a2 United States Patent

U8007499009B2

(10) Patent No.: US 7,499,009 B2

Kanbe et al. 45) Date of Patent: *Mar. 3, 2009
(54) ERASING DEVICE FOR LIQUID CRYSTAL (56) References Cited
DISPLAY IMAGE AND LIQUID CRYSTAL
DISPLAY DEVICE INCLUDING THE SAME U.S. PATENT DOCUMENTS
5,248,963 A 9/1993  Yasui et al.
(75) 1nventors: Makoto Kanbe, Tenri (JP); Yasuhisa . 53 13,28; A 5/1994 styl:ﬂeli ¢
Itoh, Tenri (JP); Shigeto Yoshida, Tenri
(IP); Hiroshi Yoneda, lkoma (JP)
Continued
(73) Assignee: Sharp Kabushiki Kaisha, Osaka (JP) ( )
FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 P 57-108892 /1982
U.S.C. 154(b) by 516 days.
This patent is subject to a terminal dis- (Continued)
claimer. Primary Examiner—Jimmy H Nguyen
(21) Appl. No.: 11/148.328 (74) Attorney, Agent, or Firm—Nixon & Vanderhye P.C.
.No.: ,
. 57 ABSTRACT
(22) Filed: Jun. 9, 2005 7
(65) Prior Publication Data An erasing device for a liquid crystal display image of the
US 2006/0007217 Al Jan. 12. 2006 present invention is furnished with an auxiliary power source
i e for continuously supplying power source to a liquid crystal
Related U.S. Application Data display panel for a certain period after the main power source
(62) Division of application No. 10/091,321, filed on Mar. of the main lj)ody of the liquid crystal display devige is t}lmed
6, 2002, now Pat. No. 6,940,479, which is a division of OFF. Upon input of a power source OFF signal directing to
application No. 09/671,125, filed on Sep. 28. 2000 turn OFF the main power source, a driving signal generating
now abandone(i which fs a (fi\fision of application No? circuit and a driver controller light up the liquid crystal dis-
08/974.496 ﬁléd on Nov. 19. 1997. now Pat. No play panel entirely on a saturation voltage of the liquid crystal
6.151 616. ’ T ’ T and subsequently shut off the same entirely using the power
T . L L. supply from the auxiliary power source. Consequently, it has
(30) Foreign Application Priority Data become possible to erase an afterimage quickly on an active
NOV. 26,1996 (JP) oo 8315309 ~ matrix liquid crystal display panel with a memory maintain-
Jul. 31,1997 (IP) oo 9-206840  ing function of a liquid crystal display device, thereby not
only upgrading the display quality, but also preventing dete-
(51) Int.CL rioration of the liquid crystal caused by an application of an
G09G 3/36 (2006.01) abnormal voltage associated with the occurrence of an after-
(52) US.Cl i, 345/87; 345/94 mage.
(58) Field of Classification Search ............ 345/87-104

See application file for complete search history.

6 Claims, 32 Drawing Sheets

POWER SOURCE

OFF SIGNAL

ON PERICD

MAIN POWER SOURCE l

AUXILIARY

PERICD DRIVEN L poymp coumer
OFF

BY AUXILIARY
PONER SOURCE

ON LEVEL ¢
VIDEO
SIGNAL
WAVEFORM

VIDEO
SIGNAL

ARBITRARY

1t
3r

OFF LEVEL

VERTICAL PERIOD

{4
1

VERTICAL PERIOD

ON LEVEL
LST SIGNAL J—]
OFF LEVEL H

it ls-_l
A %-f

DRIVING 3RD SIGNAL

SIGNAL 3
{TH SIGNAL

ND SIGNAL I
GATE B
—

I

48
=1 T el
!
'
At . it
i i

m'TH SIGNAL

Il
e ml

;_‘—-J
BLANKING PERIOD



US 7,499,009 B2

Page 2

U.S. PATENT DOCUMENTS Jp 62-331765 7/1989
5412397 A 5/1995 Kanatani et al P 170986/1989 71989
5,592,191 A 1/:1997 Tsuboyama et al. jg 82:323;22 13;133‘5‘

5,793,346 A 8/1998 Moon
6,151,016 A 11/2000 Kanbe et al. P 07-271335 10/1995
P 08-006518 1/1996
FOREIGN PATENT DOCUMENTS P 08-248393 9/1996
P 62-165630 7/1987 P 08-286647 11/1996
P 01-170986 7/1989 KR 96-8515 9/1996



US 7,499,009 B2

Sheet 1 of 32

Mar. 3, 2009

U.S. Patent

— J —l ........................... J m“
“ L T €1 31A30 LNdNT SMALS
; e e i
ANVd AV1dSIG Gl wastua | 4 Ix
VISR 010011 S A A wemonwen | U 21| wnwoaLac
_ /—I_—I mm>_m=v 2 _ _
- _ _ A
” e (NSRS R T L0U1D 11| uaindwooomaIk
-t i | ONLLVYINAD
| TDIS
NAALYG 30¥N0S e _ INTATHG
=TT _ , TVNDIS 440 B0HAOS WBNOd
i
. 1100810 b— 20400 HAMOD NO1L03S 0MLNOD 10405
5| owndiisia | V11T XAV FOUN0S YaMOd | | uamod NIVK
o1 “yNois oagl | !
Y g _ 5 5 ! 5
........................... e — —_— W Q .— m v ﬁ
2 - g
1T o1 4




US 7,499,009 B2

Sheet 2 of 32

Mar. 3, 2009

U.S. Patent

FIG.2

=] e
- [}
o~ R A
[ _
6/\/ _ ...... _
m 1% ifﬂ. irﬂ m
£ _ ! : roy o ! _
nm w ] " .ﬁr/fu m a ] m
85 o ' \\ o\ '
G —A] | e _
—] ) ' H
A HE~& {0 |
ol |
S PO I Y N [ [ TN o, .
<P H H |
«~ +1—3 l l _
L R -
4]. [ (\l}lu
o~ 7 UFATANA ALVD N
Lo
€\ 52
(oaN ]




US 7,499,009 B2

Sheet 3 of 32

Mar. 3, 2009

U.S. Patent

NOISSIWO

R T Tpp———

440
JUNOS YIMOd =
AIVITIXNYV

NOISSIWO
i f | i
| | T VNOTS L
Tw - w L
—{ = — —{ ¢ {f—
» . r¢r e | | _qu¢onw HLY  Sunors
_ _ 1_ TYNOIS QyE ONIATHd
|| ALYD
— = — it {1
TYNOIS dNZ
— f — 4 = HiH TIAZT 440
TYNOIS 1IS1
TIAHT NO
aoryidd aorydd doT1d3ad IvOI1LddA
TYOI1.1Y3A TYIILYIA
e - -4 THAFT 440
TIATT 440 TYNOLS
NOT
WHOJFAYM
TIATT NO OdadiIA
—( | AAvaL I gyv + 13A91T NO
dOyddd NIVLIAED | dOl¥ddd NIV.LIAFD
HAOUNOS AIMOd AMVITIXNV Ad aoryad No
NIATYA dO1dad IOUNOS HIMOd NIV
IYNOIS 4440 .
F0UNOS YAMOJ £ " OIdA



US 7,499,009 B2

Sheet 4 of 32

Mar. 3, 2009

U.S. Patent

TVNIIS d40
1 WNDIS dd0 e
2 208005 HAMOd '
| ] )
LINDAI) AR TIDUINDD
. A I g A R E T
TNV AV1dSI | waanma N\ 0TS Alvd N
VISAYD a1ndIT 1 Talvs 7
. o n M
~ b
_ T LINOAID
ONILVHANED
¥IAIY 2DUNOS TVNDIS
< INTATHG
9
1g
g L1nO¥12 hd
ONLLNATHISI |—{ L1ND¥1D ON1LYSNAdWOD
51 TVNDIS 08aIA 301S 4D4N0S
¥ ; 1 .87
g VNOIS dd0
42UN0S MDA
74 D S R |




U.S. Patent Mar. 3, 2009 Sheet 5 of 32 US 7,499,009 B2

FIG.5
33
POWER SOURCE
OFF SIGNAL
ON LEVEL SW1
— $——o OUTPUT

NORMAL VIDEO SIGNAL w2
OR OFF LEVEL




U.S. Patent Mar. 3, 2009 Sheet 6 of 32 US 7,499,009 B2

FIG.6

33
POWER SOURCE ga
OFF SIGNAL

GATE DRIVING SIGNAL

FOR_TURNING ON ALL SW3

GATE LINES FOR ONE

HORIZONTAL PERIOD | — {—— OUTPUT
NORMAL GATE w4
DRIVING SIGNAL




US 7,499,009 B2

Sheet 7 of 32

Mar. 3, 2009

U.S. Patent

ao1yidd ONIMNVI™

Jh

T

—

L

~dm

-

{ili)
5

ﬁkaT[LTI$

A

rﬁTI¢TL%
L

-
I

[I%]¢T

N
THAUT NO

TVNDIS HL.w

TYNDIS HLV
TVYNDIS Qe
TVNOIS dNZ

THAFT 440
TVNDIS IS1

440
dOUNOS YIMOd ~—
AGVITIXNOV

GoT8ad IvOT1daA

s |

aordad IvOIL¥dA

{{
LA

F03N0S ¥3amoOd
AYVITIXOV Ad
NIATYA AO0lyddd

NIOAIAVM
TVNDIS
0ddrIA
AUVILIgYY

1

aolyddd NO

q A0UN0S amOd NIV

TYNOIS H40
FOUNOS ¥aMOd

THAHT 440

- THAHT NO

E

TYNDIS
ONIATHd
d4LYD

TYNDIS
0ddIn

oId



US 7,499,009 B2

Sheet 8 of 32

Mar. 3, 2009

U.S. Patent

TVNOIS 440
30400S ¥am0d
I~ _
- L
1100412 43TI04IN0D
| oniLvSNdNDD YIALN
TANVd AV1dSIa aaniva - 401S 31vH
WLSKED aInd11 ) <
0¢ <
- ¥
1 T 1100812
ONILVHANGD
¥AAING 84NOS TYNDIS
3 ONIATNG
9
1¢- |
LIND¥ID
ONILATI¥LSIa
16— - o | TVNIIS 03alA
1g— : N FE:
1 7
TVNDIS 440
408005 ¥am0d

8 DI A




US 7,499,009 B2

Sheet 9 of 32

Mar. 3, 2009

U.S. Patent

'y
] AL
LINY1D 43 TIONINGD
N I I I I I I /L oniLvsNadRo) ¥AAIN0
e | wani N\ 201S aLvD
o B D S 1 T —
... . o 3
o5 [EIEIENEN RN | v
D — L LIN2¥ID
SS Ve IN1LVYANED
= s TNDIS
1 mt\ﬁ_”_ E E \ﬁu_ “_)L re INIAL G
2l qa
1e 1e LIN0¥1D
ONTLAGIHLS I
| VNDIS 03aiA
; N 5 PR
9 ¥AAI40 328005 g



US 7,499,009 B2

Sheet 10 of 32

Mar. 3, 2009

U.S. Patent

TVNDIS 440
04005 HaM0d
Ty |
] L
"~ ATIORING)
. AN 140
TANVd AVIdS10 1 wannwa A
VISAND 41011 1 "G
| cgo
T L1041
T T ONLLVINED
HAATY BOUNOS TVNOIS
< ONLATHG
9
, (1g) 1¢
q 1100419 2
ON1LAGTHIS1d LINDYTD ONILYSNAAWDD
5| TNIS 0dG1A 201S 304N0S
! : ) (.8).8°
g VNOIS 440
208008 HAMO0d
O 1 "©TI oI




US 7,499,009 B2

Sheet 11 of 32

Mar. 3, 2009

U.S. Patent

daoliydidd OSONIMNNVIY
—t—

f— r:u¢rﬁr_ i

L w s

4% _IL
(¢ g

(5 L Y -

f A .1r%¢r

TYNDIS HL,w

TYNOIS HLY
TYNDIS it
TVNOIS dN2Z

TIATT 440
TYNDIS AST

bt THAET NO
qo1ddd IVOILAd4A: |  Qolddd 1vDILidA
..................... |¢.
NWRIOHIAVMA
IYNOLS
440 F2UNOS AAMOd . Oadia
F0UNOS ¥AMOd AdVITIXOY wmu ao1dad NO

