a plurality of monochromatic light sources for a
red beam, a green beam and a biue beam and select the light sources so as to be synchronized with the driving
timings of the liquid crystal display device.
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Example 7

As a seventh example, another example of an equivalent circuit having the configuration in the unit pixel
region in the sixth example is shown in Figure 28. As shown in Figure 28, the data signal is supplied to either
a first holding capacitor Cy4 or a first holding capacitor Cyy through transistors Tr1 and Tr2. One electrode
of the first halding capacitor Cyyq and one electrode of the first holding capacitor Cy,, are connected to one
electrode of a second holding capacitor Cya. which is common to the both first capacitors, through a transistor
Tr3 and a transistor Tr4, respectively. In this manner, when the first hotding capacitor Cy¢4 and the first holding
capacitor C,42 are directly connected to the second holding capacitor C,y, through the transistor Tr3 or Trd
alone, the charge of the first holding capacitor Cyyy and the first holding capacitor Cyyy2 are distributed to the
second holding capacitor Cyz. Therefore, in order to avoid the effect due to reduction of the voltage, it is nec-
essary to adjust the timing so that the transistors Tr1 to Tr4 are not switched on atthe same time as well as
keep the capacitance of the second holding capacitor C,, at a sufficiently small value as compared with those
of the first holding capacitor Cy44 and the first holding capacitor Cyy,.

One electrode of the second holding capacitor Cyz and one electrode of a pixel capacitor Cp are connected
to a ground line 141 through transistors Tré and Tr7, respectively. in the configuration of the circuit shown in
Figure 28, the other electrodes of the first holding capacitor Cuu. the first holding capacitor Cy,, and the second
holding capacitor Cue; are connected to the ground line 141, thereby keeping their reference voltages at GND
level.

One electrode of the second holding capacitor Cy;, is connected to a gate terminal of the transistor Tr5,
and a source terminal of the transistor Tr5 is connected to one electrode of the pixel capacitor Cp. A drain ter-
minal of the transistor Tr5 is connected to a high-voltage line 142 and the other common electrade of the pixel
capacitor Cp is connected to a common line 143, thereby constituting a buffer amplifier circuit with a voltage
follower circuit.

With the above configuration, regarding the pixel, when a first negative scanning signal al becomes active,
the transistor Tr1 is switched on and the data signal is supplied to the first holding capacitor Cuy. Next, asecond
negative scanning signal a2 becomes active, the transistor Tr3 is switched on and the charge is distributed to
the second halding capacitor Cy,. When a first positive scanning signal b1 becomes active, the transistor Tr2
is switched on and the data signal is supplied to the first holding capacitor Cyqz. Next, when a second positive
scanning signal b2 becomes active, the transistor Tr4 is turned on and the charge is distributed to the second
holding capacitor Cy,. Before the second positive scanning signal b2 becomes active, a refresh signal ¢1 be-
comes active so as to switch the transistors Tré and Tr7 on and discharge the second holding capacitor Cya
and the pixel capacitor Cp. Then, the transistor TrS§ supplies the current to the pixel capacitor Cp from the high
voltage line 142 to charge the pixel capacitor Cp in accordance with the voltage of the second holding capacitor
C,.2, to which the charge is distributed. The pixel capacitor Cp is charged until the voltage of the pixel capacitor
Cp becomes lower than that of the second holding capacitor Cy, by the threshold voltage of the transistor Tr5.
Thereafter, it is possible to maintain the voltage of the pixel capacitor Cp by compensating the charge due to
the leak current. In the configuration of the circuit, when the transistors Tr3 and Tr4 are activated, the charge
in the first capacitors for holding is discharged to the second holding capacitor. At the same time, the voltage
is applied to the transistor Tr5 in accordance with the signal (charge), thereby supplying the voltage to the liquid
crystal layer. The field sequential colormixing method can be more easily realized by using the silicon substrate
as a back face substrate of the light crystal display element of the projection-type liquid crystal display device
shown in the sixth example.

The liquid crystal display driving waveform described in the second and the third examples are applied to
the liquid crystal after the application of the refresh signal ¢1. At this moment, it is desirable to apply the first
preliminary voltage V,, and the second preliminary voitage V| to all the pixel capacitors constituting the entire
image at the same time. It is desirable that the time period from the application of the second preliminary vol-
tage V. to the application of the signal voltage V., of the display signal is short. In this example, it is possible
to make the time period approximately zero, and therefore to eliminate the unevenness of the display image.

Although the configuration of the circuit as shown in Figure 28 is used in this example, the configuration
is not limited as long as the similar effect can be obtained.

As described above, according to the present invention, the liquid crystal display device is driven by ap-
plying the voltage to the pixels in the field sequential addressing method so that optical on/off is carried out
between the voltages corresponding to the maximum light transmittance and the minimum light transmittance
in the V-T characteristic in the case: d x An > A/2, where the thickness of the liquid crystal layer is d, the bire-
fringence for the liquid crystal layer is An, and the wavelength of light for display is A. As a result, although the
orientational deformation of the liquid crystal molecules is small, the liquid crystal display having a sufficient
response speed and a sufficient contrast ratio can be obtained.
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If the driving voltage waveform applying the first preliminary voltage having an absolute value larger than
at least that of the signal voltage before applying the signal voltage for obtaining the predetermined transmit-
tance or reflectance to the pixels, the sufficient optical response of the liquid crystal display is obtained. If the
time period for applying the second preliminary voltage is provided between the time periods for applying the
first preliminary voltage and the signal voltage, the deformation in the waveform of the optical response char-
acteristic is eliminated, thereby increasing the optical response speed.

If a retardation compensation means for compensating the retardation which is the optical path difference
in both substrates and the liquid crystal layer between the ordinary components and the extraordinary com-
ponents is provided, the same optical response characteristic is obtained even with a lower driving voltage.

Furthermore, if the silicon single crystalline substrate is used for a substrate of the liquid crystal device
and the transistor for driving pixels are formed in the single crystalline silicon, far excellent TFTs, as compared
with amorphous silicon thin film TFTs or polysilicon TFTs can be obtained since the single crystalline silicon
has a large mobility.

The light modulating elements which respond with high speed and the spatial light modulating elements
such as projection-type liquid crystal display device and arithmetic device capable of being driven by the field
sequential addressing method can be obtained by driving the liquid crystal device in accordance with the above
procedure. If, for example, a CCD and the high-speed light modulating element are combined, a compact CCD
element with high precision can be obtained since signals of red, green and blue can be detected by one pixel
of the CCD.

As described above, since the liquid crystal display mode having high-speed response and capable of dis-
play half tone is realized, the liquid crystal devices such as a color liquid crystal display device capable of being
driven by the field sequential addressing method can be obtained. In addition, the liquid crystal device accord-
ing to the invention is suitable for an image input device using the liquid crystal device as a spatial light mod-
ulation element, which is used for an optical computing system.

