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7) ABSTRACT

Aliquid crystal display device includes a plurality of pixels,
each of which includes a liquid crystal capacitor made up of
a liquid crystal layer and two electrodes to apply a voltage
to the liquid crystal layer. While the device is conducting a
display operation, an oscillation voltage, which oscillates a
number of times within a single vertical scanning period,
and a predetermined gray-scale voltage are applied to the
liquid crystal capacitor of an arbitrary one of the pixels.

20

0

~ 14

11

V_sig _l— _,—
Vadd S

.
12 18
V_ccmT G
16




US 2005/0062904 A1

Patent Application Publication Mar. 24,2005 Sheet 1 of 15

g1 914
owi |
< g
=
—_ (@]
swi |
_A
8
3
swi]
A
_A _A
25 «,
o
3
V.

<—— J1 —DI<— 1 —>

_Z

@

/L

VIOIT

ch—
\

v —




US 2005/0062904 A1

Patent Application Publication Mar. 24,2005 Sheet 2 of 15

ISAIIN |
_ewiy : <
D g
awiy [ 5 s
°
<D <S>
. ewiy PPeLPp <
h 3
oy
AN
<
< ﬂ
w
3 = 0z
— V.
3L > m !

Ve iOld

As™A
O
— ﬁ&oo..>

8l
v

N_J

|~

pr




US 2005/0062904 A1

Patent Application Publication Mar. 24,2005 Sheet 3 of 15

8014

«— y —>

< ddaisTA >

“— 3 —>

! m
A< | &
aw) a o
« g
=
<> <>
owi | ppeippe]’ =
< o
3
awi)
_A
0

VEOIA

LS
B AE;M&VE |

Ok e
! \\\\\\\\\\\\\\\ fotirs

14!

o€



Patent Application Publication Mar. 24,2005 Sheet 4 of 15 US 2005/0062904 A1

FIG. 4

6.0

This Invention
5.0

4.0

[ Vrms ]

30 | 2C

LC

Conventional
(Vadd =0 Vrms )

2.0

10 v
(0 Vrms <A Vrms <{B Vrms { C Vrms )

0.0 ' .
0.0 1.0 2.0 3.0 40 5.0 6.0

(1/2)xV_sigpp [V]



Patent Application Publication Mar. 24,2005 Sheet 5 of 15 US 2005/0062904 A1

[v]

FIG.5B

(1/2) % V_sigpp

50 6.0

4.0
[v]

3.0

@
£
/
3
o
(1/2) X V_sigpp

FIG.54
3

20

1.0

0.0



Patent Application Publication Mar. 24,2005 Sheet 6 of 15

FiIG.6A

FIG.6B

FIG.6C

[%]

Y

[%]

Y

(1/2)xV_sigpp [ V1]

This Invention ,"
80 | Vadd = B Vrms,*
ll
60 |
'.
40 s
f A
1 ]
[
20 } ’
) Conventional
. Vadd = 0 Vrms
0 ot ; .
00 20 40 6.0
(1/2)XVsigpp [V ]
100
80 }
60
40 |
20 }
Yn AY
0‘ 2 I 4 1 i
0 32 64 96 128 160 192 224 955
N
6.0
50 |} Conventional
Vadd =0 Vrms /,
40 |
30 |
2.0
LT ' This Invention
1.0 ,° Vadd = B Vrms
S S
0.0 L . . .
0 32 64 96 128 160 192 224 oc5

N

US 2005/0062904 A1



Patent Application Publication Mar. 24,2005 Sheet 7 of 15 US 2005/0062904 A1

AY /Y

FIG.7

0.12

017}

0.08 |

0.06

0.04 |

0.02 |

Conventional
Vadd = 0.0 Vrms

This Invention
Vadd =B Vrms

32 64 96

128 - 160 192 . 224 255



Patent Application Publication Mar. 24,2005 Sheet 8 of 15 US 2005/0062904 A1

540
SBLn (ComlLC SBL_n+1 SBL_n+1
% (CCS_mn
CSBL.m
- CLGC
o ) [ T 1
[ 2 BN ]
9 CSH._mn!
GBL_m TS PH_.mn i
éTFT_mn
CSBL_m+1
e AR T 1
I | I I ® o o
GBL_m+1 —— ——
- CSBL_m+2
-+ 1 ol
| I I l e o @
GS 4 .
CSBL_m+3
e A e A
I | | e & @
GBL m+3 > - - -
CSBL_m+4
e N T
| I | l ® o @
GBL m+4 D 3
. .