NIAIYA dOl¥ydd JO¥NOS ¥IMOd NIV

TYNDOIS J40
JOUNOS HIMOd

TdA3T 440

- TdAFT NO

TYNDIS
DNIATHA
JLYD

TYNDIS
OoddIAn

11014



US 7,499,009 B2

Sheet 12 of 32

Mar. 3, 2009

U.S. Patent

doIddd ONIMNVId

1]
___f( _ " L
W H 17
F*" Tﬁl_ TYNOIS HL.w
=
L T w
{f— A (e {1
m Pn TVNDIS HLY
—{f— REEE = 4
m IVNOIS Qg
—{§ miaratars s — =
m TYNOIS ANZ
{ ,¢Tﬁ:1ﬁ¢r‘ = - T1FAAT 440
m TYNOIS 1ST
i 13AHT NO
aoi1yad q<oHPmm>m aor1¥dad 1Ivolldda
.................... 4+ ---| TEAFT H40
NIOHSIAVM
TYNDIS
QAUIA
440 momwmemwwmm.fl. frm AAVaLIdav J 13A31 NO
FO¥NOS ¥IMOd AMVITIXNY wmu aoi1yddad NO
NIAIJYA do1d3d AOUNOS AAMOd NIV
TJYNDIS 440

JodNOS 3amOd

TYNDIS
DNIAT™A
dLVvD

TYNDIS
oddIAn

¢1°DI4d



US 7,499,009 B2

Sheet 13 of 32

Mar. 3, 2009

U.S. Patent

69

TYNDIS
INTZINOHIIONAS

434N0S

< LINOYID TOUINGD TVNOIS
I— VL 200400374 ONISOddO
G L~
I~ £ G £ L
1aNVd AV1dS1Q | q3ALNG
WiSAED ainbiT . IRA] m% AN
—2— LINOAID
AT ALY
) 5 ~
« o » e @ w v @
¥BAIYG 30HN0S 5 2L
26~ £ 3 17 6 G
29 L~ |
0L 69 0
onto o0 wu 2L
J WaALNC Do¥005 | L9° 424005 JAMOd 09
¥ g ) 3 o\ghn
89— 9g- L
TVNOIS 0301A
TVNIDIH0

€ I "OI dAd

4dM0d NIVR



US 7,499,009 B2

Sheet 14 of 32

Mar. 3, 2009

U.S. Patent

451Nd ONIOdNr LXIN TILNN
I1NJLINO d9OVLTIOA LNV.LSNOD V

TYNOIS TOULNOD
HOLIMS AVTHY

dassdyd ONIdd FTiHM 1Ndino

TIATT OVITOA LINVLSNOD V

V1 °OId

TYNDOIS ONIOAAf 440-NO

NO « 440




o
[2a)
N
4
<. i :
N ‘
A Kl ANOS i TVNODIS TOU.LNOD
NS TAM0d NIVR " HOLIMS AVNEY
7% ; m
- i H
" U HL,uw
w LI I |aue
o . 0
< “ L 1 aNg
- : L | ]1ST TVNDIS ONIAI¥A FLVD
= “ “
E | m
73 TVYNDIS O3dIA HLIM ONAS NI TVYNDIS da0oy.10d314
TYNOIS FAVM HVINONVLOHY ONISOddOo
2 m _
K TJYNDIS HAVM TYNOIS 0OddIA
S YVINONVY.LOFY "
* N . /
T H ! llJ
S ; 1 TYVNDIS 0ddIia
! ! AGVALI IV _
TVYNDIS ATdVYNH
aoiddd NIVLYdO NO1103.L19ad ON1SOddO/ALVO/3D8N0S
... THAHT-H
- TVYNDIS
J3SsSddd ©ON13d mq:.bs.&\/L ON15ANT H430./NO
TaAdT-H 1V SAVLS : .
440 — NO GT'DId

U.S. Patent



US 7,499,009 B2

Sheet 16 of 32

Mar. 3, 2009

U.S. Patent

NN N

91 " DId

TVNOIS
dd0d.L2dTd ONI1SOddO

TYNDIS OddIA

TVNOIS dT1dVNH
dLVO/dIUN0S

TVNDIS
DNIZ INOYHONAS
TV.LNOZ 1 ¥OH



US 7,499,009 B2

Sheet 17 of 32

Mar. 3, 2009

U.S. Patent

J40 d2dN0S
JIMOd NIVIN

u

CEE

L T LY TEupily [y REppRpa iy NP

P T L LT R A N L LR L L L L L T T e

o

TVNDIS OddIA

aorddd NIVLIYID

ddsSSddd ONIdd dTIHM

TIAFT-H LV SAVLS

TYNOIS TOJLNOD
HOLIMS AVYHEY

HL,w

ade
dnN?¢
LST TVNODIS ONIATYA HLVD

THAdT 440
TYNOIS OddIA

AAVILIGYY
A IYNODIS FT1GYNI
NOIIDALIAA | ONISOddO /ALY ADHN0S
- THAZT-H
. TYNOIS
—) ONIOANT J44O/NO
J40 ~— NO

LT OId



US 7,499,009 B2

N
™\

TYNOIS
HAOWLOITd ONISOddO

Sheet 18 of 32

TVYNOIS OIdIA

TVYNDIS HTdVNH
ONISOddO/dLVD/dUN0S

Mar. 3, 2009

U.S. Patent

] ‘ ‘ TYNDOIS
: : : __ ONIZINOYHONAS
| TVLNOZ T YOH

81 DId



U.S. Patent Mar. 3, 2009 Sheet 19 of 32 US 7,499,009 B2

FIG.19
;3
101 102 102 103
1011—\\/\ 1\ \/ : (
SP A | 104,
CK | i
1024 ! !
s o
N £023 é E J043
PN | e '35:_544
101, I &L
P I N TS
L ! ; >
101”1’\\_/ { E‘b—&:_
4 0’2m
ENABLE
PULSE g



US 7,499,009 B2

Sheet 20 of 32

Mar. 3, 2009

U.S. Patent

TYNOIS FAVM TVNOIS 0ddIA
¥YINONVLOTY AMVHLIEEY
—A ~r A ~
i 0 N H_

| U U

_ " ﬁATllHﬁlliTllﬁﬁ!iiTlﬂ%lll

1 1f|,:|,,|:|f£|

-

::L:%:A:L,rﬁﬂ

TVNOIS 0dIAIA

“y0T ALVO ¥O
WO¥d LNdLNO

dy01 IALVO U0
WO¥d LNdLNO

Tv0l 3LVD ¥O
WOYdd 1NdLO

4571Nd JTdVYNI

@Z0T YILJIHS TIHAFT
nWod4d 1Ndano
¢307T YALAIHS TIAAT
WO¥d LNd1LNO

1207 YHL4IHS TIAIT
nodd 1LNd.Lao



U.S. Patent Mar. 3, 2009 Sheet 21 of 32 US 7,499,009 B2

FIG. 21
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ERASING DEVICE FOR LIQUID CRYSTAL
DISPLAY IMAGE AND LIQUID CRYSTAL
DISPLAY DEVICE INCLUDING THE SAME

This application is a division of application Ser. No.
10/091,321, filed Mar. 6, 2002, now U.S. Pat. No. 6,940,479;
which is a division of application Ser. No. 09/671,125, filed
Sep. 28, 2000, now abandoned; and which is a division of
application Ser. No. 08/974,496, filed Nov. 19, 1997, now
U.S. Pat. No. 6,151,016, issued Nov. 21, 2000, the entirety of
each of these applications is incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to an erasing device for a
liquid crystal display image for erasing a display image on a
liquid crystal display panel furnished with a memory main-
taining function, such as an active matrix liquid crystal dis-
play panel, as soon as a power source of the main body of a
liquid crystal display device is turned OFF, and to a liquid
crystal display device including such an erasing device.

BACKGROUND OF THE INVENTION

Recently, an application of a liquid crystal display device to
equipment like a personal computer, a TV set, a word proces-
sor, a video camera, etc. has been advancing. On the other
hand, there has been an increasing demand for such equip-
ment with improved functions including downsizing, power
saving, cost reduction, etc. To meet such a demand, a reflec-
tive liquid crystal display device which displays an image by
reflecting incident light from the external with a reflector
instead of using a backlight has been developed as an alter-
native of a transmission liquid crystal display device which
displays an image using light emanated from the backlight.

Further, of all kinds of the reflective liquid crystal display
devices, the one adopting an active matrix liquid canasta
display pane whose pixels are driven by active elements, such
as TFTs (Thin Film Transistors), has been receiving more
attention than the one adopting a direct matrix liquid crystal
display panel, because an image can be displayed with a
better quality at a higher duty.

However, when the power source of the main body of the
liquid crystal display device equipped with the active matrix
liquid crystal display panel is turned OFF, an image that has
been displayed right before the power source is turned OFF
remains on the panel as an afterimage for awhile. The after-
image is caused by charges withheld in liquid crystal due to a
voltage withheld therein, an abnormal voltage generated by
the active elements when the power source is turned OFF, etc.
The afterimage degrades the image quality of this kind of
liquid crystal display device serving as a display machine.

The transmission liquid crystal display device can make
the afterimage almost unnoticeable by turning OFF the power
sources of the liquid crystal display device and backlight
concurrently, or bringing the liquid crystal display panel into
an applied-voltageless state after the power source of the
backlight is turned OFF. However, since the reflective liquid
crystal display device can not block the incident light, it is
impossible to make the afterimage less noticeable, thereby
showing a display error vividly.

Further, the charges withheld in the liquid crystal due to an
abnormal voltage not only degrade the display quality by the
afterimage, but also give adverse effects on the operation life
of the liquid crystal. In other words, the liquid crystal dete-
riorates, because, after the power source is turned OFF, the
liquid crystal withholds the charges for as long as a few
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seconds until its potential drops to a GND level through
natural discharge. In short, the liquid crystal deteriorates
when an abnormal voltage is applied.

Japanese Laid-open Patent Application No. 170986/1989
(Tokukaihei 1-170986) discloses a method of erasing the
afterimage, which is in effect an abnormal display occurred
when the power source is turned OFF. According to this
method, a power source maintaining circuit is provided to
keep supplying an operating power to the liquid crystal panel
fora predetermined period after the power source of the entire
device is turned OFF, so that the active elements can stay ON
for a certain period on a power supplier to a gate driver from
the power source maintaining circuit, whereby the charges
withheld in the liquid crystal display panel are discharged and
the afterimage can be erased. F1G. 31 shows driving wave-
forms of the signals used in this method.

Incidentally, when a color image is displayed on the active
matrix liquid crystal display panel, a voltage applied to the
liquid crystal is controlled in a multi-level ranging from a
threshold voltage to a saturation voltage. Here, the voltage
applied to the liquid crystal and a response rate of the liquid
crystal have a relation as illustrate in F1GS. 32(a) and 32(5).
F1G. 32(a) shows a graph illustrating a relation between the
number of levels and response rate in case of an 8-level
display, and F1G. 32(b) shows a graph illustrating a relation
among the number of levels, voltage, and transmittance. In
F1G. 32(a), for example, “1-8” on the horizontal axis repre-
sents the level and means that the voltage is varied from the
level 1 through level 8, where the level 8 represents a black
display.

As can be understood from F1G. 32(a), the response rate of
the liquid crystal varies with a level interval, and the response
rate is slow particularly between the levels around the thresh-
old voltage. This is because, when a voltage around the
threshold voltage is applied to the liquid crystal, the distortion
of the liquid crystal is so minor that only a small amount of
energy is required to restore the liquid crystal.

Therefore, an amount of restoring energy is small in case
there remains a half-tone afterimage around the threshold
voltage when the power source of the liquid crystal display
device is turned OFF. If such an afterimage is erased by the
method disclosed in aforementioned Japanese Laid-open
Patent Application No. 170986 (Tokukaihei 1-170986), that
is, by releasing the charges withheld in the liquid crystal by
maintaining the gate at an active level for a certain period after
the power source is turned OFF, it takes a long time to release
all the charges, thereby making it impossible to erase the
afterimage quickly.

Moreover, merely maintaining the output of the gate driver
at the active level does not reduce the potential of the liquid
crystal panel to zero completely because of the operating
conditions of the source driver, or the conditions of a voltage
supplied to the liquid crystal from an opposing electrode in
the liquid crystal display panel. Thus, in practice, a residual
voltage is applied to the liquid crystal, and the above method
presumably cannot attain a desired afterimage erasing effect.