Various other modifications will be apparent to and can be readily made by those skilled in the art without
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con-
strued.

Claims

1. Aliquid crystal device comprising:
a pair of substrates;
a liquid crystal layer interposed between the pair of substrates;
at least one polarizing element;
a plurality of pixels;
a retardation (d x An) of the liquid crystal layer satisfying one of a relation:
d x An > A/2
in a case where an incident light is output after passing through the liquid crystai fayer once, and a relation:
2d x An > W2
in a case where the incident light is outputted after passing through the liquid crystal layer twice, where
a thickness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident an
the liquid crystal layer is A; and
driving voltage applying means for applying a driving voltage induding a voltage higher than a max-
imum voltage providing an extremum of the output light intensity in a voltage-output light intensity char-
acteristic of the pixels to the plurality of pixels.

2. Aliquid crystal device according to claim 1, wherein the driving volitage applying means applies the driving
voltage to the pixels by a field sequential addressing method.

3. Aliquid crystal device according to claim 2, includes retardation compensation means between the liquid
crystal layer and the polarizing element.

4. Aliquid crystal device according to claim 1, wherein the driving voltage applying means applies a voitage
higher than the maximum voltage providing the extremum of the outputlightintensity in the voltage-output
light intensity characteristic and a voltage between the voltage higher than the maximum voitage and the
maximum voltage, thereby controlling the output light intensity of the pixels.
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Aliquid crystal device according to claim 1, wherein the driving voltage applying means reverses a polarity
of the driving voltage in each frame.

A liquid crystal device according to claim 1, wherein the driving voltage applying means applies a first
preliminary voltage having an absolute value larger than that of a signal voltage corresponding to a pre-
determined output light intensity before applying the signal voltage to the pixels.

Aliquid crystal device according to daim 6, wherein the driving voltage applying means further applies a
second preliminary voltage having an absolute value smaller than that of the signal voltage before apply-
ing the signal voltage corresponding to the predetermined output light intensity and after applying the first
preliminary voltage.

A liquid crystal device according to claim 6, wherein the absolute value of the first preliminary voltage is
larger than that of the maximum voltage providing an extremum in the voltage-output light intensity char-
acteristic of the pixels.

Aliquid crystal device according to claim 6, wherein the output light intensity at a maximum value of the
signal voltage is equal to or less than 10% of a maximum in the voltage-output light intensity characteristic
of the pixels.

A liquid crystal device according to claim 7, wherein the absolute value of the second preliminary voltage
is smaller than that of the maximum voltage providing the extremum in the voltage-output light intensity
characteristic of the pixels.

Aliquid crystal device according to claim 6, wherein a time period for applying the first preliminary voltage
is one-fifth or less than that for applying the signal voltage.

A liquid crystal device according to claim 7, wherein a sum of the time period for applying the first pre-
liminary voltage and the time period for applying the second preliminary voltage is one-fifth or less than
a time period for applying the signal valtage.

A liquid crystal device according to claim 6, wherein the driving voltage applying means applies the first
preliminary voltage to the pixels connected to each scanning line at the same time.

A liquid crystal device according to claim 6, wherein the driving voltage applying means applies the first
preliminary voitage to the pixels connected to at least one scanning line.

A liquid crystal device according to claim 7, wherein the driving voltage applying means applies the first
preliminary voltage and the second preliminary voltage to the pixels connected to at least one scanning
line for display.

Aliquid crystal device according to claim 6, wherein a value of the first preliminary voltage is identical to
all the pixels.

A liquid crystal device according to claim 7, wherein at least one of the first preliminary voltage and the
second preliminary voltage has an identical value for all the pixels.

Aliquid crystal device according to claim 3, wherein the retardation compensation means has at least a
pair of substrates and a second liquid crystal layer interposed therebetween, and an electro-optical char-
acteristic of the second liquid crystal layer is substantially identical with that of the liquid crystal layer.

Aliquid crystal device according to claim 3, wherein the retardation compensation means is selected from
a phase plate and a phase film.

A liquid crystal device according to claim 19, wherein the retardation compensation means is selected
from a uniaxially oriented polymer film and a biaxially oriented film.

A liquid crystal device according to claim 1, wherein one of the pair of substrates is a silicon single crys-
talline substrate. and the silicon single crystalline substrate has a transistor switching a voitage applied
from the driving voltage applying means to each of the plurality of pixels.
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22. A projection-type liquid crystal display device induding a liquid crystal element, wherein the liquid crystal
element comprising:
a pair of substrates;
a liquid crystal layer interposed between the pair of substrates;
5 at least one polarizing element;
a plurality of pixels;
a retardation (d x An) of the liquid crystal layer satisfying one of a relation:
dx An > A2
in a case where anincident light is output after passing through the liquid crystal layer once, and a relation:
10 2d x An > Af2
in a case where the incident light is outputted after passing through the liquid crystal tayer twice, where
a thickness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident on
the liquid crystal layer is A; and
driving voltage applying means for applying a driving voltage including a voltage higher than a max-
15 * imum voltage providing an extremum of the output light intensity in a voltage-output light intensity char-
acteristic of the pixels to the plurality of pixels.

23. Amethod for driving a liquid crystal device induding: a pair of substrates; a liquid crystal layer interposed
between the pair of substrates; at least one polarizing element; a plurality of pixels; and a retardation (d

20 x An) of the liquid crystal layer satisfying one of a relation:
d x An> A/2
in a case where anincident light is output after passing through the liquid crystal layer once, and a relation:
2d x An> A2
in a case where the incident light is outputted after passing through the liquid crystal layer twice, where
25 a thickness of the liquid crystal layer is d, a birefringence is An and a wavelength of the light incident on

the liquid crystal layer is A,

wherein the method comprises a step of applying a driving voltage including a voltage higher than
a maximum voltage providing an extremum of the output light intensity in a voltage-output light intensity
characteristic of the pixeis to the plurality of pixels.

30 .
24. A method according to claim 23, wherein the driving voltage applying step includes applying the driving
voltage to the pixels by a field sequential addressing method.
25. Amethod according to claim 23, wherein the driving voltage applying step includes applying a voltage high-
25 er than the maximum voltage providing the extremum of the output light intensity in the voltage-output

light intensity characteristic and a voltage between the voltage higher than the maximum voltage and the
maximum voltage, thereby controlling the output light intensity of the pixels.

26. A method according to daim 23, wherein a polarity of the driving voltage Is reversed in each frame.

40 27. Amethod according to claim 23, wherein the driving voltage applying step includes applying a first pre-
liminary voltage having an absolute value larger than that of a signal voltage corresponding to a prede-
termined output light intensity before applying the signal voltage to the pixels.