V_com

J

US 2005/0062904 A1

ddsoA

Patent Application Publication Mar. 24,2005 Sheet 9 of 15

5

a0}

w

>
N < < <
m —_ uTIgsA - wgSOA . wHgnA
~ < =) ©

Vaddpp )

(=

KxVCSpp

A

(d)

UWHdA



Patent Application Publication Mar. 24,2005 Sheet 10 of 15 US 2005/0062904 A1l

FIG.10

1 ¢z

VGBL_m

VegH
VGBL_m+1 Vgl

VGBL_m+2 rl

VGBL m+3 [

VGBL m+4 rl

VGBL_m+5 r-l

VGBL_m+6 I_l

VGBL.m+7 rl

h
Vo,

2H A A

N
Vv

VCSBLtypeA b VCSpp
EVCLCave Vaddpp
VCLC_m x —KXVCSpp/2 | KXVCS
Hrrrem PP o

VCLC_m+1 _Ll_ |
'I_I

VCLC_m+2

VCLC_m+3 —d +KXVCSpp./2 |  KXVCSpp

Ll L L
VCLC_m+4 | | | | | —KXVCSpp.~2 Kx VCSpp

VCLC_m+5 U +KxVCSpp./2 K x VCSpp

+K X VCSpp.”2 KX VCSpp

—KXVCSpp.~ 2 K% VCSpp

VOLC.m+6 L|._|_|. _KXVCSpp/2 | KXVCSpp

VCLC_m+7 4K X VCSpp.” 2 KX VCSpp



Patent Application Publication Mar. 24,2005 Sheet 11 of 15 US 2005/0062904 A1

1H
VGBL.m _l
VgH
VGBL m+1 Vel
VGBL m+2 ['1
VGBL m+3 _ [
VGBL m+4
VGBL m+5
VGBL m+6 ‘ I_
VGBL m+7
2H e
K> PO
VCSBLtypeB1 b VCSpp
VCSBLtypeB2 [ vespe
EVCLCave Vaddpp
VCLC.m x -L| F1 1 1 | —KxVCSpp.2 KX VCSpp
VCLC m+1 Y 1 M1 [ -KxVesees2 | KxVGspe
VCLC_m+2 LI | LI LJ 1 —kxvecsppr2 i Kxvcspp
VCLC.m+3 ' 1"| M1 M1 [ —Kxvesppr 2 | KxVCSpp

VCLC_m+4 —KXVCSpp.~2 KXxVCSpp

VCLC_m+5 | I I I —KXVCSpp.” 2 KXVCSpp

VCLC_m+6 —KXVCSpp./2 KXVCSpp

VCLC m+7 I I —KXVCSpp.~2 KX VCSpp



Patent Application Publication Mar. 24,2005 Sheet 12 of 15 US 2005/0062904 A1

FIG 12
1H
VGBL.m ]
VeH
VGBL_m+2 |_|
VGBLm+3 I—|
VGBL m+4 |_|
VGBL m+5 I’]
VGBL_m+6 |_|
VGBL_m+7 I—I
IH b
VCSBLtypeC [ $ vespp
EVCLCave Vaddpp
VCLC.m x —|_|_|_|' +KXVGCSpp 2 | KXVCSpp
bt Bl hned  bd  bd B b
VCLC m+1 x TN MO AT +kxvesep 2 | kKxvespp
siulalulalicl i
VCLC_m+2 x —uobupupy HKxvCSpp2 KX VGCSpp
VCLC_m+3 x | -L _|- +K xVCSpp.~2 K X VCSpp
VOLC_m+4 x —|_-|_ L L] +xxvesepr2 | KxVCSpp

ey pe gy g

| L L} +KxVCSpp.2 KxVCSpp

VCLC m+6 x 1 | | +KXVCSpp.2 KXVCSpp

VCLC m+5 x —]_

VCLC m+7 x _|J- B +KXVCSpp./2 KX VGSpp



Patent Application Publication Mar. 24,2005 Sheet 13 of 15 US 2005/0062904 A1l

FIG.13

1H
<>

VGBL_m

VgH
VGBL_m+1 Vel

VGBL m+2 — |_|

VGBL_m+3 ﬂ

VGBL_m+4 |_|

VGBL_m+5 rl

VGBL_m+6 l_l

VGBL_m+7 I—l

YosBkbeAl 'I_I'rLLI'rLLI'rLLI'rLLI'rLLi Yo

EVCLCave Vaddpp

VOLG_m x —‘1_rr"er"|_rrL|_r”'L 0 K X VCSpp
VCLC_m+1 x _I'rLL.I_rLLI'rLLI’rLL 0 K X VCSpp
VCLC.m+2 _‘erLer"er"L 0 K X VCSpp
VCLC_m+3 x —In_Ll'rLLI'rLI_ | 0 K X VCSpp
VCLC_m+4 x _LLIJ_LLFI—LL 0 K x VCSpp