1f the transmission liquid crystal display device adopts the
above erasing method, still the afterimage appears after the
power source is turned OFF; although the afterimage appears
slightly for a short period, it is enough to degrade the image
quality. Also, if it takes a long time to erase the afterimage, an
abnormal voltage is applied to the liquid crystal due to the
charges withheld therein even for a short period, and as a
consequence, the liquid crystal deteriorates.

Further, the state of the reflective liquid crystal display
device after the power source is turned OFF, and the state of
the transmission liquid crystal display device with its back-
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light always kept turned ON are the same, meaning that the
afterimage is more vivid in the reflective liquid crystal display
device than in the transmission type. Thus, the liquid crystal
deteriorates more or less the same extent in both the reflective
and transmission liquid crystal display devices, but the dis-
play quality is deteriorated far worse in the reflective liquid
crystal display device than in the transmission type.

SUMMARY OF THE INVENTION

Tt is therefore an object of the present invention to provide
an erasing device for a liquid crystal display image which can
erase an afterimage quickly while suppressing the deteriora-
tion of the liquid crystal, and to provide a liquid crystal
displace device including such an erasing device.

To fulfill the above object, an erasing device for a liquid
crystal display image of the present invention, provided in a
liquid crystal device having a liquid crystal display panel
whose pixels are driven by active elements, for erasing a
display image on the liquid crystal display panel when a
power source of a main body of the liquid crystal display
device is turned OFF, is furnished with:

a power source OFF detecting section for detecting an OFF
signal that turns OFF the power source of the main body of the
liquid crystal display device;

a panel power maintaining section for supplying power to
the liquid crystal display panel for a certain period when the
power source OFF detecting section detects the OFF signal,
and

an erasing section for, when the power source OFF detect-
ing section detects the OFF signal, lighting up the liquid
crystal display panel entirely on a saturation voltage of liquid
crystal using the power supplied by the panel cower main-
taining section and subsequently shutting off the liquid crys-
tal display panel entirely.

Examples of the OFF signal that turns OFF the power
source of the main body of the liquid crystal display device,
which is detected by the detecting section, include an input
command from the user to turn OFF the power source of the
main body ofthe liquid crystal display device and a secondary
signal generated in the liquid crystal display device from the
input command. The power source OFF detecting section
may detect that the power source of the main body of the
liquid crystal display device will go OFF by monitoring a
power source voltage of the liquid crystal display device and
obtaining a change in the power source voltage caused by the
turning OFF of the power source.

Thus, the OFF signal that turns OFF the power source of
the main body of the liquid crystal display device can be a
signal based on a command to turn OFF the liquid crystal
display device or a signal indicating the disconnection of the
power source for some reason. Upon detection of the OFF
signal, the power source OFF detecting section conveys the
detection result to both the panel power maintaining section
and erasing section. Accordingly, the panel power maintain-
ing section supplies power to the liquid crystal display panel
for a certain period, so that the liquid crystal display panel can
keep displaying an image after the power source of the main
body of the liquid crystal display device is turned OFF. Con-
sequently, it has become possible to drive the liquid crystal
display panel after the power source of the main body of the
liquid crystal display device is turned OFF.

Also, when the power source OFF detecting section detects
the OFF signal, the erasing section lights up the liquid crystal
display panel entirely on the saturation voltage of the liquid

10

15

20

25

30

35

40

45

50

55

60

65

4

crystal, and subsequently shuts off the liquid crystal display
panel entirely using the power supplied from the panel power
maintaining section.

Accordingly, even if a half-tone image is displayed on the
liquid crystal display panel before the power source of the
main body of the liquid crystal display device is turned OFF
and an amount of the restoring energy of the liquid crystal is
small because the distortion is minor, the saturation voltage is
applied to the liquid crystal of the liquid crystal display panel
to increase an amount of the restoring energy to a satisfactory
level. Thus, when the liquid crystal display panel is shut off
entirely after being lit up entirely, the liquid crystal is turned
OFF quickly. In other words, an afterimage on the liquid
crystal display panel can be erased quickly.

In this case, an afterimage can be erased faster if the liquid
crystal display panel is arranged to apply a voltage which
turns OFF the liquid crystal to the liquid crystal when lighting
up and subsequently shutting off the liquid crystal display
panel entirely.

As shown in FIGS. 32(a) and 32(b), for example, when the
power source of the main body is turned OFF while the liquid
crystal display panel was displaying an image at the level 6, it
used to take 320 msec for the liquid crystal display panel to
return to the display state of the level 8. However, if the
saturation voltage is applied to the liquid crystal display panel
to make the display state to the level 1 first like in the erasing
device for a liquid crystal display image of the present inven-
tion, it takes only 70 msec to erase an afterimage.

If the TFTs (Thin Film Transistors) are used as the active
elements, liquid crystal with high maintaining ability is
required, and in general, liquid crystal with high specific
resistance (1x10'*Q-cm) is used. It takes a long time for the
liquid crystal with high specific resistance to discharge the
charges, and it is more difficult to erase an afterimage. How-
ever, applying the saturation voltage before applying a volt-
age which turns OFF the liquid crystal in the above manner is
very effective in such a case.

Ifan afterimage on the liquid crystal display panel is erased
quickly, the charges withheld in the liquid crystal are dis-
charged ina short time, thereby making it possible to suppress
the deterioration of the liquid crystal due to an abnormal
voltage.

For a fuller understanding of the nature and advantages of
the invention, reference should be made to the ensuing
detailed description taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with a first
embodiment of the present invention;

FIG. 2 is a view explaining an equivalent circuit of a liquid
crystal panel of the liquid crystal display device of FIG. 1;

FIG. 3 is a view explaining waveforms of driving signals
applied to the liquid crystal display panel when the main
power source of the liquid crystal display device of FIG. 11s
turned OFF;

FIG. 4 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with a second
embodiment of the present invention;

FIG. 5 is a view explaining a circuit diagram of a source
side compensating circuit in the liquid crystal display device
of FIG. 4,

FIG. 6 is a view explaining a circuit diagram of a gate side
compensating circuit in the liquid crystal display device of
FIG. 4;
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FIG. 7 is a view explaining waveforms of driving signals
applied to a liquid crystal display panel when the main power
source of the liquid crystal display device of FIG. 4 is turned
OFF,;

FIG. 8isablock diagram depicting another arrangement of
the liquid crystal display device in accordance with the sec-
ond embodiment of the present invention;

FIG. 9 is a block diagram depicting still another arrange-
ment of the liquid crystal display device in accordance with
the second embodiment of the present invention;

FIG. 10 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with third and
fourth embodiments of the present invention;

FIG. 11 is a view explaining waveforms of driving signals
applied to a liquid crystal display panel when the main power
source of the liquid crystal display device of the third embodi-
ment is turned OFF;

FIG. 12 is a view explaining waveforms of driving signals
applied to a liquid crystal display panel when the main power
source of the liquid crystal display device of the third embodi-
ment is turned OFF;

FIG. 13 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with a fifth
embodiment of the present invention;

FIG. 14 is a view explaining waveforms of an ON/OFF
judging signal and a relay switch control signal outputted
when the liquid crystal display device of FIG. 13 is switched
ON from OFF;

FIG. 15 is a view explaining a waveform of a signal out-
putted when the liquid crystal display device of FIG. 13 is
switched OFF from ON;

FIG. 16 is a view explaining a video signal and an opposing
electrode signal of FIG. 15 in detail;

FIG. 17 is a view explaining waveforms of signals output-
ted when a liquid crystal display device of the fifth embodi-
ment of the present invention arranged in another manner is
switched OFF from ON;

FIG. 18 is a view explaining waveforms of signals output-
ted when a liquid crystal display device of the fifth embodi-
ment of the present invention arranged in still another manner
1s switched OFF from ON;

FIG. 19 is a view explaining an example arrangement of a
gate driver in the liquid crystal display device of FIG. 13;

FIG. 20 is a view explaining signal waveforms of outputs
from a major portion of the gate driver of FIG. 19;

FIG. 21 is a view explaining another example arrangement
of the gate driver in the liquid crystal display device of FIG.
13;

FIG. 22 is a view explaining signal waveforms of outputs
from a major portion of the gate driver of FIG. 21;

FIG. 23 is a view explaining an example circuit diagram of
a video signal processing section in a source driver control
circuit in the liquid crystal display device of FIG. 13;

FIG. 24 is a view explaining waveforms of outputs from the
video signal processing section of FIG. 23;

FIG. 25 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with a sixth
embodiment of the present invention;

FIG. 26 is a view explaining signal waveforms of outputs
from a major portion of the liquid crystal display device of
FIG. 25 when being switched OFF from ON;

FIG. 27 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with a seventh
embodiment of the present invention;

FIG. 28 is a view explaining signal waveforms of outputs
from a major portion of the liquid crystal display device of
FIG. 27 when being switched OFF from ON;
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FIG. 29 is a view explaining an example gate driver control
circuit in the liquid crystal display device of FIG. 27,

FIG. 30 is a view explaining signal waveforms in the gate
driver control circuit of FIG. 29;

FIG. 31 is a view explaining waveforms of driving signals
applied to aliquid crystal display panel when the main power
of a conventional liquid crystal display device is turned OFF;

FIG. 32(a) is a graph showing a relation between a level
interval and a response rate of liquid crystal; and

FIG. 32(b)is a graph showing a relation between the trans-
mittance and the number of levels/applied voltage.

DESCRIPTION OF THE EMBODIMENT
First Embodiment

The following description will describe a first embodiment
of the present invention.

FIG. 1 is a block diagram depicting an arrangement of a
liquid crystal display device id accordance with the present
embodiment (hereinafter, referred to as the present liquid
crystal display device). As shown in the drawing, the present
liquid crystal display device includes a liquid crystal display
panel 1, a source driving section 2, a gate driving section 3, a
driving signal generating circuit 8, a power source control
section 9, an auxiliary power source 10, a microcomputer 11,
a detector 12, a stylus input device 13, and a main power
source 14.

The liquid crystal display panel 1 comprises a pair of glass
substrates laminated to each other, and GH (Guest-Host)
liquid crystal sandwiched by the substrates. The liquid crystal
display panel 1 further comprises a reflector, and serves as a
reflective liquid crystal display panel which displays an
image using incident light from the external. FIG. 2 is a view
explaining an equivalent circuit of the liquid crystal display
panel 1. As shown in the drawing, a plurality of pixels 22
made of liquid crystal are aligned in a matrix of m rows and n
columns on the liquid crystal display panel 1. Each pixel 22
includes a display electrode 22a and an opposing electrode
22b opposing the display electrode 22a. The display electrode
22a is connected to the drain of a TFT 23 serving as an active
element. The source and gate of each TFT 23 are respectively
connected to source lines 24 and gate lines 25 which intersect
at right angles.

A voltage applied to the liquid crystal forming each pixel
22 has a voltage value corresponding to a video signal which
will be described below. An arbitrary voltage in a range
between an ON-level (the saturation voltage of the liquid
crystal) and an OFF-level (below the threshold voltage at
which the liquid crystal goes OFF) is applied to the liquid
crystal.

As shown in FIG. 1, the source driving section 2 comprises
a video signal distributing circuit 5, a driver controller 4, and
a source driver 6. The source driving section 2 receives a
composite video signal made of multi-color video signals
from the driving signal generating circuit 8 which will be
described below. Then, the video signal distributing circuit 5
serving as video signal distributing means distributes the
composite signal into RGB mono-color video signals, which
are outputted concurrently to n source lines 24 (24,-24 ) on
the liquid crystal display panel 1 in sync with a horizontal
synchronizing signal inputted into the source driver 6 from
the driver controller 4 (see FIG. 2). In this manner, the mono-
color video signals are outputted for every horizontal period
to display the pixels 22 for one line on the liquid crystal
display panel 1.
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As shown in FIG. 1, the gate driving section 3 comprises
the driver controller 4 and a gate driver 7. The gate driving
section 3 drives m gate lines 25 (25,-25,,) on the liquid crystal
display panel 1 sequentially at a high level for one horizontal
period, so that the TFTs 23 on the first through m’th lines are
sequentially turned ON per line, whereby a gate driving sig-
nal is applied to the corresponding pixel 22.