28. Amethod according to claim 27, wherein the driving voltage applying step further includes applying a sec-

45 ond preliminary voltage having an absolute value smalier than that of the signal voltage before applying

the signal voltage corresponding to the predetermined output light intensity and after applying the first
preliminary voltage.

29. Amethod according to daim 27, wherein the absolute value of the first preliminary voltage is larger than
50 that of the maximum voltage providing an extremum in the voltage-output light intensity characteristic of
the pixels.

30. A method according to claim 28, wherein the absaolute value of the second preliminary voltage is smaller
than that of the maximum voltage providing the extremum in the voltage-output light intensity character-
55 istic of the pixels.

31. A method according to claim 27, wherein a time period for applying the first preliminary voltage is one-
fifth or less than that for applying the signal voltage.
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A method according to claim 28, wherein a sum of the time period for applying the first preliminary voltage
and the time period for applying the second preliminary voitage is one-fifth or less than a time period for
applying the signal voltage.

A method according to claim 27, wherein the driving voltage applying step includes applying the first pre-
liminary voltage to the pixels connected to each scanning line at the same time.

A method according to claim 27, wherein the driving voltage applying step includes applying the first pre-
liminary voltage to the pixels connected to at least one scanning line.

A method according to claim 28, wherein the driving voltage applying step inciudes applying the first pre-
liminary voltage and the second preliminary voltage to the pixels connected to at least one scanning line
for display.

Amethod according to claim 27, wherein a value of the first preliminary voltage is identical to all the pixels.

A method according to claim 28, wherein at least one of the first preliminary voltage and the second pre-
liminary voltage has an identical value for all the pixels.
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(64) A liquid crystal device and a method for driving the same.

) A liquid crystal device includes: a pair of
substrates ; a liquid crystal layer interposed
between the pair of substrates; at least one
polarizing element; a plurality of pixels; a re-
tardation (d x An) of the liquid crystal layer
satisfying one of a relation :

d x An > A2
in a case where an incident light is output after
passing through the liquid crystal layer once,
and a relation :

2d x An > A2
in a case where the incident light is outputted
after passing through the liquid crystal layer
twice, where a thickness of the liquid crystal
layer is d. a birefringence is An and a wavelength
of the light incident on the liquid crystal layer is
A : and driving voltage supplying means for
applying a driving voltage including a voltage
higher than a maximum voltage providing an
extremum of the output light intensity in a
voltage-output light intensity characteristic of
the pixels to the plurality of pixels.
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a driving appara-
tus and method for an active matrix type liquid crystal
dispiay (LCD) apparatus having row and column elec-
trodes in a lattice arrangement, picture element elec-
trodes for display located in regions defined by the
row and column electrodes in a matrix arrangement,
and switching transistors connected to the picture ele-
ment electrodes and the row and column electrodes.

2. Description of the Prior Art:

Figure 3 shows an exemplary active matrix type
LCD apparatus of 4 x 4 matrix. Row electrodes (gate
electrode wirings) 1-4 and column electrades (source
electrode wirings) 5 are arranged in a lattice in the
row and column directions. In regions defined by the
row and column electrodes, picture element electro-
des 20 are arranged in a matrix. At each of the cross-
ings of the row and column electrodes, a switching
transistor 10 is provided. For the switching transistor
10, for example, a thin film transistor (TFT) is used.
Gate terminals 11 of the switching transistors 10 are

respectively connected to the row electrodes 1-4.

Source terminals 12 of the switching transistors 10
are connected to the column electrodes 5, and drain
terminals 13 thereof are.connected to the corre-

sponding picture element electrodes 20.

SNSAOCID: <EP

The column electrodes 5 are connected to a col-
umn electrode driving circuit 40. The column elec-
trode driving circuit 40 periodically and sequentially
applies data for one line to the column electrodes 5.
When the switching transistors 10 are turned ON by
a pulse applied from a row electrode driving circuit 30
to the row electrodes 1-4, a signal VS applied to each
of the column electrodes 5 is applied to each of the
picture element electrodes 20. By sequentia!!
ning a pulse applied from the row electrod~ ... . uu-
cuit 30 to the row electrodes -4, and by varying col-
umn electrode data in synchronous with the timing,
an image is displayed on the active matrix type LCD
apparatus. '

Figure 4 schematically shows a configuration of
the row electrode driving circuit 30. The row electrode
driving circuit 30 includes a shift register 31, and four
AND gates 32 respectively connected to output termi-
nals Q1, Q2, Q3, and Q4 of the shiftregister 31. The
shift register 31 inputs data SP at a data terminal (a
terminal D) and a clock pulse CL at a clock terminal
(a terminal CK), and shifts the data SP in accordance
with the clock pulse CL. As a result, the shiftregister
31 outputs the shifted data SP to the AND gates 32
at the respective output terminals Q1, Q2, Q3, and
Q4. The clock pulse CL and a LOW signal are also in-
put into the AND gates 32. The AND gates 32 AND
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these input signals, and output gate-on puises VG1-
VG4 onto the row electrades 1-4, respectively.

Figure 5 shows waveforms Of signals. Herein-
after, a waveform indicated by (N) in a figure is refer-
red to as an Nth waveform. For example, in Figure 5,
the tirst to fourth waveforms shows those of the gate-
on pulses VG1-VG4, the fifth waveform shows that
of the clock pulse CL, the sixth waveform shows that
of the data SP, and the seventh waveform shows that
of the LOW signal.

Conventionally, each of the gate-on puises VG1-
VG4 applied to the row electrodes 1-4 is a one-shot
pulse, as shown by the first to fourth waveforms in
Figure 5. The gate-on pulses have a waveform includ-
ing an Hl (high level) pericd and a LOW (low level)
period. During the HI period, the corresponding
switching transistor 10 is in an ON state, and during
the LOW period, the corresponding switching transis-
tor 10 is in an OFF state. As a result, only during the
Hl period of each of the gate-on pulses VG 1-VG4, the
signal VS shown by the eighth waveform in Figure 5
is applied to the picture element electrodes 20 con-
nected to the respective row electrodes 1-4 through
the corresponding switching transistors 10. Accord-
ingly, electrical charges are charged in a liquid crystal
layer as a display medium of picture elements. The
electrical charges are held in the liquid crystal layer
during the LOW period of the gate-on pulses VG1-
VG4, and each of the picturz elements exhibits a
transmissivity depending on the voltage applied to
the picture element. :

According to the conventional driving method
shown in Figure 5, in order to prevent the liquid crys- *
tals to deteriorate due to a DC voltage applied to an .
L.CD apparatus, the polarity of the applied voltage is
inverted for every line (for each of the row electrodes
1-4). In other words, a 1H inversion (the polarity is in-
verted every one horizontal period) system is adopt-
ed. The 1H period (one horizontal period) coincides
with a period of a National Television System Commit-
tee (NTSC) television signal {11 = 83.6 ps).