VCLC_m+5 x 0 KxVCSpp

VOLC.m+6 x —LLIJ-LL 0 K X VCSpp

VCLC_m+7 x 0 KX VCSpp




Patent Application Publication Mar. 24,2005 Sheet 14 of 15 US 2005/0062904 A1l

FIG.14

1H

§<—>
VGBL.m I—l

VegH

VGBL m+1 Vel
VGBL.m+2 |—|
VGBL_m+3 I—l

VGBL_m+4 I_L
71

VGBL m+5
VGBL.m+6 |_|
VGBL_m+7 j I—I

2H 5
— #

V"SBLWB“‘LrnLlﬂuI"LHlLr”w_ YOS
VCSBLtypeBNZJ-LerLerLerLerLer$ VCSpp

EVCLCave Vaddpp

VCLGC_m x _LLIJ-LLFH'LI"H'LFH"L 0 K X VCSpp
VCLC.m+ x _LLI"rLLI"rLLFrLLI'r 0 K X VCSpp
VCLC_m+2 x _H_rrLer"uﬂL 0 K X VCSpp
VCLC m*3 x _I'Ll'rLLI'rLLI'r 0 K X VCSpp
VOLC_m+4 x _LLI'rLLlJ-LI_ 0 K X VGSpp

VCLC_m+5 x 0 K X VCSpp

VOLC_m+6 x _"LI'J-LL 0 K X VCSpp

VCLC_m+7 x

0 KX VCSpp



Patent Application Publication Mar. 24,2005 Sheet 15 of 15 US 2005/0062904 A1

FIG.15

1H
iéé
VGBL_m J—l VT
= VE
VGBL_m+1 FI VgL

VGBL_m+2 I_L
VGBL m+3 r—l

VGBL_m+4

VGBL_m+5 _-I

VGBL_m+6 '_I
VGBL m+7 — : I_I

" EVCLCave Vaddpp

VCLC.m x W 0 K X VCSpp
VCLC.m+1 x W 0 K X VCSpp
'VCLC.m+2 x | W 0 K X VCSpp
VCLGC.m#+3 x WWLLI'F 0 K X VCSpp
VCLC_m+4 x _II.IILI.I'I-I'LI'I-LLII 0 K X VGSpp

VCLC_m+5 x 0 KX VCSpp

VCLC_m+6 x _luﬂ.er 0 K X VCSpp

VCLC_m+7 x 0 KX VCSpp



US 2005/0062904 A1l

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application Nos. JP
2003-300177 filed Aug. 25, 2003 and JP 2004-232455 filed
on Aug. 9, 2004, the entire contents of each of which are
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device and a method for driving the device.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) is a flat-panel dis-
play that has a number of advantageous features including
high resolution, drastically reduced thickness and weight,
and low power dissipation. The LCD market has been
rapidly expanding recently as a result of tremendous
improvements in its display performance, significant
increases in its productivity, and a noticeable rise in its cost
effectiveness over competing technologies.

1. Field of the Invention

[0006] A twisted-nematic (TN) mode liquid crystal dis-
play device, which used to be used extensively in the past,
is subjected to an alignment treatment such that the major
axes of its liquid crystal molecules, exhibiting positive
dielectric anisotropy, are substantially parallel to the respec-
tive principal surfaces of upper and lower substrates and are
twisted by about 90 degrees in the thickness direction of the
liquid crystal layer between the upper and lower substrates.
When a voltage is applied to the liquid crystal layer, the
liquid crystal molecules change their orientation direction
into a direction that is parallel to the electric field applied. As
a result, the twisted orientation disappears. The TN mode
liquid crystal display device utilizes variation in the optical
rotatory characteristic of its liquid crystal layer due to the
change of orientation directions of the liquid crystal mol-
ecules in response to the voltage applied, thereby controlling
the quantity of light transmitted.