The driver controller 4 is a circuit for generating horizontal
and vertical synchronizing signals based on the composite
video signal inputted from the driving signal generating cir-
cuit 8 which will be described below. The horizontal and
vertical synchronizing signals are synchronizing signals to
drive the source driver 6 and gate driver 7 in sync with each
other. The driver controller 4 includes an unillustrated shift
register and also serves as a circuit for generating the gate
driving signal. The shift register in the driver controller 4
receives the vertical synchronizing signal at the data terminal
in the first stage as a start signal, and upon input of the
horizontal synchronizing signal at the clock terminal in each
stage, the shift register outputs a pulse, which is in effect the
start signal (vertical synchronizing signal) delayed sequen-
tially by one horizontal period, to the gate driver 7 from the
output terminal of each stage. The above description relates to
a normal gate driving signal. The gate driver 7 converts the
level of the input pulse, and outputs the resulting pulse to the
gate lines 25,-25, on the liquid crystal display panel 1 (see
FIG. 2).

The driving signal generating circuit 8 sends an arbitrary
composite video signal stored in an unillustrated memory or
the like to the video signal distributing circuit 5 and driver
controller 4 in a normal operation. The driving signal gener-
ating circuit 8 is furnished with another function. More spe-
cifically, upon input of a power source OFF signal, which will
be described below, the driving signal generating circuit 8
outputs a composite video signal which applies the saturation
voltage of the liquid crystal to light up the liquid crystal
display panel 1 entirely for at least one vertical period. Later,
the driving signal generating circuit 8 outputs another com-
posite video signal which shuts off the liquid crystal display
panel 1 entirely. In other words, the driving signal generating
circuit 8, driver controller 4, source driver 6, and gate driver 7
are furnished with a function to serve as erasing means of the
present invention.

The source power control section 9 drives the liquid crystal
display panel 1 by controlling the supply of the power from
the main power source 14 of the main body of the present
liquid crystal display device. In FIG. 1, a power supply bus
line from the main power source 14 is connected to the driving
signal generating circuit 8 alone. However, in practice, unil-
lustrated bus lines are also connected to driving mechanism of
the liquid crystal display panel 1, such as the source driving
section 2 and gate driving section 3, to supply the power.

The microcomputer 11 is a control center for controlling
each section of the main body of the present liquid crystal
display device. Also, when the user inputs a command using
the stylus input device 13, the detector 12 detects a command
content based on a relation with respect to the coordinate
position, and outputs the same to the microcomputer 11.
Thus, if the user inputs a command to turn OFF the main
power source 14 of the main body of the present liquid crystal
display device through the stylus input device 13 and the
detector 12 inputs the command content to the microcom-
puter 11, the microcomputer 11 outputs the power source
OFF signal to the main power source 14, auxiliary power
source 10, and driving signal generating circuit 8. In short, the
microcomputer 11, detector 12, and stylus input device 13
constitute power source OFF detecting means, and the micro-
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computer 11 are also furnished with a function to serve as
power source OFF signal generating means.

The auxiliary power source 10 is provided on the power
supply bus line from the main power source 14 to the liquid
crystal display panel 1, and furnished with a function to serve
as panel power maintaining means. Upon input of the power
source OFF signal from the microcomputer 11, the auxiliary
power source 10 starts to supply an operation power to the
driving signal generating circuit 8, source driving section 2,
gate driving section 3, etc. to drive the liquid crystal display
panel 1.

Next, an operation of the present liquid crystal display
device arranged as above when the user inputs a command to
turn OFF the main power source 14 will be explained with
reference to FIG. 3. FIG. 3 is a view explaining waveforms of
driving signals applied to the liquid crystal display panel 1
when the main power source 14 is turned OFF.

To begin with, when the user inputs a command to turn
OFF the main power source 14 of the present liquid crystal
display device through the stylus input device 13, the detector
12 detects the command content and notifies the microcom-
puter 11 of the same. Accordingly, the microcomputer 11
outputs a power source OFF signal directing to turn OFF the
main power source 14 to the main power source 14, auxiliary
power source 10, and driving signal generating circuit 8.

The main power source 14 goes off upon input of the power
source OFF signal, whereupon the power supply to the liquid
crystal display panel 1 through the power source control
section 9 is shut off. On the other hand, the auxiliary power
source 10 comes ON upon input of the power source OFF
signal, and starts to supply the power for driving the liquid
crystal display panel 1 for a certain period instead of the main
power source 14.

Also, upon input of the power source OFF signal, the
driving signal generating circuit 8 generates a composite
video signal which lights up the liquid crystal display panel 1
entirely for a certain period not shorter than one vertical
period on the saturation voltage of the liquid crystal, and
outputs the same to the source driving section 2 and gate
driving section 3. Here, the driving signal generating circuit 8
is driven on the power supply from the auxiliary power source
10. One vertical period referred herein means a period
required for one vertical scan on the liquid crystal display
panel 1.

As shown in FIG. 3, along with the operation of the driving
signal generating circuit 8, the liquid crystal display panel 1
receives a gate driving signal that sequentially turns ON the
gate lines 25,-25, formed thereon from the gate driving sec-
tion 3, while receiving an ON-level waveform that is applied
to the source lines 24,-24, formed thereon from the source
driving section 2 in sync with the gate driving signal, whereby
the liquid crystal display panel 1 is kept lit up entirely for at
least one vertical period.

Further, the driving signal generating circuit 8 generates
another composite video signal which shuts off the liquid
crystal display panel 1 entirely for a certain period not shorter
than one vertical period after the above certain light-up period
has passed, and outputs the same to both the source driving
section 2 and gate driving section 3. Thus, as shown in FIG. 3,
the gate driving section 3 inputs the gate driving signal which
sequentially turns ON the gate lines 25,-25,, to the liquid
crystal display panel 1, while the source driving section 2
applies an OFF-level waveform to the source lines 24,-24, in
sync with the gate driving signal, whereby the liquid crystal
display panel 1 is kept shut off for at least one vertical period.
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Subsequently, the auxiliary power source 10 goes OFF, and
the present liquid crystal display device including the liquid
crystal display panel 1 stops to operate.

As has been explained, after the main power source 14 of
the present liquid crystal display device is turned OFF, the
liquid crystal panel 1 is lit up entirely on the saturation voltage
of the liquid crystal and subsequently shut off entirely by the
power supply from the auxiliary power source 10.

Thus, even if the restoring energy is small because a half-
tone image has been displayed on the liquid crystal display
panel 1 and the distortion of the liquid crystal is minor, or the
restoring energy is smaller because the GH liquid crystal
having a slow response rate is used under the above condition,
the saturation voltage is applied to all the pixels 22 on the
liquid crystal display panel 1 to increase the liquid crystal
restoring energy to a satisfactory level when the power supply
stops, thereby making it possible to erase the afterimage
quickly by shutting off the liquid crystal display panel 1
entirely after the restoration. Also, since the charges withheld
in the liquid crystal can be discharged in a short period, it has
become possible to prevent deterioration of the liquid crystal
due to an abnormal voltage.

Consequently, although the present liquid crystal display
device is a reflective type, it can attain a far more improved
display quality compared with the display quality attained by
a conventional erasing method.

Second Embodiment

The following description will describe a second embodi-
ment of the present invention. Hereinafter, like components
are labeled with like reference numerals with respect to the
first embodiment, and the description of these components is
not repeated for the explanation’s convenience.

FIG. 4 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with the present
embodiment (hereinafter, referred to as the present liquid
crystal display device). As shown in the drawing, the present
liquid crystal display device includes a source side compen-
sating circuit 31 between a driving signal generating circuit 8'
and the video signal distributing circuit 5, and a gate side
compensating circuit 30 between a driver controller 4' and the
gate driver 7.

The driving signal generating circuit 8' outputs an ON-
level composite video signal which lights up the liquid crystal
display panel 1 entirely on the saturation voltage of the liquid
crystal, and an OFF-level composite video signal which shuts
off the liquid crystal display panel 1 entirely through their
respective unillustrated bus lines, and the source side com-
pensating circuit 31 controls the switching between the two
outputs for the input to the liquid crystal display panel 1
(herein, the input to the video signal distributing circuit 5).

FIG. 5 is acircuit diagram of the source side compensating
circuit 31. The source side compensating circuit 31 receives
the ON-level composite video signal generated by the driving
signal generating circuit 8' at the input side of a switch SW1
when the main power source 14 of the present liquid crystal
display device is turned OFF.

The source side compensating circuit 31 also receives an
arbitrary video signal from the driving signal generating cir-
cuit 8' in a normal operation, and the OFF-level composite
video signal at the input side of a switch SW2 when the main
power source 14 is turned OFF.

The switches SW1 and SW2 come ON upon input of an
L-level (Low-level) voltage signal as a switching control
signal, and output the input composite video signal. In a
normal operation, the L-level voltage signal is inputted to the
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switch SW2, while an H-level (High-level) voltage signal is
inputted to the switch SW1 through an inverter 33 as the
switching control signals. Thus, the source side compensat-
ing circuit 31 outputs the normal composite video signal.

When the user inputs a command to turn OFF the main
power source 14, the microcomputer 11 outputs a pulse of the
power source OFF signal to the source side compensating
circuit 31 for a certain period. The power source OFF signal,
which serves as the switching control signal with an H-level
voltage, is inputted to the switch SW2, whereupon the switch
SW2 goes OFF in pulse. At the same time, the L-level voltage
signal is inputted to the switch SW1 as the switching control
signal through the inverter 33, whereupon the switch SW1
comes ON in pulse. Consequently, the source side compen-
sating circuit 31 outputs the ON-level composite video signal.

The microcomputer 11 outputs the pulse of the power
source OFF signal for a period nearly as long as a blanking
period, namely, a vertical retrace line period, during which
the writing of a normal video signal shorter than one vertical
period is inhibited. Accordingly, the source side compensat-
ing circuit 31 outputs the ON-level composite video signal
which lights up the liquid crystal display panel 1 entirely on
the saturation voltage of the liquid crystal.

On the other hand, the driver controller 4' outputs the
normal gate driving signal that sequentially turns ON the m
gate lines 25,-25, on the liquid crystal display panel 1 for
every horizontal period, and another kind of gate driving
signal that turns ON all the m gate lines 25,-25  within the
blanking period through their respective unillustrated bus
lines. The gate side compensating circuit 30 controls the
switching of the gate driving signals of both kinds for the
input to the liquid crystal display panel 1 (herein, the input to
the gate driver 7).

FIG. 6 is a view explaininga circuit diagram of the gate side
compensating circuit 30. As shown in the drawing, the gate
side compensating circuit 30 receives the gate driving signal
which turns ON all the gate lines 25,-25,, from the driver
controller 4' at the input side of a switch SW3 when the main
power source 14 is turned OFF. The gate side compensating
circuit 30 also receives the normal gate driving signal at the
input side of a switch SW4.

Like the switches SW1 and SW2 1n the source side com-
pensating circuit 31 described above, the switches SW3 and
SW4 come ON upon input of the L-level voltage signal as the
switching control signal. In a normal operation, the L-level
voltage signal is inputted to the switch SW4, while the
H-level voltage signal is inputted to the switch SW3 through
the inverter 33 as the switching control signals. Thus, the gate
side compensating circuit 30 outputs the normal gate driving
signal.

When the user inputs a command to turn OFF the main
power source 14, the microcomputer 11 outputs a pulse of the
power source OFF signal to the gate side compensating cir-
cuit 30 for a certain period. The power source OFF signal,
which serves as the switching control signal with an H-level
voltage, is inputted to the switch SW4, whereupon the switch
SW4 goes OFF in pulse. At the same time, the L-level voltage
signal is inputted to the switch SW3 as the switching control
signal through the inverter 33, whereupon the switch SW3
comes ON in pulse. Consequently, the gate side compensat-
ing circuit 30 outputs the gate driving signal which turns ON
the gate lines on the liquid crystal display panel 1. Although
it is not illustrated in FIG. 4, the gate side compensating
circuit 30 is provided for each of the gate lines 25,-25_, so
that all the gate lines 25,-25,, on the liquid crystal display
panel 1 are turned ON concurrently by the gate side compen-
sating circuits 30.
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FIG. 7 shows waveforms of the driving signals applied to
the liquid crystal panel 1 after a command to turn OFF the
main power source 14 of the present liquid crystal display
device arranged as above is issued. As shown in the drawing,
upon issuance of the command to turn OFF the main cower
source 14 of the present liquid crystal display device, the
liquid crystal display panel 1 is lit up entirely during the
blanking period within the vertical period. This makes it
possible to light up and shut off the liquid crystal display
panel 1 entirely within one vertical period, thereby erasing an
afterimage faster than the counterpart in the firstembodiment.
Also, the deterioration of the liquid crystal due to the appli-
cation of an abnormal voltage can be suppressed more effec-
tively.