Wwhen the gate-on pulse VG1 of the first wave-
form in Figi2 5 is applied to the row electrode 1 in
Figure 3, and the sigi:' VS of the eighth waveform
in Figure 5 is applied to the culi:nyi electrode 5 in Fig-
ure 3, according to the driving melhed maitioned
above, the potential of a picture element efectiode 20
at the crossing of the row and column electrodes 1
and 5 varies. If the gate-on period is sufficiently long,
the liquid crystallayer is sufficiently charged. The po-
tential variation VLC of the picture element 20 at the
crossing is saturated, as shown by the ninth wave-
form in Figure 5.

In order o increase the scanning speed for im-
proving the functionality of the LCD apparatus, it is
necessary to shorten the gate-on period. On the con-
trary, if the gate-on period is shortened, the liquid
crystal layer is insufficiently charged. This results in
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an insufficient voltage application to the liquid crystal
layer, and causes problems in displaying an image as
follows.

For example, we consider the case of a transmis-
sion type LCD apparatus of a normally white system
(during no voltage application : white (light is transmit-
ted), during voltage application : black (light is shield-
ed)). As the scanning speed is increased, the gate-on
time period is not sufficient. This causes a shortage
of charge phenomenon in which sufficient voltage is
not applied to the liquid crystal layer. As a result, there
arises problems in that the resulting display is whitish
and a sufficient display contrast cannot be obtained,
as compared with the case where the charge is suf-
ficiently performed by applying a voltage of the same
level to a column electrode.

The above-mentioned problems are specifically
shown by a ninth waveform in Figure 6. Figure 6
shows signal waveforms in a driving method which
improves the scanning speed. In this driving method,
one horizontal scanning period is set to be one-haif of
the period of the NTSC television signal. The gate-on
pulses VG1-VG4 respectively shown by first to fourth
waveforms in Figure 6 are applied to the row electro-
des 1-4. The gate-on pulses VG1-VG4 are produced
by inputting a clock pulse CL of afifth waveform, data
SP of a sixth waveform, and a LOW signal of a sev-
enth waveform in Figure 6 into the respective input
terminals of the row electrode driving circuit 30. The
signal VS shown by an eighth waveform in Figure 6
indicates a signal to be applied to the column electro-
des 5 shown in Figure 3.

A ninth waveform VLC in Figure 6 represents the
variation in potential applied to a picture element elec-
trode 20 at the crossing of the row electrode 1 and the
column electrode 5, when the signal VS shown by the
eighth waveform in Figure 6 is applied to the column
electrode 5. Since the gate-on period of the gate-on
pulse of the first waveform is shorter than that of the
first waveform shown in Figure 5, the charge to the
liquid crystal layer is not sufficient. As aresuit, the po-
tential of VLC cannot reach a sufficientlevel. The po-
tential of VLC should reach the level indicated by a
broken line of the ninth waveform in Figure 6. How-
ever, in actuality the potential of VLC only reaches the
level indicated by the solid line thereof.

For the reasons mentioned above, there arises a
problem that a display contrast sufficient for the dis-
play quality of the LCD apparatus cannot be obtained
according to the driving method shown in Figure 6.

SUMMARY OF THE INVENTION

The driving apparatus and method of this inven-
tion for an active matrix type liquid crystal display ap-
paratus having row and column electrodes includes
the step of applying a gate-on pulse for writing data
for one line to the column electrodes to each of the
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row electrodes. The gate-on pulse has a pulse wave-
form which includes atleast one concave portion dur-
ing a horizontal period.

Alternatively, the driving apparatus and method
of this invention for an active matrix type liquid crystal
display apparatus having row and column electrodes
includes the step of applying a gate-on pulse for writ-
ing data for one line to the column electrodes to each
of the row electrodes. The gate-on pulse varies be-
tween a first level and a second level at least two
times during a horizontal period.

In a preferred embodiment, the horizontal period
may include three periods, a first period, a second
period and a third period in this order. The gate-on
pulse is at the first level during the first period, at the
second level during the second period and at the first
level during the third period.

According to the above-mentioned driving appa-
ratus and method of the invention, the charging effi-
ciency to the liquid crystal layer per unit time period
is improved accorded to the invention. Accordingly,
the driving apparatus and method of the invention is
suitable for an LCD apparatus in which the gate-on
period is shortened and the scanning ability would be
improved, because the liquid crystal layer is always
sufficiently charged, and the display contrast can be
improved.

Thus, the invention described herein makes pos-
sible the advantage of providing a driving apparatus
method for an active matrix type LCD apparatus in
which the charging efficiency to a liquid crystal layer
per unit period time is improved, and hence the scan-
ning ability and the display quality can be improved.

These and other advantages of the present in-
vention will become apparent to those skilled in the
art upon reading and understanding the following de-
tailed description with reference to the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows signal waveforms illustrating a
driving methad for an active matrix type LCD ap-
paratus of the invention;

Figure 2 is a graph comparatively showing a
transmissivity curve of aliquid crystal panelinthe
method of the invention and a transmissivity
curve in a prior art method;

Figure 3 shows a schematic configuration of the
active matrix type LCD apparatus;

Figure 4 shows a schematic configuration of a
row electrode driving circuit;

Figure 5 shows signal waveforms showing the
prior art driving method;

Figure 6 shows signal waveforms showing a prior
art driving method in which a gate-on period is
shortened.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Figure 1 shows a driving method for an active ma-
trix type LCD apparatus of the invention. The config-
uration of the active matrix type LCD apparatus to
which the method of the invention is applied is the
same as that of the active matrix type LCD apparatus
shown in Figure 3. A row electrode driving circuit has
the same configuration as that of the row electrode
driving circuit shown in Figure 4. The detailed descrip-
tion of the configuration is omitted and like compo-
‘nents have like reference numerals.

In Figure 1, first to fourth waveforms represent
gate-on pulses VG1-VG4 respectively output from
the row electrode driving circuit 30 onto the row elec-
trodes 1-4. In these gate-on pulses VG1-VG4, one
horizontal scanning period (1H) coincides with one-
half of the period of the NTSC television signal (1H =
about 31.8 us). That is. the length of one horizontal
scanning period is the same as that used in the prior
art method of Figure 6.