[0007] The TN mode liquid crystal display device allows
a broad enough manufacturing margin and achieves a high
productivity. However, the display performance (e.g., the
viewing angle characteristic, in particular) thereof is not
fully satisfactory. More specifically, when an image on the
screen of the TN mode liquid crystal display device is
viewed obliquely, the contrast ratio of the image decreases
significantly. In that case, even an image, of which the
grayscales ranging from black to white are clearly observ-
able when the image is watched straightforward, loses much
of the difference in brightness between those grayscales
when viewed obliquely. Furthermore, the grayscale charac-
teristic of the image being displayed thereon may sometimes
invert itself. That is to say, a portion of an image, which
looks darker when viewed straight, may look brighter when
viewed obliquely. This is a so-called “grayscale inversion
phenomenon”.

[0008] To improve the viewing angle characteristic of
such a TN mode liquid crystal display device, an inplane
switching (IPS) mode liquid crystal display device (see
Japanese Patent Gazette for Opposition No. 63-21907), a
multi-domain vertical aligned (MVA) mode liquid crystal
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display device (see Japanese Laid-Open Publication No.
11-242225), an axisymmetric aligned (ASM) mode liquid
crystal display device (see Japanese Laid-Open Publication
No. 10-186330), and a liquid crystal display device dis-
closed in Japanese Laid-Open Publication No. 2002-55343
were developed recently.

[0009] All of these were developed relatively recently as
TN mode liquid crystal display devices with improved
viewing angle characteristics. In a liquid crystal display
device operating in each of these newly developed wide
viewing angle modes, even when an image on the screen is
viewed obliquely, the contrast ratio never decreases signifi-
cantly or the grayscales never invert unlike the old-fash-
ioned TN mode liquid crystal display devices.

[0010] However, in the IPS or MVA mode liquid crystal
display device, the gray-scale voltage applied to the liquid
crystal layer needs to be controlled more precisely than in
the conventional TN mode liquid crystal display device.
This is because in the IPS or MVA mode liquid crystal
display device, the ratio o of the variation in luminance Y to
the variation in applied voltage V (i.e., a=AY/AV) is greater
than in the TN mode LCD.

[0011] Another reason is that the TN mode liquid crystal
display device usually conducts a display operation in
normally white (NW) mode whereas the IPS or MVA mode
liquid crystal display device needs to perform a display
operation in normally black (NB) mode.

[0012] In a normal display device with 256 grayscales (in
which the grayscale 0 represents the lowest brightness (i.e.,
black) and the grayscale 255 represents the highest bright-
ness (i.e., white)) and with its y characteristic controlled at
2.2, unevenness of display (i.e., unevenness in brightness) is
observed most remarkably when a color between grayscales
20 and 60 (i.e., a intermediate tone (gray) near black) is
displayed. In an NB mode liquid crystal display device, the
ratio o of the variation in luminance to the variation in
applied voltage at such an intermediate tone near black is
greater than that of an NW mode liquid crystal display
device. For that reason, to reduce the unevenness of display,
the voltage applied to the liquid crystal layer needs to be
controlled highly precisely.

[0013] Accordingly, in the IPS or MVA mode liquid
crystal display device, the patterning accuracy of TFTs and
other circuit components and the performance of driver
circuits (including various signal voltage generators) must
be increased, thus raising the manufacturing cost signifi-
cantly. Stated otherwise, if the patterning accuracy of TFTs
and other circuit components and the performance of driver
circuits were almost the same, the IPS or MVA mode liquid
crystal display device would exhibit lower uniformity (or
display quality) and lower resolution than the conventional
TN mode liquid crystal display device when the image on
the screen is viewed straightforward.

[0014] As described above, the unevenness of display due
to the high luminance-applied voltage variation ratio
(0=AY/AV) is much more significant in the IPS or MVA
mode liquid crystal display device than in the conventional
TN mode liquid crystal display device (and more significant
in an NB mode liquid crystal display device than in an NW
liquid crystal display device). Nevertheless, this problem is
commonly observed in every liquid crystal display device,
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although their degrees are different. And if that ratio of the
variation in luminance to the variation in applied voltage
(i.c., a=AY/AV) can be reduced, the display quality can be
improved in any liquid crystal display device operating in
any mode.

SUMMARY OF THE INVENTION

[0015] In order to overcome the problems described
above, preferred embodiments of the present invention pro-
vide a liquid crystal display device that can present an image
of quality with the unevenness of display minimized and
also provide a liquid crystal display device that can be driven
with a reduced applied voltage.