In the present liquid crystal display device, the driving
signal generating circuit 8', source side compensating circuit
31, driver controller 4', gate side compensating circuit 30,
source driver 6, and gate driver 7 constitute erasing means of
the present invention having source side compensating means
and gate side compensating means.

Incidentally, the present liquid crystal display device
which lights up the liquid crystal display panel 1 entirely
using the blanking period can be modified as shown FIGS. 8
and 9.

In aliquid crystal display device of FIG. 8, the source side
compensating circuit 31 is provided at the output side of the
video signal distributing circuit 5, that is, somewhere between
the video signal distributing circuit 5 and source driver 6.
When arranged in this manner, the composite video signal
from the driving signal generating circuit 8' is inputted to the
video signal distributing circuit 5 and distributed as mono-
color RGB video signals before being inputted to the source
side compensating circuit 31. Thus, the source side compen-
sating circuit 31 must be provided to each of the RGB source
lines.

In aliquid crystal display device of FIG. 9, the source side
compensating circuit 31 is provided in the source driver 6'
which receives a plurality of mono-color video signals for
forming a color or monochrome image. Thus, as many source
side compensating circuits 31 as the number of the source
lines 24,-24, must be provided in this case.

Although the waveforms of the driving voltages for the
liquid crystal display panel 1 of the liquid crystal display
devices of FIGS. 8 and 9 are same as those shown in FIG. 7,
the most preferred is the liquid crystal display panel of FIG. 4
because of the simple arrangement.

Third Embodiment

The following description will describe a third embodi-
ment of the present invention, Hereinafter, like components
are labeled with like reference numerals with respect to the
above embodiments, and the description of these components
1s not repeated for the explanation’s convenience.

FIG. 10 is a block diagram depicting a liquid crystal dis-
play device in accordance with the present embodiment
(hereinafter, referred to as the present liquid crystal display
device). As shown in the drawing, the source side compen-
sating circuit 31 is provided between the driving signal gen-
erating circuit 8' and video signal distributing circuit 5. Also,
a driver controller 35 provided herein latches and withholds
the vertical synchronizing signals, and upon input of the
power source OFF signal, the driver controller 35 extends all
the withheld vertical synchronizing signals concurrently for a
certain period and outputs the resulting signals.

In the present liquid crystal display device arranged as
above, waveforms of the driving signals applied to the liquid
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crystal display panel 1 after a command to turn OFF the main
power source 14 is issued is illustrated in FIG. 11. As shown
in the drawing, the gate driving signal which stays ON over
the blanking period within the vertical period is outputted to
all the gate lines 25,-25_ on the liquid crystal display panel
concurrently. Thus, the present liquid crystal display device
can erase an afterimage faster than the counterpart in the
second embodiment, and accordingly, the deterioration of the
liquid crystal due to the application of an abnormal voltage
can be suppressed more effectively.

Fourth Embodiment

The following description will describe a fourth embodi-
ment of the present invention. Hereinafter, like components
are labeled with like reference numerals with respect to the
above embodiments, and the description of these components
is not repeated for the explanation’s convenience.

As shown in FIG. 10, a liquid crystal display device in
accordance with the present embodiment (hereinafter,
referred to as the present liquid crystal display device)
includes a source side compensating circuit 31' between a
driving signal generating circuit 8" and the video signal dis-
tributing circuit 5. Also, the driver controller 35 of the present
liquid crystal display device latches and withholds vertical
synchronizing signals, and upon input of the power source
OFF signal, extends all the withheld vertical synchronizing
signals for a predetermined period and outputs the resulting
signals.

The driving signal generating circuit 8" outputs a compos-
ite video signal that shifts from ON-level at which the liquid
crystal display panel 1 is lit up entirely on the saturation
voltage of the liquid crystal to OFF-level at which the liquid
crystal display panel 1 is shut off entirely in a blanking period
within one vertical period. The source side compensating
circuit 31' controls the switching between the outputs of both
kinds, namely, the composite video signal having both ON-
and OFF-levels and the normal video signal, for the input to
the liquid crystal display device 1 (herein, the input is the
video signal distributing circuit 5).

Thus, although the source side compensating circuit 31'is
arranged in the same manner as its counterpart of FIG. 5, the
source side compensating circuit 31' receives the composite
video signal having both ON- and OFF-levels at the switch
SW1 and the normal composite video signal at the switch
Sw2.

FIG. 12 is a view explaining waveforms of the driving
signals applied to the liquid crystal display panel 1 when a
command to turn OFF the main power source 14 of the
presentliquid crystal display device is issued. As shown in the
drawing, in the present liquid crystal display device, the gate
driving signal is outputted to all the gate lines 25,-25,, or the
liquid crystal display panel 1 concurrently in the blanking
period within the vertical period, during which the video
signal is turned ON and OFF successively. For example,
during a period from when the gate driving signal rises up
until the auxiliary power source goes OFF, an ON-level com-
posite video signal and an OFF-level composite video signal
are sequentially inputted into the liquid crystal display panel
1. Consequently, the present liquid crystal display device can
erase an afterimage faster than the counterpart in the third
embodiment, and accordingly, the deterioration of the liquid
crystal due to the application of an abnormal voltage can be
suppressed more effectively.

In the above embodiments, the microcomputer 11 is used
to output the power source OFF signal to turn OFF the main
power source 14, and a function to detect whether the main
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power source 14 is turned OFF or not is provided to the
microcomputer 11 instead of separately providing power
source OFF detecting means. However, in case that the micro-
computer 11 is omitted, the same can be done in the following
manner.

That is, the power source control section 9 can be arranged
in such a manner to observe the output voltage from the main
power source 14 and detect whether the main power source 14
1s turned OFF or not based on a voltage drop, so that the power
source control section 9 outputs a video signal by means of
the driving signal generating circuit 8 (8' or 8") when the main
power source 14 is turned OFF. In this case, the power source
control section 9 is arranged to output the power source OFF
signal to the driving signal generating circuit 8 (8 or 8") and
auxiliary power source 10 when the voltage drops below a
certain level to notify that the main power source 14 is turned
OFF. In short, the power source control section 9 serves as a
voltage detector and also as power source OFF signal gener-
ating means. Here, to prevent the malfunction of the power
source control section 9 when the output voltage starts to drop
and rise repetitively, the power source control section 9 is
preferably arranged to output a signal notifying that the main
power source 14 is turned OFF to the driving signal generat-
ing circuit 8 (8' or 8") after awhile since the voltage has started
10 vary.

In the above embodiments, the auxiliary power source 10 is
used as panel power maintaining means; however, the panel
power maintaining means is not limited to the same. Alterna-
tively, delaying means composed of a delaying circuit or the
like may be provided to delay the turning OFF of the main
power source 14 by controlling the delaying circuit or the like
by the power source OFF signal from the microcomputer 11
or a signal form the above detector. In this case, an afterimage
on the liquid crystal display panel 1 is erased using the power
from the main power source 14 instead of the power from the
auxiliary power source 10. Also, the turning OFF is delayed
within the period during which the afterimage on the liquid
crystal display panel is erased.

The auxiliary power source 10 may be arranged to generate
energy, for example, by receiving external light, or accumu-
late supplied power from the main power source 14 using a
capacitor or the like.

Also, the stylus input device 13 is not necessarily used to
input a command to turn OFF the main power source 14, and
the same can be done by simply turning ON/OFF a power
source switch provided to the main body of the liquid crystal
display device.

Fifth Embodiment

The following description will describe a fifth embodiment
of the present invention. Hereinafter, like components are
labeled with like reference numerals with respect to the above
embodiments, and the description of these components is not
repeated for the explanation’s convenience.

FIG. 13 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with the present
embodiment (hereinafter, referred to as the present liquid
crystal display device). As shown in the drawing, the present
liquid crystal display device comprises the liquid crystal dis-
play panel 1, a source driver 52, a gate driver 53, a source
driver control circuit 54, a gate driver control circuit 55, a
power source control circuit 56, an opposing electrode signal
control circuit 57, a judging switch 58, a judging power
source 59, and a relay switch 60.

The source driver 52 receives control signals and video
signals both outputted from the source driver control circuit
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54 through a source control signal line 61 and a video signal
line 62, respectively, and a detail of which will be given
below. Also, the source driver 52 receives a driving power
source voltage from the power source control circuit 56
through a source power source line 63, a detail of which will
also be given below. The source driver 52 outputs the input
video signals to all the n source lines 24,-24, on the liquid
crystal display panel 1 in sync with the horizontal synchro-
nizing signals of the control signals (see FIG. 2). Accordingly,
the source driver 52 outputs a data signal to display the pixels
22 for one line on the liquid crystal display panel 1 for every
horizontal period.

Here, the explanation is given or a case using a color video
signal. However, the arrangement except for the video signal
line is substantially the same in case of a monochrome liquid
crystal display panel, and the explanation of which is omitted
herein.

As previously mentioned, the source driver control circuit
54 controls the source driver 52, and a power source voltage
supplied from the power source control circuit 56, which will
be described below, is inputted to the same through a power
source voltage line 67. Also, an original video signal and a
synchronizing signal are inputted to the source driver control
circuit 54 through an original video signal line 63 and a
synchronizing signal line 69, respectively. The source driver
control circuit 54 generates a video signal and a control signal
as desired based on the input original video signal and syn-
chronizing signal, respectively, which are supplied to the
source driver 52 through the source control signal line 61 and
video signal line 62, respectively.

Besides the aforementioned signal lines 61, 62, 67, 68, and
69, a source enable signal line 70 is connected to the source
driver control circuit 54, so as to convey a source enable
signal for judging whether an erasing action command out-
putted from the power source control circuit 56 should be
carried out or not. While the source enable signal sways at
H-level, the source driver control circuit 54 outputs a rectan-
gular wave signal, which is in phase with an opposing elec-
trode signal at the same voltage level and whose detailed
explanation will be given below, to the source driver 52
instead of the normal video signal.

The gate driver 53 receives the control signals from the gate
driver control circuit 55 through a gate control signal line 64,
and a detailed explanation of the circuit 55 will be given
below. Also, the gate driver 53 receives a driving power
source voltage from the power source control circuit 56
through a gate power source line 66. Then, the gate driver 53
outputs the normal gate driving signal through the m gate
lines 25,25, on the liquid crystal display panel 1 based on
the input control signals through the gate control signal line
64, and sequentially turns ON the TFTs 23 on the first through
m’th lines per line for every horizontal period, whereby the
gate driving signal is applied to the corresponding pixel 22.

Also, an enable pulse, which will be descried below, is
supplied to the gate driver 53 from the gate driver control
circuit 55 through an enable pulse signal line 65. Upon input
ofthe enable pulse, the gate driver 53 outputs the enable pulse
directly instead of the normal gate driving signal to turn ON
all the TFTs 23 on the m gate lines 25,-25, on the liquid
crystal display panel 1 concurrently.

As previously mentioned, the gate driver control circuit 55
controls the gate driver 53. A power source voltage supplied
from the power control circuit 56, which will be described
below, is supplied to the gate driver control circuit 55 through
a power source voltage line 71. Also, a synchronizing signal
is inputted to the same through the synchronizing signal line
69. Thus, the gate driver control circuit 55 generates a desired
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control signal based on the synchronizing signal, which is
supplied to the gate driver 53 through the gate control signal
line 64.

Besides the aforementioned signal lines 64, 69, and 71, a
gate enable signal line 72 and an enable pulse signal line 65
are connected to the gate driver control circuit 55. The gate
enable signal line 72 conveys a gate enable signal for judging
whether an erasing action command outputted from the
power source control circuit 56 should be carried out or not.
Upon input of the H-level gate enable signal, the gate driver
control circuit 55 outputs an enable pulse with a predeter-
mined width to the gate driver 53 through the enable pulse
signal 65.

The opposing electrode signal control circuit 57 controls
the opposing electrode signal to be applied to the opposing
electrode 225 in the liquid crystal display panel 1 through an
opposing electrode signal line 74 based on the synchronizing
signal inputted through the synchronizing signal line 69 and
the power source voltage inputted through a power source line
73.