These gate-on pulses VG1-VG4 are produced by
inputting a clock pulse CL of a fifth waveform, data
SP of a sixth waveform, and a LOW signal of a sev-
enth waveform into the respective input terminals of
the row electrode driving circuit 30, as in the prior art
method. The gate-on period of each of the gate-on
pulses VG1-VG4 is 24 pus which is the same as in the
prior art method. However, each of the gate-on puls-
es VG1-VG4 has a pulse waveform including a con-
cave portion during the gate-on period. Specifically,
each of the pulses are set to be a LOW level during
one-third of the gate-on period (i.e., the intermediate
8 us period), as shown in Figure 1. Accordingly, each
of the gate-on pulses VG1-VG4 has a pulse wave-
form including two HI periods and one LOW period (8
ps) therebetween. The iength of one of the Hi periods
is obtained by subtracting the intermediate period
from the gate-on period, and by dividing the subtract-
ed resutt into two equal periods, i.e., (24-8)/2=8
uSs.

The gate-on pulses VG1-VG4 having such pulse
waveforms may be produced by superimposing the
LOW signal of the seventh waveform on the gate-on
pulses VG1-VG4 produced by the use of the prior art
method. As shown by the seventh waveform, the po-
larity of the LOW signal is inverted in the intermediate
period of the gate-on period.

As shown by an eighth waveform in Figure 1, the
waveform of a signal VS to be applied to each of the
column electrodes 5 shown in Figure 3 is the same as
that of the prior art method shown in Figure 6.

When the signal VS of the same level is applied
to the same column electrode S both in the method
of the invention and in the prior art method of Figure
6, the charging efficiency to a liquid crystal layer in
the method of the invention can be improved as com-
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pared with the prior art method for the following rea-
sons with reference to the graph shown in Figure 2.
In Figure 2, the vertical axis represents a transmissiv-
ity of a liquid crystal panel (%) and the horizontal axis
represents an amplitude V of the signal VS applied to
a column electrode (arbitrary unit). In Figure 2, a
transmissivity in the method of the invention is shown
by a curve (D , and a transmissivity in the prior art
method is also shown by a curve (2 for comparison.
The transmissivity is measured by using a transmis-
sion type LCD apparatus of a normally white system.

Since the transmissivity is measured by using an
LCD apparatus of a normally white system as descri-
bed above, it is decreased as the level of the signal
VS is increased. As seen from the curves () and @
at the point indicated by A in Figure 2, the transmis-
sivity in the method of the invention is lower than that
in the prior art method.

In the case of the LCD of a normally white sys-
tern, the lower transmissivity at the same level of the
voltage applied to a column electrode means that the
level of a voltage applied to the liquid crystal layer is
increased. That is, the charging efficiency to the lig-
uid crystal layeris superior. More specifically, as seen
from Figure 2, the charging efficiency to the liquid
crystal layer can be improved in the method of the in-
vention, as compared with the prior art method. Ac-
cordingly, it is dear by comparing the ninth waveform
in Figure 1 with the ninth waveform in Figure 6 that
insufficient charge does not occur whenthe invention
is applied to an LCD apparatus in which the scanning
is performed with a shortened gate-on period.

in the above embodiment, the gate-on pulse has
a pulse waveform including a concave portion in a
horizontal period. Alternatively, the gate-on pulse
may have a pulse waveform which is divided into a
plurality of portions and includes atleast one concave
portion during a horizontal period.

As described above, according to the driving
method for an active matrix type LCD apparatus of
the invention, the charging efficiency to a liquid crys-
tal layer per unit time period can be improved as com-
pared with the prior art method. Accordingly, the driv-
ing method of the invention is suitable for an LCD ap-
paratus in which the gate-on period is shortened and
the scanning ability is attempted to be improved. be-
cause the liquid crystal layer is always sufficiently
charged and hence the display contrast can be im-
proved.

Various other modifications will be apparent to
and can be readily made by those skilled in the art
without departing from the scope and spirit of this in-
vention. Accordingly, itis not intended that the scope
of the claims appended hereto be limited to the de-
scription as setforth herein, butrather thatthe claims
be broadly construed.
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Claims

BNSDOCID: <EP,,

A driving method for an active matrix type liquid
crystal display apparatus having row and column
electrodes, said driving method comprising the
step of:

applying a gate-on pulse for writing data
for one line to said column electrodes to each of
said row electrodes, said gate-on pulse having a
pulse waveform which includes at least one con-
cave portion during a horizontal period.

A driving method for an active matrix type liquid
crystal display apparatus having row and column
electrodes, said driving method comprising the
step of: '

applying a gate-on pulse for writing data
for one line to said column electrodes to each of
said row electrodes, said gate-on pulse varying
between a first level and a second level at least
two times during a horizontal period.

The method according to claim 2, wherein said
horizontal period includes three periods, a first
period, a second period and a third period in this
order, said gate-on pulse being at said first level
during said first period, at said second level dur-
ing said second period and at said first level dur-
ing said third period.

Adriving apparatus for an active matrix type liquid
crystal display having row and column electro-
des, said driving apparatus comprising:

means for applying a gate-on-pulse for
writing data for one line to said column electrodes
to each of said row electrodes, said gate-on pulse
having a pulse waveform which includes at least
one concave portion during a horizontal period.

Adriving apparatus for an active matrix type liquid
crystal display having row and column electro-
des, said driving apparatus comprising:

means for applying a gate-on-pulse for
writing data for one line to said column electrodes
to each of said row electrodes, said gate-on pulse
varying between a first level and a second level
at least two times during a horizontal period.

The apparatus according to claim 5, wherein said
horizontal period includes three periods, a first
period, a second period and a third period in this
order, said gate-on pulse being at said first level
during said first period, at said second leve! dur-
ing said second period and at said first level dur-
ing said third period.
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Ao~ AXEAME (39944 : DRIVING CIRCUIT AND DRIVING METHOD THEREOF FOR A
LIQUID CRYSTAL DISPLAY)

The present invention discloses an apparatus and
method thereof for driving a liquid crystal
display (LCD) panel. The LCD panel has a
plurality of scan lines, a plurality of data
lines, and a plurality of pixels. Each of the
pixels is connected to a corresponding scan line
and a corresponding data line. Each of the pixels
has a liquid crystal element and a switch element
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W PXEARE (FALE AREH - REBATORIEHTRRARESG S L)

A~ AXEAHBE (F89A4%45 C DRIVING CIRCUIT AND DRIVING METHOD THEREOF FOR A
LIQUID CRYSTAL DISPLAY)

connected to the corresponding scan line, the
corresponding data line, and the liquid crystal
element. The method has: sequentially receiving a
plurality of pieces of frame data; generating a
plurality data impulses for each pixel every
frame period according to the pieces of the frame
data; and applying the data impulses to the data
line connected to the liquid crystal element of

J |
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Ao~ EXEAME  (F9AL4 - DRIVING CIRCUIT AND DRIVING METHOD THEREOF FOR A
LIQUID CRYSTAL DISPLAY) '

the pixel within one frame period so as to
control a transmission rate of liquid crystal

element.
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Electronic Version

Stylesheet Version v1.1.1

Description

DRIVING CIRCUIT OF A LIQUID CRYSTAL
DISPLAY PANEL AND RELATED DRIVING
METHOD

BACKGROUND OF INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a driving circuit of a liquid crystal
display (LCD) panel and its related driving method, and
more particularly, to a driving circuit for applying over two
data impulses to a pixel electrode within one frame pe-
riod, and its related driving method.