[0016] A liquid crystal display device according to a
preferred embodiment of the present invention includes a
plurality of pixels, each of which includes a liquid crystal
capacitor made up of a liquid crystal layer and two elec-
trodes to apply a voltage to the liquid crystal layer.

[0017] While the device is conducting a display operation,
an oscillation voltage, which oscillates a number of times
within a single vertical scanning period, and a predeter-
mined gray-scale voltage are applied to the liquid crystal
capacitor of an arbitrary one of the pixels.

[0018] Aliquid crystal display device according to another
preferred embodiment of the present invention includes a
plurality of pixels, each of which includes a liquid crystal
capacitor made up of a liquid crystal layer and two elec-
trodes to apply a voltage to the liquid crystal layer. In an
arbitrary vertical scanning period, a predetermined gray-
scale voltage is applied to one of the two electrodes of an
arbitrary one of the pixels and an oscillation voltage, which
oscillates a number of times within a single vertical scanning
period, is applied to either the same electrode or the other
electrode of the arbitrary pixel.

[0019] A liquid crystal display device according to still
another preferred embodiment of the present invention
includes: a plurality of pixels, each of which includes a
liquid crystal capacitor made up of a liquid crystal layer and
two electrodes to apply a voltage to the liquid crystal layer;
a gray-scale voltage generator for generating a gray-scale
voltage in accordance with a display signal; a counter
voltage generator for generating a counter voltage; and an
oscillation voltage generator for generating an oscillation
voltage that oscillates a number of times within a single
vertical scanning period. In an arbitrary vertical scanning
period, the gray-scale voltage is applied to one of the two
electrodes of an arbitrary one of the pixels, the counter
voltage is applied to the other electrode of the arbitrary
pixel, and the oscillation voltage is applied to either the one
or the other electrode of the arbitrary pixel.

[0020] In one preferred embodiment of the present inven-
tion, in each of the pixels, the two electrodes of the liquid
crystal capacitor are a pixel electrode, which is provided for
each said pixel, and a counter electrode, which applies a
common counter voltage to all of the pixels. The gray-scale
voltage is applied to the pixel electrode and the oscillation
voltage is applied to the counter electrode.

[0021] In another preferred embodiment, each said pixel
further includes a storage capacitor. The liquid crystal
capacitor includes a pixel electrode, which is provided for
each said pixel, and a counter electrode, which is provided
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for all of the pixels in common. The storage capacitor
includes a first electrode, which is electrically connected to
the pixel electrode, an insulating layer, and a second elec-
trode, which faces the first electrode with the insulating layer
interposed between the first and second electrodes. The
oscillation voltage is applied to the second electrode.

[0022] In this particular preferred embodiment, the pixels
are arranged in columns and rows. In an arbitrary vertical
scanning period, the respective second electrodes of all
pixels belonging to an arbitrary one of the rows are electri-
cally connected together.

[0023] More specifically, the oscillation voltages applied
to the respective second electrodes of the pixels belonging to
the arbitrary row are substantially equal to each other.

[0024] 1In a specific preferred embodiment, the oscillation
voltage includes a first oscillation voltage and a second
oscillation voltage, which is different from the first oscilla-
tion voltage. The oscillation voltages applied to the respec-
tive second electrodes of the pixels belonging to the arbi-
trary row during the arbitrary vertical scanning period are
either the first oscillation voltage or the second oscillation
voltage.

[0025] 1In that case, in an arbitrary vertical scanning
period, the first oscillation voltage is applied to the respec-
tive second electrodes of all pixels belonging to one of two
mutually adjacent rows, and the second oscillation voltage is
applied to the respective second electrodes of all pixels
belonging to the other row.

[0026] More specifically, the first and second oscillation
voltages both have a period corresponding to two horizontal
scanning periods, and have the same amplitude but a phase
difference of 180 degrees.

[0027] In another preferred embodiment, in the arbitrary
vertical scanning period, the oscillation voltage applied to
the respective second electrodes of the pixels changes every
m consecutive rows.

[0028] In that case, each of the periods of the oscillation
voltage, which also changes every m consecutive rows, is m
times as long as one horizontal scanning period and has the
same amplitude.

[0029] In still another preferred embodiment, the oscilla-
tion voltages applied to the respective second electrodes of
the pixels during the arbitrary vertical scanning period are
substantially equal to each other.