Also, an opposing enable signal line 75 is connected to the
opposing electrode signal control circuit 57 to input an oppos-
ing enable signal for judging whether an erasing action com-
mand outputted from the power source control circuit 56
should be carried out or not. While the opposing enable signal
stays at H-level, the opposing electrode signal control circuit
57 outputs a rectangular wave signal, which is in phase with
the rectangular wave signal outputted from the source driver
control circuit 54 at the same voltage level, as an opposing
electrode signal.

The judging switch 58 serves as a mail switch of the main
body of the present liquid crystal display device. Each time
the judging switch 58 is pressed, the main body of the present
liquid crystal display device is switched ON/OFF. The judg-
ing switch 58 outputs an ON/OFF judging signal to the power
source control circuit 56. The ON/OFF judging signal stays at
H-level having a predetermined voltage level while the judg-
ing switch 58 is being pressed, and is outputted as a judging
signal pulse (judging pulse). While the judging switch 58 is
not pressed, the voltage level of the ON/OFF judging signal is
0 volt.

The judging power source 59 is a power source that gen-
erates the judging signal pulse of the ON/OFF judging signal
outputted while the judging switch 58 is being pressed. Since
the judging power source 59 consumnies quite a small amount
of power, it can be composed of, for example, a button cell or
a dry cell.

The power source control circuit 56 includes the aforemen-
tioned lines 61, 66, 67, 71, and 73 for supplying the power
source voltage for driving the aforementioned control circuits
54,53, and 57 and driving circuits 52 and 53. Also, the power
source control circuit 56 includes a main power source line 76
for receiving a main power source for driving the main body
of the present liquid crystal display device through the relay
switch 60 in addition to the aforementioned enable signals 70,
72, and 75.

Further, the power source control circuit 56 is connected to
both the judging switch 58 and judging power source 59. As
will be described below, the power source control circuit 56
detects whether the main body of the present liquid crystal
display device is turned ON/OFF, and opens/closes the relay
switch 60 by shifting the level of a relay switch control signal.
Further, when the power source is turned OFF, the power
source control circuit 56 keeps supplying the power for driv-
ing theliquid crystal display panel 1 through the power source
lines 61, 66, 67, 71, and 73 for a certain period before it turns
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OFF the relay switch 60, while at the sametime outputting the
enable signals through their respective enable signal lines 70,
72, and 75.

In the above arrangement, the power source control circuit
56,judging switch 58, and judging power source 59 constitute
power source OFF detecting means, and the power source
control circuit 56 1s also furnished with a function to serve as
a cower source managing circuit. The judging switch 58 and
judging power source 59 constitute a power source OFF
detecting circuit. In addition, the power source control circuit
56 also serves as power maintaining means. Further, the
power source control circuit 56, source driver control circuit
54, source driver 52, and gate driver control circuit 55, gate
driver 53, and opposing electrode signal control circuit 57
constitute erasing means.

Next, an operation of the present liquid crystal display
device arranged as above when the user inputs a command to
turn ON/OFF the present liquid crystal display device by
pressing the judging switch 58 will be explained with refer-
ence to waveforms of FIGS. 14 through 16. FIG. 14 shows
waveforms of the ON/OFF judging signal and relay switch
control signal both outputted when the present liquid crystal
display device is switched ON from OFF. FIG. 15 is wave-
forms of signals outputted when the present liquid crystal
display device is switched OFF from ON. FIG. 16 is an
enlarged view of the video signal and opposing electrode
signal of FIG. 15.

To begin with, the operation of the present liquid crystal
display device when being switched ON from OFF will be
explained.

When the judging switch 58 is pressed once while the main
body of the present liquid crystal display device stays OFF, a
judging signal pulse is shaped on the ON/OFF judging signal
as shown in FIG. 14 while the judging switch 58 is being
pressed. Upon detection of the judging signal pulse, the
power source control circuit 56 shifts the relay switch control
signal to H-level. The relay switch 60 conducts a current
while the relay switch control signal stays at H-level, whereby
a voltage is supplied to the power source control circuit 56
from the main power source. The power source control circuit
56 supplies desired signals to each circuit, so that the main
body of the present liquid crystal display device comes ON.
The relay switch control signal stays at H-level and keeps
conducting a current through the relay switch 60 until the
judging switch 58 is pressed again and another judging signal
pulse is inputted.

Subsequently, the operation of the present liquid crystal
display device when being switched OFF from ON will be
explained.

When the judging switch 58 is pressed once while the main
body ofthe present liquid crystal display device stays ON, the
judging signal pulse is outputted as the ON/OFF judging
signal as shown in FIG. 15. Upon detection of the judging
signal pulse, the power supply control circuit 56 shifts the
source enable signal, gate enable signal, and opposing enable
signal to H-level for a certain period through their respective
enable signals 70, 72, and 75 to erase an image.

Since an image is displayed normally until each enable
signal has shifted to H-level, the source driver control circuit
54 keeps outputting arbitrary video signal and control signal
to the source driver 52. The gate driver control circuit 55
outputs a normal control signal that sequentially turns ON a
gate lines, while the opposing electrode signal control circuit
57 outputs an opposing electrode signal that matches with the
arbitrary video signal.

When each enable signal has shifted to H-level, the gate
driver control circuit 55 generates an enable pulse based on
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the H-level gate enable signal and outputs the same to the gate
driver 53, which outputs the enable pulse directly to all the m
gate lines 25,-25, on the liquid crystal display panel 1 con-
currently as the gate driving signal.

At the same time, the source driver control circuit 54 out-
puts a rectangular wave signal as shown in FIG. 16, which is
in phase with the opposing electrode signal at the same volt-
age level, to the source driver 52 instead of the normal video
signal while the source enable signal stays at H-level. The
source driver 52 outputs the supplied rectangular wave signal
10 all the n source lines 24,-24,, on the liquid crystal display
panel 1 concurrently in sync with the horizontal synchroniz-
ing signal in the normal manner.

The opposing electrode signal control circuit 57 outputs
the rectangular wave signal, which is in phase with the rect-
angle wave signal of FIG. 15 outputted from the source driver
control circuit 54 at the same voltage level, as the opposing
electrode signal while the opposing enable signal stays at
H-level.

Accordingly, a voltage applied to the pixels 22 is reduced to
relatively zero volt, and the liquid crystal in each pixel 22
loses an applied voltage concurrently and the liquid crystal
display panel 1 is shut off entirely, thereby erasing an after-
image in the liquid crystal. In an arrangement in which all the
TFTs 23 onthe gatelines 25,-25,, are turned ON concurrently
to shut off the liquid crystal display panel 1 entirely, a time
required for the erasing action can be reduced to half the
horizontal period at the maximum, thereby making it possible
to erase an afterimage in a very short time.

After the liquid crystal in each pixel 22 is fully stabilized,
the power source control circuit 56 shifts each enable signal to
L-level (0 level), and shifts the relay switch control signal to
L-level (0 level) to make the relay switch 60 nonconductive,
whereby the power supply from the main power source is
stopped.

Herein, the video signal and opposing electrode signal are
made into the rectangular wave signals and the polarity of
these signals is inverted for every horizontal period. However,
the present invention is not limited to the above arrangement.
For example, as shown in FIG. 17, the video signal may be
composed of only a direct current component of a voltage that
turns OFF the liquid crystal of the liquid crystal display panel
1, namely, a voltage below the threshold voltage of the liquid
crystal (OFF-level). Moreover, as shown in FIG. 18, both the
video signal and opposing electrode signal may be zero volt
signals. In other words, any voltage will do as long as it does
not switch ON the liquid crystal of each pixel 22 relatively
when applied thereon. In short, any voltage below the thresh-
old of the liquid crystal will do.

Next, an example circuit of the gate driver 53 for realizing
the above erasing action, and an example circuit of a video
signal processing section in the source driver control circuit
54 will be explained with reference to FIGS. 19 through 24.

FIG. 19 is a view explaining an example gate driver 53. As
shown in the drawing, the gate driver 53 has a standard
arrangement for a gate driver, and includes a shift register
101, a level shifter 102, and a buffer circuit 103. Both the shift
register 101 and level shifter 102 have m stages: the shift
register 101 comprises registers 101,-110,, and the level shift
circuit 102 comprises level shift circuits 102,-102,,.

Herein, a horizontal synchronizing signal is supplied to the
clock terminal of the registers 101,-101,, as a clock signal
(CK). A vertical synchronizing signal is supplied to the data
terminal of the register 101, in the first stage of the shift
register 101 as a start signal (SP). Pulses delayed sequentially
by one horizontal period are outputted from the output termi-
nals of the registers 101,-101,, separately, which are inputted

20

25

35

40

45

60

65

18

respectively to the level shift circuits 102,-102 , of the level
shift circuit 102, and outputted further to the buffer circuit 103
after being adjusted to an adequate level.

To carry out the above-described output for the erasing
action, the buffer circuit 103 in the last stage comprises 2-in-
put OR gates 104,-104,,. Either input of each of the OR gates
104,-104_ is respectively connected to the outputs from the
level shift circuits 102,-102,, and the other input is con-
nected to the enable pulse signal line 65.

FIG. 20 shows signal waveforms of a major portion of the
gate driver 53 arranged as above. As shown in the drawing, the
outputs from the gates 104,-104,, forming the buffer circuit
103, in other words, the output from the gate driver 53, are the
direct output from the level shifter 102 which turns ON the m
gate lines sequentially, which is defined as the normal gate
driving signal. The gate driver 7 of F1G. 2 converts the level of
the input pulse and outputs the resulting pulse to the gate lines
25,-25,, on the liquid crystal display panel 1.

On the other hand, upon input of the enable pulse through
the enable pulse signal 65, the OR gates 104,-104,, output the
enable pulse directly instead of the outputs from the level shift
circuits 102,-102, , whereby all the TFTs 23 on the gate lines
25,-25 on the liquid crystal display panel 1 are turned ON
concurrently.

Another example gate driver 53 is illustrated in FIG. 21,
which also includes a shift register 101, a level shifter 102,
and abuffer circuit 105. Here, to carry out the above output for
the erasing action, the shift register 101 includes a preset
terminal 106, to which the enable pulse is inputted.

FIG. 22 shows signal waveforms of a major portion of the
gate driver 53 arranged as above. In a normal operation, the
output from the shift register 101 is the output which sequen-
tially turns ON the m gate lines. Upon input of the enable
pulse to the preset terminal 106, the shift register 101 shifts
the outputs from the registers 101,-101 , in all the m stages in
the shift register 101 to H-level regardless of the input to the
shift register 101. Here, the gate driver control circuit 55 does
not output any control signal but the enable pulse to the gate
driver 53 after the gate enable signal has shifted to H-level.

FIG.23 isaview explaining anexample circuit of the video
signal processing section in the source driver control circuit
54. As shown in the drawing, the video signal processing
section includes a flip-flop 107, an inverter 113, a level shifter
108, 3-terminal buffers 109 and 110, another inverter 112, and
an OR gate 111.

In this arrangement, the flip-flop 107 and inverter 113
generates a half-divided signal of the horizontal synchroniz-
ing signal, and output the same to the level shifter 108. The
level shifter 108 converts the half-divided divided signal into
a signal which is in phase with the opposing electrode signal
at the same voltage level, and inputs the resulting signal to the
3-terminal buffer 109. In other words, the flip-flop 107,
inverter 113, and level shifter 108 constitute a synchronized
signal generating circuit.

In a normal operation, the output from the OR gate 111 is
the output from an unillustrated signal distributing circuit
provided for each color in the source driver control circuit.
However, upon input of the source enable signal, the 3-termi-
nal buffers 109 and 110 and inverter 112 switch to the half-
divided signal converted by the level shifter 108, so that the
same is outputted from the OR gate 111. In other words, the
3-terminal buffers 109 and 110, inverter 112, and OR gate 111
constitute a switching circuit. FIG. 24 shows waveforms or
the output from the video signal processing section arranged
as above.

In the present embodiment, the control of the opposing
electrode signal is omitted, and the control on the video signal
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alone is described. However, the opposing electrode signal
can be controlled in the same manner. As has been explained,
if a voltage applied to the liquid crystal based on the video
signal and opposing electrode signal is the one that does not
turn ON the liquid crystal relatively, in other words, the one
that is below the threshold, the erasing effect can be attained.
Therefore, it is apparent that both the video signal and oppos-
ing electrode signal can be composed of the direct current
components alone as long as the voltage obtained from these
signals does not turn ON the liquid crystal relatively.

Sixth Embodiment

The following description will describe a sixth embodi-
ment of the present invention. Hereinafter, like components
are labeled with like reference numerals with respect to the
above embodiments, and the description of these components
is not revealed or the explanation’s convenience.