[0003] 2. Description of the Prior Art

[0004] A liquid crystal display (LCD) has advantages of
lightweight, low power consumption, and low divergence
and is applied to various portable equipment such as
notebook computers and personal digital assistants
(PDASs). In addition, LCD monitors and LCD televisions are

gaining in popularity as a substitute for traditional cath-
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[0005]

[0006]

ode ray tube (CRT) monitors and televisions. However, an
LCD does have some disadvantages. Because of the limi-
tations of physical characteristics, the liquid crystal
molecules need to be twisted and rearranged when
changing input data, which can cause the images to be
delayed. For satisfying the rapid switching requirements
of multimedia equipment, improving the response speed
of liquid crystal is desired.

Generally when driving an LCD, a driving circuit receives a
plurality of frame data and then generates corresponding
data impulses, scan voltages, and timing signals, accord-
ing to the frame data, in order to control pixel operation
of the LCD. Each of the frame data includes data for re-
freshing all of the pixels within a frame period; thus each
of the frame data can be regarded as including a plurality
of pixel data, and each of the pixel data is for defining the
gray level that a pixel is required to reach within a frame
period. In the general standard, each pixel can switch
among 256 (28) gray levels, thus each of the pixel data is
8 bits in length.

Please refer to Fig.1 showing a timing diagram of pixel
data values varying in accordance with the frames. When

driving a pixel, the driving circuit receives a plurality of
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[0007]

pixel data used for driving the pixel in sequence. As
shown in Fig.1, GN, GN+1, GN+2 are the pixel data re-
ceived in frame periods N, N+1, N+2, and the driving cir-
cuit determines the gray level of the pixel in the frame pe-
riods N, N+1, N+2 according to the values of the pixel
data GN, GN+1, GN+2. In general, the larger the value of
the pixel data is, the larger the gray level is. The driving
circuit generates a data impulse corresponding to a frame
period according to the pixel data GN, GN+1, GN+2, and
applies the pulse to a pixel electrode of the corresponding
pixel to have the pixel be in the appropriate gray level as
required within each frame period.

Please refer to Fig.2 showing a timing diagram of different
transmission rates of a pixel, varying in accordance with
the frames. Two curves C1, C2 are measured when the
driving circuit changes the transmission rate from T1 to
T2 beginning at frame period N. The curve C1 shows the
transmission rate of a pixel not overdriven corresponding
to the frames, and the curve C2 shows the transmission
rate of the pixel overdriven corresponding to the frames.
The U.S. published application No. 2002/0050965 is one
of the references of the conventional overdriving method.

There is a time delay when charging liquid crystal
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molecules, so that they cannot twist at a predetermined
angle at a predetermined transmission rate. As shown by
the curve C1, in the case of not being overdriven, the
transmission rate cannot reach a predetermined level in
the frame period N but has to wait until the frame period
N+2. Such a delay causes blurring. In order to improve
that, some conventional LCD are overdriven, which means
applying a higher or a lower data impulse to the pixel
electrode to accelerate the reaction speed of the liquid
crystal molecules, so that the pixel can reach the prede-
termined gray level in a predetermined frame period. As
shown by the curve C2, in the case of being overdriven,
although the reaction speed of the liquid crystal molecules
is faster than in case of not being overdriven, the trans-
mission rate has to wait until frame period N+1 to reach
T2. Thus, the requirement of reaching T2 in the frame pe-

riod N still remains unsatisfied.
SUMMARY OF INVENTION

[0008] |t is therefore a primary objective of the claimed invention
to provide a driving circuit of an LCD panel and its relating
driving method to solve the problem mentioned above.

[0009] Briefly, the present invention provides a method for driv-

ing an LCD panel. The LCD panel includes a plurality of
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[0010]

scan lines, a plurality of data lines, and a plurality of pix-
els. Each pixel is connected to a corresponding scan line
and a corresponding data line, and each pixel includes a
liquid crystal device and a switching device connected to
the corresponding scan line, the corresponding data line,
and the liquid crystal device. The method includes receiv-
ing continuously a plurality of frame data, generating a
plurality of data impulses for each pixel in every frame
period according to the frame data and applying the data
impulses to the liquid crystal device of one of the pixels
within one frame period via the data line connected to the
pixel in order to control the transmission rate of the liquid
crystal device of the pixel.

The present invention further provides a driving circuit for
driving an LCD panel including a blur clear converter for
receiving frame data every frame period, each frame data
comprising a plurality of pixel data and each pixel data
corresponding to a pixel, the blur clear converter delaying
current frame data to generate delayed frame data and
generating a plurality of overdriven pixel data in every
frame period for each pixel; a source driver for generating
a plurality of data impulses to each pixel according to the

plurality of overdriven pixel data generated by the blur
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[0011]

clear converter and applying the data impulses to the lig-
uid crystal device of the pixel via the scan line connected
to the pixel in order to control the transmission rate of
the liquid crystal device; and a gate driver for applying a
scan line voltage to the switch device of the pixel so that
the data impulses can be applied to the liquid crystal de-
vice of the pixel.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various fig-

ures and drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[0013]

[0014]

[0015]

[0016]

Fig.1 is a timing diagram of the pixel data values varying
in accordance with the frames according to the prior art.
Fig.2 is a timing diagram of different transmission rates of
the pixel varying in accordance with the frames.

Fig.3 is a block diagram of a driving circuit and an LCD
panel according to the present invention.

Fig.4 is a circuit diagram of the LCD panel.

Fig.5 is a timing diagram of pixel data values varying in

accordance with frames.
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[0017]

[0018]

[0019]

[0020]

[0021]

Fig.6 is a timing diagram of the transmission rate of the
pixel varying in accordance with the frames.

Fig.7 is a block diagram of the blur clear converter ac-
cording to the first embodiment of the present invention.
Fig.8 is a block diagram of the blur clear converter ac-
cording to the second embodiment of the present inven-
tion.

Fig.9 is a timing diagram of original pixel data received by
the blur clear converter varying in accordance with the
frames.

Fig.10 is a timing diagram of overdriven pixel data gener-
ated by the blur clear converter varying in accordance with

the frames.