[0030] In this particular preferred embodiment, the oscil-
lation voltages have a period corresponding to one horizon-
tal scanning period.

[0031] In yet another preferred embodiment, the liquid
crystal display device further includes a TFT, which is
provided for each said pixel, and a gate bus line and a source
bus line, which are connected to each TFT. The respective
second electrodes of the pixels belonging to the arbitrary
row are connected to the gate bus line associated with the
[OW.

[0032] Inyetanother preferred embodiment, the pixels are
arranged in columns and rows. The liquid crystal display
device further includes a TFT, which is provided for each
said pixel, a gate bus line and a source bus line, which are
connected to each TFT, and a plurality of CS bus lines. Each
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of the CS bus lines connects together the respective second
electrodes of pixels belonging to an associated one of the
rows. In the CS bus lines, there are an even number of
electrically independent CS bus lines.

[0033] In yet another preferred embodiment, the voltage
waveform of the oscillation voltage includes at least three
potentials including two potentials that define maximum
amplitude and another potential equal to an average poten-
tial.

[0034] In yet another preferred embodiment, supposing
the storage capacitor has a capacitance CCS, the liquid
crystal capacitor has a minimum capacitance CLC_min and
an electro-optic characteristic of the liquid crystal layer has
a threshold voltage Vth, the effective value of the oscillation
voltage is at least one-tenth of, and at most equal to,
Vth-{(CCS+CLC_min)/CCS}.

[0035] In yet another preferred embodiment, the effective
value of the oscillation voltage is at least one-tenth of, and
at most equal to, the electro-optic threshold voltage Vth of
the liquid crystal layer.

[0036] In yet another preferred embodiment, the oscilla-
tion voltage oscillates in a period that is an integral number
of times as long as one horizontal scanning period.

[0037] In yet another preferred embodiment, the oscilla-
tion voltage oscillates in a period corresponding to one
horizontal scanning period.

[0038] In yet another preferred embodiment, the liquid
crystal display device conducts a display operation in nor-
mally black mode.

[0039] An LCD driving method according to a preferred
embodiment of the present invention is a method for driving
a liquid crystal display device including a plurality of pixels,
each of which includes a liquid crystal capacitor made up of
a liquid crystal layer and two electrodes to create a potential
difference in the liquid crystal layer. The method includes
the steps of: applying an oscillation voltage, which oscillates
in a period that is shorter than one vertical scanning period,
to the liquid crystal capacitors of all of the pixels in an
arbitrary vertical scanning period; and applying gray-scale
voltages, which are associated with the respective pixels, to
the respective liquid crystal capacitors thereof while the
oscillation voltage is being applied.

[0040] According to any of various preferred embodi-
ments of the present invention described above, an oscilla-
tion voltage is applied, as a superposed voltage on a gray-
scale voltage, to each liquid crystal capacitor. Thus, the ratio
of the variation in luminance to the variation in gray-scale
voltage (i.e., the gradient of a V-Y curve) can be reduced. As
a result, the unevenness of display can be minimized and an
image of quality can be displayed. The ratio of the variation
in luminance to the variation in gray-scale voltage can be
reduced particularly effectively in a range where the gray-
scale voltage is relatively low. For that reason, the display
quality of an NB mode liquid crystal display device, among
other things, can be improved significantly. In addition, by
superposing the oscillation voltage, the threshold voltage of
the electro-optic characteristic can be reduced, thus provid-
ing a liquid crystal display device that can be driven with a
lower applied voltage.
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[0041] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1A schematically shows the configuration of
a conventional typical LCD 10 and FIG. 1B shows an
exemplary driving method thereof.

[0043] FIG. 2A schematically shows the configuration of
an LCD 20 according to a preferred embodiment of the
present invention and FIG. 2B shows an exemplary driving
method thereof.

[0044] FIG. 3A schematically shows the configuration of
an LCD 30 according to another preferred embodiment of
the present invention and FIG. 3B shows an exemplary
driving method thereof.

[0045] FIG. 4 is a graph showing how the voltage applied
to the liquid crystal layer changes with the gray-scale
voltage in an LCD according to a preferred embodiment of
the present invention.

[0046] FIGS. 5A and 5B are graphs each showing the
gray-scale voltage dependence of the luminance Y of an
LCD (i.e., the V-Y characteristic) using the Vaddrms value
as a parameter:

[0047] FIG. 5A shows the V-Y characteristics of an LCD
operating in an NB mode; and

[0048] FIG. 5B shows the V-Y characteristics of an LCD
operating in an NW mode such as the TN mode.