FIG. 25 is a block diagram depicting an arrangement of a
liquid crystal display device in accordance with the present
embodiment (hereinafter, referred to as the present liquid
crystal display device). In the counterpart in the fifth embodi-
ment shown in FIG. 13, the gate enable signal is supplied to
the gate driver control circuit 55 from the power source con-
trol circuit 56 through the gate enable signal line 72, and the
gate driver control circuit 55 generates the gate enable pulse
based on the input gate enable signal and supplies the gate
enable pulse to the gate driver 53 through the enable pulse
signal line 65.

In contrast, as shown in FIG. 25, in the present liquid
crystal display device, a power source control circuit 81 does
not output the gate enable signal, and the gate enable signal is
not supplied to the gate driver control circuit 80. Herein, the
enable signal is supplied to the source driver control circuit 54
and opposing electrode signal control circuit 57 alone. In
other words, the gate driver control circuit 80 and a gate driver
82 in the gate side are arranged in the conventional manner.

Thus, erasing means of the present liquid crystal display
device comprises the power source control circuit 81, source
driver control circuit 54, source driver 52, and opposing elec-
trode signal control circuit 57.

FIG. 26 shows signal waveforms of a major portion of the
present liquid crystal display device arranges as above when
being switched OFF from ON.

As shown in the drawing, the source driver control circuit
54 and opposing electrode signal control circuit 57 respec-
tively keep outputting a normal video signal and a normal
opposing electrode signal until the source enable signal and
opposing enable signal are shifted to H-level with the press-
ing of the judging switch 58. Once the enable signals have
shifted to H-level, the source driver control circuit 54 and
opposing electrode signal control circuit 57 respectively out-
put rectangular wave signals, which are in phase with each
other at the same voltage level, instead of the normal signals
in the same manner as the fifth embodiment.

The present liquid crystal display device is different from
the counterpart in the fifth embodiment in that the gate driver
82 keeps outputting the normal gate driving signal when the
present liquid crystal display device is switched OFF from
ON, so as to keep turning ON the TFTs 23 on the gate lines
25,-25, sequentially per line.

According to the above arrangement, a voltage applied to
the pixels 22 within one vertical period is reduced to relatively
a zero volt, and the liquid crystal in each pixel 22 loses an
applied voltage concurrently and the liquid crystal display
panel 1 is shut off entirely, thereby erasing an afterimage in
the liquid crystal (see FIG. 2).
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Ifthe gate enable signal is arranged not to be inputted to the
gate side like in the present liquid crystal display device, a
time required for erasing an afterimage is at least one hori-
zontal period, which is longer than the time required in the
counterpart in the fifth embodiment. However, the present
liquid crystal display device is advantageous in that the gate
driver 82 and gate driver control circuit 80 in the gate side can
be of the existing models.

Like in the fifth embodiment, waveforms of the video
signal and opposing electrode signal are not especially lim-
ited as long as a voltage applied to the pixels 22 is the one that
does not turn ON the liquid crystal relatively, in other words,
the one that is below the threshold.

Seventh Embodiment

The following description will describe a seventh embodi-
ment of the present invention. Hereinafter, like components
are labeled with like reference numerals with respect to the
above embodiments, and the description of these components
is not repeated for the explanation’s convenience.

FIG. 27 1s a block diagram depicting an arrangement of a
liquid crystal display device in accordance with the present
embodiment (hereinafter, referred to as the present liquid
crystal display device). In the counterpart in the fitth embodi-
ment, upon input of the H-level in the gate enable signal line
72 from the power source control circuit 56, the gate driver
control circuit 55 supplies the enable pulse to the gate driver
53 through the enable pulse signal 65, and the gate driver 53
outputs the enable pulse directly to all the gate lines 25,-25
concurrently instead of the normal gate driving signal upon
input of the enable pulse.

In contrast, as shown in FIG. 27, in the present liquid
crystal display device, upon input of the H-level gate enable
signal from the power source control circuit 56, a gate driver
control circuit 85 outputs the same directly to a gate driver 82
as a start signal (SP) through the gate control signal line 64.

In other words, erasing means of the present liquid crystal
display device comprises the power source control circuit 56,
source driver 52, gate driver 82, source driver control circuit
54, and gate driver control circuit 85.

FIG. 28 shows signal waveforms of a major portion of the
present liquid crystal display device arranged as above when
being switched OFF from ON.

As shown in the drawing, the source driver control circuit
54 and opposing electrode signal control circuit 57 respec-
tively keep outputting a normal video signal and a normal
opposing electrode signal until the source enable signal and
opposing enable signal are shifted to H-level with the press-
ing of the judging switch 58. When the enable signals have
shifted to H-level, the source driver control circuit 54 and
opposing electrode signal control circuit 57 output rectangu-
lar wave signals, which are in phase with each other at the
same voltage level, instead of the normal signals in the same
manner as the fifth embodiment.

The present liquid crystal display device is different from
the counterpart in the fifth embodiment in that the gate driver
82 outputs the H-level gate driving signal while the gate
enable signal stays at H-level. A H-level voltage value in the
driving signal depends on the power source voltage.

Accordingly, the voltage applied to the pixels 22 drops to
relatively zero after one horizontal period, and the voltage
application to the liquid crystal in all the pixels 22 stops
concurrently. As a result, the liquid crystal in each pixel 22
loses an applied voltage concurrently and the liquid crystal
display panel 1 is shut off entirely, thereby erasing an after-
image in the liquid crystal (see FIG. 2).
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In an arrangement where the output of the gate driver 82 is
fixed to a certain voltage while the gate enable signal is being
inputted like in the present liquid crystal display device, the
time required for the erasing action can not be as short as the
time required by the counterpart in the fifth embodiment, but
can be shorter than the time required by the counterpart in the
sixth embodiment. Moreover, there is an advantage that the
gate driver 82 can be an existing model.

Like in the fifth embodiment, waveforms of the video
signal and opposing electrode signal are not especially lim-
ited as long as a voltage applied to the pixels 22 is the one that
does not turn ON the liquid crystal relatively, in other words,
the one that is below the threshold.

Next, an example gate driver control circuit 85 which can
operate in the above manner will be explained with reference
1o FIGS. 29 and 30.

FIG. 29 is a view explaining an example gate driver control
circuit 85. As shown in the drawing, the gate driver control
circuit 85 includes a control IC121 as the standard model
does. The control IC121 generates a signal for controlling the
gate driver based on the input clock signal, horizontal syn-
chronizing signal, vertical synchronizing signal, etc. Of all
kinds of the control signals, a start signal (SP') and the gate
enable signal obtained through the gate enable signal line 72
are inputted to the OR gate 122, which outputs a new start
signal (SP). It is these start signals that make the erasing
action possible. FIG. 30 shows a waveform of each kind of
signal in the gate driver control circuit 85.

In the fifth through seventh embodiments, a dry cell, a
button cell or the like is used as the judging power source 59.
However, a battery charger may be used as the judging power
source 59, and in this case, the battery charger is charged by
the main power source for driving the main body of the
present liquid crystal display device while the main body is
operating. Particularly, since the liquid crystal devices, such
as a notebook personal computer and a portable information
terminal, adopt the battery charger for detecting ON/OFF of
the main power source in the standard models, a separate
button cell or dry cell can be omitted.

Further, the liquid crystal display device which is always
supplied with power from the main power source like an A/C
power source, such as a desk-top information terminal, can
omit a separate button cell or dry cell like the case adopting
the battery charger, if arranged in such a manner that the
judging power source 59 is supplied with A/C power besides
a voltage supplied through the main power source 76. In this
case, it is more preferable to pre-install a small cell as an
emergency power source as an assurance against an unex-
pected stop of the power supply. such as a power failure.

The ON/OFF control of so-called consumer electronic
equipment (which is referred to as the ON/OFF control of the
power source in the above explanation) is generally carried
out not by a lock switch, such as a toggle switch, but by the
pressing of an unlock key-switch like the judging switch 58,
such as a tactile switch, for establishing or disconnecting the
connection systematically. The unlock key switch outputs a
strobe signal from the output terminal, and when the key
switch is pressed, the strobe signal is inputted into the input
terminal, whereupon the power output of the device is
switched ON/OFF. In this arrangement, the power from the
main power source can be readily cut with a certain delay
since the device is switched OFF from ON as described
above.

Ashasbeen explained, an erasing device for aliquid crystal
display image, provided in a liquid crystal display device
having a liquid crystal display panel whose pixels are driven
by active elements, for erasing a display image on the liquid
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crystal display panel when a power source of a main body of
the liquid crystal display device is turned OFF, is character-
ized by comprising:

power source OFF detecting means for detecting whether
the power source of the main body of the liquid crystal display
device is turned OFF or not;

panel power maintaining means for supplying power to the
liquid crystal display panel for a certain period after the power
source of the main body of the liquid crystal display device is
turned OFF; and

erasing means for lighting up the liquid crystal display
panel entirely on a saturation voltage of liquid crystal and
subsequently shutting off the liquid crystal display panel
entirely using the power supplied from the panel power main-
taining means source when the power source OFF detecting
means detects that the power source of the main body of the
liquid crystal display device is turned OFF.

According to the above arrangement, when the power
source ofthe main body of the liquid crystal display device is
turned OFF, the power source OFF detecting means detects
the turning OFF of the main power source, and the panel
power maintaining means maintains the power supplied to the
liquid crystal display panel after the power source of the main
body of the liquid crystal display device is turned OFF. Con-
sequently, it has become possible to drive the liquid crystal
display panel after the power source of the main body of the
liquid crystal display device is turned OFF.

Also, when the power source OFF detecting means detects
the turning OFF of the power source, the erasing means lights
up the liquid crystal display panel entirely on the saturation
voltage of the liquid crystal and subsequently shuts off the
same entirely using the power supply from the panel power
maintaining means.

Accordingly, even if a half-tone image is being displayed
on the liquid crystal display panel when the power source of
the main body of the liquid crystal display device is turned
OFF and an amount of the restoring energy of the liquid
crystal is small because the distortion is minor, the saturation
voltage is applied to the liquid crystal of the liquid crystal
display panel to increase an amount of the restoring energy to
a satisfactory level. Thus, when the liquid crystal display
panel is shut off entirely after being lit up entirely, the liquid
crystal returns to its initial state quickly, thereby erasing an
afterimage as soon as possible.

In this case, an afterimage can be erased faster if the liquid
crystal display panel is driven in such a manner that a voltage
which turns OFF the liquid crystal is applied to the liquid
crystal when lighting up and subsequently shutting off the
liquid crystal display panel entirely.

As shown in FIGS. 32(a) and 32(b), for example, when the
power source of the main body is turned OFF while the liquid
crystal display panel was displaying an image at the level 6, it
used to take 320 msec for the liquid crystal display panel to
return to the display state of the level 8. However, if the
saturation voltage is applied to the liquid crystal display panel
to make the display state to the level 1 preliminary like in the
erasing device for a liquid crystal display image of the present
invention, it takes only 70 msec to erase an afterimage.

If the TFTs (Thin Film Transistors) are used as the active
elements, liquid crystal with high maintaining ability is
required, and in general, liquid crystal with high specific
resistance (1x10™2Q-cm) is used. The liquid crystal with high
specific resistance takes a long time to discharge the charges,
and it is more difficult to erase an afterimage. However,
applying a saturation voltage before applying a voltage which
turns OFF the liquid crystal in the above manner is very
effective in such a case.
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1fan afterimage on the liquid crystal display panel is erased
quickly, the charges withheld in the liquid crystal are dis-
charged in a short time, thereby making it possible to suppress
the deterioration of the liquid crystal due to an abnormal
voltage.

The erasing device for a liquid crystal display image of the
present invention may be arranged in such a manner that the
erasing means outputs (1) a gate driving signal which sequen-
tially turns ON gate lines to turn ON the active elements per
gate line for a certain period not shorter than one vertical
period by means of a gate driver and (2) a first video signal
which lights up the liquid crystal display panel entirely by
means of a source driver during the certain period, and after
which the erasing means outputs (3) the gate driving signal
which sequentially turns ON the gate lines to turn ON the
active elements per gate line for the certain period not shorter
than one vertical period by means of the gate driver again and
(4) a second video signal which shuts off the liquid crystal
display panel entirely by means of the source driver for the
certain period.