DETAILED DESCRIPTION

[0022]

Please refer to Fig.3 showing a block diagram of a driving
circuit 10 and an LCD panel 30 according to the present
invention. The driving circuit 10 is for driving the LCD
panel 30, which includes a signal controller 12, a blur
clear converter 14, a timing controller 16, a source driver
18, and a gate driver 20. The signal controller 12 is for
receiving composite video signals Sc, which includes
frame data and timing data for driving the LCD panel 30,

and processing the composite video signals Sc to separate
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[0023]

them into frame signals G and control signals C. Subse-
quently, the blur clear converter 14 continuously receives
the control signals C and the frame data included in the
frame signals G and generates processed frame signals G
including a plurality of overdriven data according to the
frame data. The timing controller 16 controls the source
driver 18 and the gate driver 20 according to the frame
signals G and the control signals C so that the source
driver 18 and the gate driver 20 generate corresponding
data line voltages and scan line voltages according to the
plurality of overdriven data included in the frame signals
G in order to drive the LCD panel 30 to generate images
corresponding to the composite video signals Sc.

Please refer to Fig.4 showing a circuit diagram of the LCD
panel 30. The LCD panel 30 includes a plurality of scan
lines 32, a plurality of data lines 34, and a plurality of pix-
els 36. Each pixel 36 is connected to a corresponding scan
line 32 and a corresponding data line 34, and each pixel
36 has a switching device 38 and a liquid crystal device 39
a.k.a. a pixel electrode. The switching device 38 is con-
nected to the corresponding scan line 32 and the corre-
sponding data line 34, and the source driver 18 and the

gate driver 20 control the operation of each pixel 36 via
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[0024]

the scan line 32 and the data line 34. To drive the LCD 30,
scan voltages are applied to the scan lines 32 to turn on
the switching devices 38, and data voltages are applied to
the data lines 34 and transmitted to the pixel electrodes
30 through the switching devices 38. Therefore, when the
scan voltages are applied to the scan lines 32 to turn on
the switching devices 38, the data voltages on the data
lines 34 will charge the pixel electrodes 39 through the
switch devices 38, thereby twisting the liquid crystal
molecules. When the scan voltages on the scan lines 32
are removed to turn off the switching devices 38, the data
lines 34 and the pixels 36 will disconnect, and the pixel
electrodes 39 will remain charged. The scan lines 32 turn
the switching devices 38 on and off repeatedly so that the
pixel electrodes 39 can be repeatedly charged. Different
data voltages cause different twisting angles and show
different transmission rates. Hence, the LCD 30 displays
various images.

Please refer to Fig.5 showing a timing diagram of pixel
data values varying in accordance with frames. According
to the present invention, when driving any pixel 36 of the
LCD panel 30, the driving circuit 10 generates a plurality

of pixel data used for driving the pixel in sequence. As
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[0025]

shown in Fig.5, GN, GN(2), GN+1, GN+1(2), GN+2,
GN+2(2), GN+3, GN+3(2) are the pixel data generated in
frame periods N, N+1, N+2, N+3. The driving circuit 10
generates two pieces of pixel data for each pixel 36 in ev-
ery frame period. The driving circuit 10 drives the pixel to
reach gray levels in the frame periods N, N+1, N+2, N+3
according to the values of the pixel data GN - GN+2(2).
For instance, when the pixel data GN, GN(2) are gener-
ated, the source driver of the driving circuit 10 converts
the pixel data GN, GN(2) into two corresponding data im-
pulses and then applies them to the liquid crystal device
39 via the data line 32 in the frame period N in order to
control the transmission rate of the liquid crystal device
39. Similarly, data impulses corresponding to the pixel
data GN+1 - GN+3(2) are applied respectively to corre-
sponding pixel electrodes 39 every half a frame period.
Same as the prior art, the larger the value of the pixel data
is, the higher the voltage of the corresponding data im-
pulse is, and the larger the gray level value is.

Please refer to Fig.6 showing a timing diagram of the
transmission rate of the pixel 36 varying in accordance
with the frames. As described above, the driving circuit 10

generates two pieces of pixel data in each frame period,
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[0026]

and then the source driver 18 generates two correspond-
ing data impulses according to the two pieces of pixel
data and applies them to the pixel electrode 39 of the
corresponding pixel 36 in order to control the transmis-
sion rate and gray level of the pixel electrode 39. As
shown in Fig.6, the driving circuit 10 changes the trans-
mission rate of the pixel electrode 39 of a pixel 36 from
T1 to T2 in the frame period N+1. The pixel electrode 39
is applied with two data impulses corresponding to the
pixel data GN+1, GN+1(2) in the frame period N+1 at a
time interval of half a frame period. As shown in Fig.6, al-
though the transmission rate of the pixel electrode 39
cannot reach T2 in the first half period n+2 of the frame
period N+1, in the later half period n+3 of the frame pe-
riod N+1, the pixel electrode 39 is applied with another
data impulse, so that the transmission rate can reach T2
in the frame period N+1 as required. Therefore, blurring
will not occur.

In the present embodiment, the two pieces of pixel data
of each pixel in every frame period are generated by the
blur clear converter 14. Please refer to Fig.7 showing a
block diagram of the blur clear converter 14. The blur

clear converter 14 includes a multiplier 40, a processing
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[0027]

circuit 42, a first image memory 44, a second image
memory 46, a first memory controller 48, and a second
memory controller 50. The multiplier 40 is for doubling
the frequency of the control signal C to generate a multi-
plied signal C2. The first image memory 44 is controlled
by the first memory controller 48 to delay current pixel
data Gm for a frame period to generate delayed pixel data
Gm-1 according to the control signal C. The processing
circuit 42 generates a plurality of overdriven pixel data GN
according to the current pixel data Gm and the delayed
pixel data Gm-1. The second image memory 46 stores the
overdriven pixel data GN, and the second memory con-
troller 50 controls the second image memory 46 to output
two overdriven pixel data GN, GN(2) to each pixel 36
within a frame period according to the multiplied signal
C2 in order to have the source driver 18 apply two data
impulses to a specific pixel 36 within a frame period ac-
cording to the two overdriven pixel data GN, GN(2).

Please refer to Fig.8 showing a block diagram of the blur
clear converter 60 according to the second embodiment
of the present invention. The blur clear converter 60 func-
tions the same as the blur clear converter 14, which in-

cludes a multiplier 62, a first image memory 66, a second
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[0028]

image memory 68, a third image memory 70, a memory
controller 64, a processing circuit 74, and a comparing
circuit 72. The multiplier 62 is for doubling the frequency
of the control signal C to generate a multiplied signal C2.
The first image memory 66 is for receiving and temporar-
ily storing a plurality of pixel data G. The second image
memory 68 delays the plurality of pixel data G for a frame
period to generate delayed pixel data Gm-1. The third
image memory 70 delays the pixel data Gm-1 for a frame
period to generate delayed pixel data Gm-2. Thus the
pixel data Gm-2 lags the pixel data Gm-1 for a frame pe-
riod, and so does the pixel data Gm-1 with respect to the
pixel data Gm. The memory controller 64 controls the
second image memory 68 and the third image memory 70
to output two overdriven pixel data in each frame period
according to the multiplied signal C2. The processing cir-
cuit 74 generates two pieces of overdriven pixel data GN-
1, GN-1(2) for each pixel 36 in every frame period ac-
cording to the pixel data Gm-1, Gm-2. The comparing
circuit 72 compares the pixel data Gm-1 with the pixel
data Gm-2 to determine the values of the overdriven pixel
data GN-1, GN-1(2).