[0049] FIGS. 6A, 6B and 6C show how the display
unevenness can be reduced by decreasing the ratio of the
variation in luminance Y to the variation in gray-scale
voltage (V2)xV_sigpp (i.e., AY/A(%5)xV_sigpp):

[0050]

[0051] FIG. 6B is a graph showing how the luminance Y
changes with the gray-scale N; and

[0052] FIG. 6C is a graph showing how the gray-scale
voltage (/2)xV_sigpp changes with the gray-scale N.

[0053] FIG. 7 is a graph showing how the ratio of the
variation AY in luminance Y (with respect to the variation in
gray-scale voltage) to the display luminance Y (i.e., AY/Y
ratio) decreases in an LCD according to a preferred embodi-
ment of the present invention.

[0054] FIG. 8 schematically shows an electrical equiva-
lent circuit of an active-matrix-addressed LCD 40 according
to a preferred embodiment of the present invention.

[0055] FIG. 9 schematically shows the waveforms of
various signals to explain a method for driving the active-
matrix-addressed L.CD according to the preferred embodi-
ment of the present invention.

[0056] FIG. 10 shows, by way of gate bus line voltage
waveforms, an exemplary CS bus line voltage (type A) and
the voltage waveforms of the liquid crystal capacitors CLC
for a number of rows, how the voltages VCLC being applied
to the liquid crystal capacitors CLC change with the oscil-
lation state of VCSBL.

FIG. 6A is a graph showing V-Y characteristics;
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[0057] FIG. 11 shows, by way of gate bus line voltage
waveforms, a pair of exemplary CS bus line voltages (types
B1 and B2) and the voltage waveforms of the liquid crystal
capacitors CLC for a number of rows, how the voltages
VCLC being applied to the liquid crystal capacitors CLC
change with the oscillation state of VCSBL.

[0058] FIG. 12 shows, by way of gate bus line voltage
waveforms, another exemplary CS bus line voltage (type C)
and the voltage waveforms of the liquid crystal capacitors
CLC for a number of rows, how the voltages VCLC being
applied to the liquid crystal capacitors CLC change with the
oscillation state of VCSBL.

[0059] FIG. 13 shows, by way of gate bus line voltage
waveforms, an exemplary CS bus line voltage (type AN) and
the voltage waveforms of the liquid crystal capacitors CLC
for a number of rows, how the voltages VCLC being applied
to the liquid crystal capacitors CLC change with the oscil-
lation state of VCSBL.

[0060] FIG. 14 shows, by way of gate bus line voltage
waveforms, a pair of exemplary CS bus line voltages (types
BN1 and BN2) and the voltage waveforms of the liquid
crystal capacitors CLC for a number of rows, how the
voltages VCLC being applied to the liquid crystal capacitors
CLC change with the oscillation state of VCSBL.

[0061] FIG. 15 shows, by way of gate bus line voltage
waveforms, another exemplary CS bus line voltage (type
CN) and the voltage waveforms of the liquid crystal capaci-
tors CLC for a number of rows, how the voltages VCLC
being applied to the liquid crystal capacitors CLC change
with the oscillation state of VCSBL.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0062] Hereinafter, a liquid crystal display device and its
driving method according to preferred embodiments of the
present invention will be described with reference to the
accompanying drawings.

[0063] First, a conventional typical LCD driving method
will be described with reference to FIGS. 1A and 1B.

[0064] FIG. 1A schematically illustrates the configuration
of one pixel in a conventional typical LCD 10. This pixel
includes a liquid crystal capacitor 10a consisting of a liquid
crystal layer 11 and two electrodes (namely, a pixel electrode
12 and a counter electrode 14) for applying a potential to the
liquid crystal layer 11. A predetermined gray-scale voltage
V_sig is applied from a gray-scale voliage generator 16 to
the pixel electrode 12, while a counter voltage is applied
from a counter voltage generator 18 to the counter electrode
14.

[0065] In an active-matrix-addressed LCD, each pixel
usually has a storage capacitor to hold the voltage at the
liquid crystal capacitor 10a and an active component such as
a TFT, the illustration of which is omitted from FIG. 1A for
the sake of simplicity. Also, in FIG. 1A, the pixel electrode
12 and counter electrode 14 are illustrated as defining a
parallel plate structure and facing each other with the liquid
crystal layer 11 interposed between them. However, as in the
IPS mode LCD mentioned above, the pixel electrode 12 and
counter electrode 14 may define a comb electrode structure
on the same substrate.
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[0066] FIG. 1B schematically shows the respective wave-
forms of the gray-scale voltage V_sig applied to the pixel
electrode 12, the counter voltage V_com applied to the
counter electrode 14, and a voltage V_LC applied to the
liquid crystal capacitor 10a.