According to the above-arranged example erasing means,
the liquid crystal display panel is 1it up entirely for the first
certain period not shorter than one vertical period and subse-
quently shut off entirely for the second certain period not
shorter than one vertical period by driving the gate driver and
source driver in the above manner. Thus, the arrangement of
the erasing means can be simplified.

The erasing device for a liquid crystal display image of the
present invention may be arranged in such a manner that the
erasing means includes:

a gate side compensating means for outputting a gate driv-
ing signal which turns ON the active elements on all gate lines
concurrently in a vertical retrace lane period within one ver-
tical period by means of a gate driver; and

a source side compensating means for outputting a video
signal which shuts off the liquid crystal display panel entirely
by means of a source driver, the video signal being in sync
with the gate driving signal outputted from the gate side
compensating circuit,

the erasing means lighting up the liquid crystal display
panel entirely during the vertical retrace line period.

According to the above arrangement, the source side com-
pensating means and gate side compensating means provided
in the erasing means light up the liquid crystal display panel
entirely during the vertical retrace line period within one
vertical period when the power source of the main body of the
liquid crystal display device is turned OFF. Thus, it has
become possible to light up and shut off the liquid crystal
display panel entirely within one vertical period, thereby
erasing a liquid crystal afterimage faster while suppressing
the deterioration of the liquid crystal more effectively.

Also, the erasing device for a liquid crystal display image
of the present invention may be arranged in such a manner
that the erasing means includes:

gate side compensating means for outputting a gate driving
signal which turns ON the active elements on all gate lines
concurrently over a vertical retrace line period within one
vertical period by means of a gate driver; and

source side compensating means for outputting a video
signal which lights up and subsequently shuts off the liquid
crystal display panel entirely by means or a source driver, the
video signal being in sync with the gate driving signal.

According to the above arrangement, the source side com-
pensating means and sate side compensating means provided
in the erasing means light up and shut of the liquid crystal
display panel entirely in a period shorter than one vertical
period when the power source of the main body of the liquid
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crystal display device is turned OFF. Consequently, an liquid
crystal afterimage can be erased faster, and the deterioration
of the liquid crystal can be suppressed more effectively.

Also, the erasing device for a liquid crystal display image
of the present invention may further comprise video signal
distributing means for distributing a composite multi-color
video signal into a plurality of mono-color video signals,
wherein the source side compensating means is provided to
an input side of the video signal distributing means for each
color.

According to the above arrangement, the source side com-
pensating means generates the video signal which lights up
the liquid crystal display panel entirely in sync with the gate
driving signal outputted from the gate side compensating
means in the form of a multi-color composite video signal.
Compared with a case where the video signal which lights up
the liquid crystal display panel entirely is generated after the
video signal is distributed into mono-color video signals, the
arrangement of the source side compensating means can be
simplified, and therefore, the erasing device can be down-
sized.

Also, an erasing device for a liquid crystal display image,
provided in a liquid crystal display device having a liquid
crystal display panel whose pixels are driven by active ele-
ments, for erasing a display image on the liquid crystal dis-
play panel when a power source of a main body of the liquid
crystal display device is turned OFF, is characterized by com-
prising:

power source OFF detecting means for detecting whether
the power source of the main body of the liquid crystal display
device is turned OFF or not;

panel power maintaining means for supplying power to the
liquid crystal display panel for a certain period after the power
source of the main body of the liquid crystal display device is
turned OFF; and

erasing means for shutting off the liquid crystal display
panel entirely by driving the liquid crystal display panel to
apply a voltage which turns OFF the liquid crystal to the
liquid crystal using the power supplied from the panel power
maintaining means source when the power source OFF
detecting means detects that the power source of the main
body of the liquid crystal display device is turned OFF.

According to the above arrangement, when the power
source ofthe main body of the liquid crystal display device is
turned OFF, the power source OFF detecting means detects
the turning OFF of the main power source, and the panel
power maintaining means maintains the power from the
power source supplied to the liquid crystal display panel after
the power source of the main body of the liquid crystal display
device is turned OFF. Consequently, it has become possible to
drive the liquid crystal display panel after the power source of
the main body of the liquid crystal display device is turned
OFF.

Also, when the power source OFF detecting means detects
the turning OFF of the power source, the erasing means
passes the current through all the circuits driving the liquid
crystal display panel for a certain period to turn ON the active
elements, while at the same time controlling a video signal or
an opposing electrode signal positively, so that a voltage
which turns OFF the liquid crystal is applied to the liquid
crystal.

According to the above arrangement, an afterimage can be
erased quickly, and therefore, the charges withheld in the
liquid crystal can be discharged in a short time, thereby sup-
pressing the deterioration of the liquid crystal due to an abnor-
mal voltage.
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The aforementioned is the arrangement for increasing an
amount of the restoring energy of the liquid crystal by apply-
ing the saturation voltage of the liquid crystal to erase an
afterimage. However, in case of some kinds of liquid crystal,
an afterimage can be erased quickly enough without applying
the saturation voltage of the liquid crystal, and instead by
shutting off the liquid crystal display panel entirely by con-
trolling a video signal or an opposing electrode signal posi-
tively, so that a voltage which turns OFF the liquid crystal is
applied to the liquid crystal while the active elements stay
ON.

Also, the erasing device for a liquid crystal display image
of the present invention may be arranged in such a manner
that the erasing means outputs a gate driving signal which
turns ON gate lines sequentially to turn ON the active ele-
ments per line by means of a gate driver, the erasing means
also outputting a video signal applied to pixel electrodes and
an opposing electrode signal applied to an opposing electrode
of the liquid crystal panel by means of a source driver and an
opposing electrode signal control circuit, respectively, both
the video signal and the opposing electrode signal being
applied as the voltage which turns OFF the liquid crystal.

According to the above arrangement, the gate driver out-
puts a signal which activates all the active elements concur-
rently. Thus, a time required to the erasing action can be
reduced as short as half the horizontal period, thereby making
it possible to erase an afterimage in a very short time.

Also, the erasing device for a liquid crystal display image
of the present invention may be arranged in such a manner
that the erasing means outputs a gate driving signal which
turns ON the active elements on all gate lines concurrently by
means of a gate driver, the erasing means also outputting a
video signal applied to a pixel electrode and an opposing
electrode signal applied to an opposing electrode of the liquid
crystal panel by means of a source driver and an opposing
electrode signal control circuit, respectively, both the video
signal and the opposing electrode signal being applied as the
voltage which turns OFF the liquid crystal.

According to the above arrangement, the active elements
are sequentially turned ON per line in the normal manner.
Thus, although it takes at least one vertical period to erase an
afterimage, there is an advantage that the gate driver, driver
control circuit, etc. or existing models can be used.

Also, the erasing device for a liquid crystal display image
of the present invention may be arranged in such a manner
that the erasing means outputs a gate driving signal within a
fixed power source potential supplied to the gate driver to all
the gate lines by means of the gate driver, and both a video
signal applied to a pixel electrode by means of a source driver
and an opposing electrode signal applied to an opposing
electrode of the liquid crystal display panel by means of an
opposing electrode signal control circuit as a voltage which
turns OFF the liquid crystal.

According to the above arrangement, not only the erasing
action can be accelerated, but also there is another advantage
that the gate driver or an existing model can be used to output
the gate driving signal.

Also, the erasing device for a liquid crystal display image
of the present invention may be arranged in such a manner
that:

a switch of the power source of the main body of the liquid
crystal display device outputs a judging pulse every time
being manipulated,

the power source OFF detecting means detects that the
power source of the main body of the liquid crystal display
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device is turned OFF upon input of the judging pulse while
the main body of the liquid crystal display device stays ON;
and

the panel power maintaining means turns OFF switch
means after a predetermined period has passed since the
power source detecting means detects thatthe power sourceis
turned OFF, the switching means being provided on a main
power source line for supplying power from a main power
source of the main body of the liquid crystal display device.

The above power source switch is not a switch like a toggle
switch that establishes or disconnects the connection
mechanically, but a switch like a tactile switch that establishes
or disconnects the connection systematically.

According to the above arrangement, the panel power
maintaining means judges whether the power source is turned
ON/OFF based on the judging pulse outputted from the power
source switch. Thus, when the power source is switched OFF
from ON, the switch means, which is provided on the main
power source line and can control the power supply from the
main power source means by establishing or disconnecting
the connection using another control circuit, such as a relay
switch, is turned OFF after a predetermined period has
passed. Consequently, the panel power maintaining means
can be realized systematically without forming a separate
auxiliary power source or the like.

Also, the liquid crystal display device of the present inven-
tion is a reflective type which displays an image by reflecting
incident light from the external and includes the above eras-
ing device for a liquid crystal display image.

An afterimage is particularly noticeable on the reflective
liquid crystal display device because there remains ambient
light after the power source is turned OFF. However, a com-
bination with the above erasing device can upgrade the dis-
play quality remarkably, thereby realizing a reflective liquid
crystal display device with an excellent display quality.

Also, theliquid crystal display device or the present inven-
tion includes a Guest-Host liquid crystal display panel and the
above erasing device for a liquid crystal display image.

The response rate of the Guest-Host liquid crystal is too
slow to erase an afterimage at a satisfactory speed. However,
acombination with the above erasing device makes it possible
to erase an afterimage quickly. Thus, the display quality can
be upgraded significantly, and a Guest-Host liquid crystal
display device with an excellent display quality can be real-
ized.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the
scope of the following claims.

What is claimed is:

1. An erasing device for a liquid crystal display image,
provided in a liquid crystal display device having a liquid
crystal display panel whose pixels are driven by active ele-
ments, for erasing a display image on said liquid crystal
display panel when a power source of a main body of said
liquid crystal display device is turned OFF, said erasing
device comprising:

a power source OFF detection circuit detecting a command
to turn OFF the power source of the main body of said
liquid crystal display device;

panel power maintaining circuit supplying power to said
liquid crystal display panel for a certain period after a
command to turn OFF the power source of the main
body of said liquid crystal display device is inputted; and
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an erasing circuit lighting up said liquid crystal display
panel entirely on a saturation voltage of liquid crystal
and subsequently shutting off said liquid crystal display
panel entirely using the power supplied from said panel
power maintaining circuit source when said power
source OFF detection circuit detects a command to turn
OFF the power source of the main body of said liquid
crystal display device.

2. The erasing device for a liquid crystal display image of
claim 1, wherein said erasing circuit drives said liquid crystal
panel to apply a voltage which turns OFF said liquid crystalto
said liquid crystal when turning OFF said liquid crystal dis-
play panel entirely after lighting up said liquid crystal display
panel entirely.

3. The erasing device for a liquid crystal display image of
claim 2, wherein said erasing circuit outputs (1) a gate driving
signal which sequentially turns ON gate lines to turn ON the
active elements per gate line for a certain period not shorter
than one vertical period by means of a gate driver, and (2) a
first video signal which lights up said liquid crystal display
panel entirely by means of a source driver during said certain
period, and after which said erasing circuit outputs (3) the
gate driving signal which sequentially turns ON the gate lines
to turn ON the active elements per gate line for said certain
period not shorter than one vertical period by means of said
gatedriveragain and (4) a second video signal which shuts off
said liquid crystal display panel entirely by means of said
source driver for said certain period.

4. The erasing device for a liquid crystal display image of
claim 2, wherein said erasing circuit includes:
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a gate side compensation circuit outputting a gate driving
signal which turns ON the active elements on all gate
lines concurrently in a vertical retrace line period within
one vertical period a gate driver; and

a source side compensation circuit outputting a video sig-
nal which shuts off said liquid crystal display panel
entirely by means of a source driver, said video signal
being in sync with said gate driving signal outputted
from said gate side compensating circuit,

said erasing circuit lighting up said liquid crystal display
panel entirely during the vertical retrace line period.

5. The erasing device for a liquid crystal display image of
claim 4 further comprising a video signal distributing circuit
distributing a composite multi-color video signal into a plu-
rality of mono-color video signals, wherein said source side
compensation circuit is provided to an input side of said video
signal distributing circuit for each color.

6. The erasing device for a liquid crystal display image of
claim 2, wherein said erasing circuit includes:

gate side compensation circuit outputting a gate driving
signal which turns ON the active elements on all gate
lines concurrently over a vertical retrace line period
within one vertical period by means of a gate driver; and

a source side compensation circuit outputting a video sig-
nal which lights up and subsequently shuts off said lig-
uid crystal display panel entirely by means of a source
driver, said video signal being in sync with said gate
driving signal.
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