Please refer to Fig.9 showing a timing diagram of original
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[0029]

pixel data received by the blur clear converter 60 varying
in accordance with the frames, and Fig.10 showing a tim-
ing diagram of overdriven pixel data generated by the blur
clear converter 60 varying in accordance with the frames.
As shown in Fig.9, the original pixel data received by the
blur clear converter 60 in the frame periods N and N+1
are respectively Gm and Gm+1, with a difference Diff be-
tween each other. The blur clear converter 60 generates
the two overdriven pixel data GN+1, GN+1(2) with a dif-
ference AG between each other according to the original
pixel data Gm, Gm+1. The difference AG is determined by
the comparing circuit 72 in Fig.8 for driving the pixels 36
according to difference conditions. The difference AG is
determined according to the difference Diff between the
original pixel data Gm and Gm+1. For instance, when the
difference Diff is less than a specific value, the comparing
circuit 72 determines the difference AG as 0, that is
equating the overdriven pixel data GN+1 to the overdriven
pixel data GN+1(2). Or when the difference Diff is larger
than a specific value, the comparing circuit 72 modulates
the difference AG to drive the LCD panel 30 properly.

In contrast to the prior art, the present invention discloses

a driving circuit and relating driving method to generate
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two pieces of pixel data in each frame period for every
pixel on an LCD panel and then to generate two data im-
pulses according to the two pieces of pixel data and to
apply them to each pixel within a frame period in order to
change the transmission rate of a pixel electrode. Thus,
each of the pixels of the LCD panel is applied of a plurality
of data impulses within a frame period, so that liquid
crystal molecules of the pixels can twist to reach a prede-
termined gray level within a frame period, and blurring
will not occur.

[0030] Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method
may be made while retaining the teachings of the inven-
tion. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the ap-

pended claims.
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Claims

[c1]  1.A method for driving a liquid crystal display (LCD)
panel, the LCD panel comprising:
a plurality of scan lines;
a plurality of data lines; and
a plurality of pixels, each pixel being connected to a cor-
responding scan line and a corresponding data line, and
each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan
line, the corresponding data line, and the liquid crystal
device, and
the method comprising:
receiving continuously a plurality of frame data;
generating a plurality of data impulses for each pixel
within every frame period according to the frame data;
and
applying the data impulses to the liquid crystal device of
one of the pixels within one frame period via the data
line connected to the pixel in order to control a trans-
mission rate of the liquid crystal device of the pixel.

[c2] 2. The method of claim 1 further comprising:

delaying the frame data to generate a plurality of corre-
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sponding delayed frame data; and

comparing current frame data and corresponding de-
layed data to determine voltage values of the data im-
pulses when generating the data impulses.

[c3]  3.The method of claim 2 wherein the data impulses are a
first data impulse and a second data impulse applied to
the liquid crystal device of the pixel in sequence within
the frame period.

[c4] 4. The method of claim 3 further comprising:
determining a difference between the first data impulse
and the second data impulse according to the current
frame data and the corresponding delayed frame data.

[c5] 5. The method of claim 1 further comprising:
applying a scan line voltage to the switch device of the
pixel via the scan line connected to the pixel in order to
have the data impulses be applied to the liquid crystal
device of the pixel.

[c6] 6. The method of claim 1 wherein each frame data com-
prises a plurality of pixel data, and each pixel data cor-
responds to a pixel.

[c7] 7. A driving circuit for driving an LCD panel, the LCD
panel comprising:
a plurality of scan lines;
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a plurality of data lines; and

a plurality of pixels, each pixel being connected to a cor-
responding scan line and a corresponding data line, and
each pixel comprising a liquid crystal device and a
switching device connected to the corresponding scan
line, the corresponding data line, and the liquid crystal
device,

the driving circuit comprising:

a blur clear converter for receiving frame data every
frame period, each frame data comprising a plurality of
pixel data and each pixel data corresponding to a pixel,
the blur clear converter delaying current frame data to
generate delayed frame data and generating a plurality
of overdriven pixel data within every frame period for
each pixel;

a source driver for generating a plurality of data im-
pulses to each pixel according to the plurality of over-
driven pixel data generated by the blur clear converter
and applying the data impulses to the liquid crystal de-
vice of the pixel via the scan line connected to the pixel
within one frame period in order to control transmission
rate of the liquid crystal device; and

a gate driver for applying a scan line voltage to the
switch device of the pixel so that the data impulses can
be applied to the liquid crystal device of the pixel.
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[c8]

[c9]

8. The driving circuit of claim 7 wherein the blur clear
converter further comprises:

a multiplier for multiplying a frequency of a control sig-
nal to generate a multiplied signal;

a first image memory for delaying the pixel data for a
frame period;

a processing circuit for generating the plurality of over-
driven pixel data according to the pixel data and the
pixel data delayed by the first image memory;

a second image memory for storing the overdriven pixel
data;

a memory controller for controlling the second image
memory according to the multiplied signal to output the
plurality of overdriven pixel data to any pixel so that the
source driver generates the data impulses to each pixel
within one frame period according to the overdriven

pixel data output by the second image memory.

9. The driving circuit of claim 7 wherein the blur clear
converter further comprises:

a multiplier for multiplying a frequency of a control sig-
nal to generate a multiplied signal,

a first image memory for receiving and temporarily stor-
ing the pixel data;

a second image memory for delaying the pixel data
stored and output by the first image memory for a frame
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period;

a third image memory for delaying the pixel data stored
and output by the second image memory for a frame pe-
riod;

a memory controller for controlling the second image
memory and the third image memory according to the
multiplied signal;

a processing circuit for generating the plurality of over-
driven pixel data according to the pixel data delayed and
output by the second image memory and the third image
memory; and

a comparing circuit for comparing the pixel data delayed
by the second image memory with the pixel data delayed
by the third image memory in order to determine data
values of the overdriven pixel data generated by the pro-

cessing circuit.
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DRIVING CIRCUIT OF A LIQUID CRYSTAL
DISPLAY PANEL AND RELATED DRIVING
METHOD

Abstract

A method for driving a liquid crystal display (LCD) panel includes
receiving continuously a plurality of frame data, generating a plu-
rality of data impulses for each pixel every frame period according
to the frame data, and applying the data impulses to a liquid crys-
tal device of a pixel within a frame period via the data line con-
nected to the pixel in order to control a transmission rate of the

liquid crystal device.
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