[0067] The gray-scale voltage V_sig is a rectangular
wave, which has an amplitude V_sigpp representing the
display luminance (or gray scale) and which oscillates in a
period that is twice as long as one vertical scanning period
(that is equal herein to one frame period Tf). On the other
hand, the counter voltage V_com is a direct current voltage,
which is constant irrespective of the display luminance and
with respect 1o the time axis. The counter voltage V_com is
defined such that the average value V_L.Cave of the voltage
V_LC applied to the liquid crystal capacitor 102 becomes
equal to 0 V. Accordingly, the effective value V_L.Crms of
the voltage V_LC (=V_sig-V_com) applied to the liquid
crystal capacitor 10a (or the liquid crystal layer 11) becomes
a rectangular wave, of which the effective value is a half of
the amplitude V_sigpp of the gray-scale voltage V_sig and
of which the period is twice as long as Tf. Consequently, in
the conventional typical LCD, the effective value V_LCrms
of the voltage V_LC applied to the liquid crystal capacitor
10a is always a half of V_sigpp irrespective of the gray scale
to display (i.e., at any gray scale from black through white).

[0068] The voltage V_LC applied to the liquid crystal
capacitor 10z needs to be a rectangular wave oscillating in
a period that is twice as long as Tf and inverting its polarity
every frame period Tf to improve the reliability of the LCD.
Thus, it is common to set the polarity inversion interval (i.e.,
a half of the inversion period) equal to one vertical scanning
period (which may be equal to one frame period of approxi-
mately 16.7 ms).

[0069] As used herein, “one vertical scanning period” is
defined as a period of time that passes after a scan line was
selected and until the next scan line is selected. Thus, one
vertical scanning period is equal to one frame period in a
non-interlaced driving method and to one field period in an
interlaced driving method, respectively. Also, within each
vertical scanning period, the interval between a time at
which one scan line is selected and a time at which the next
scan line is selected will be referred to herein as “one
horizontal scanning period (1H)”.

[0070] Next, the configuration of an LCD 20 according to
a preferred embodiment of the present invention and its
driving method will be described with reference to FIGS.
2A and 2B.

[0071] FIG. 2A schematically illustrates the configuration
of one pixel in the LCD 20. In FIG. 2A, each component
having substantially the same function as the counterpart
shown in FIG. 1A is identified by an identical reference
numeral and the description thereof will be omitted herein.
In addition to every component of the LCD 10 shown in
FIG. 1A, the LCD 20 further includes an oscillation voltage
generator 17.

[0072] In the LCD 20, an oscillation voltage Vadd gener-
ated by the oscillation voltage generator 17 is applied to the
pixel electrode 12. Accordingly, not only the predetermined
gray-scale voltage V_sig but also the oscillation voltage
Vadd are applied to the pixel electrode 12 from the gray-
scale voltage generator 16 and oscillation voltage generator
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17, respectively. In FIG. 2A, the output of the oscillation
voltage generator 17 is directly supplied to the pixel elec-
trode 12. However, as will be described later, if a storage
capacitor is connected to the pixel electrode 12, then the
oscillation voltage may be applied to the pixel electrode 12
indirectly by way of the storage capacitor by applying the
oscillation voltage to the electrodes that make up the storage
capacitor.

[0073] As shown in FIG. 2B, the gray-scale voltage
generator 16 and counter voltage generator 18 output the
same gray-scale voltage V_sig and the same counter voltage
V_com as those shown in FIG. 1B.

[0074] The oscillation voltage Vadd generated by the
oscillation voltage generator 17 is a rectangular wave, which
has a constant amplitude Vaddpp that never changes irre-
spective of the display luminance (or gray-scale), has an
average oscillation voltage Vaddave of 0 volts, and oscillates
in a period that is twice as long as Tadd (where Tadd<Tf). To
increase the uniformity of display, Tadd is preferably
obtained by dividing Tf by an integer. That is to say,
Tadd=Tf72, Tf/3, Tf/4, . . ., and Tf/k (where k is a natural
number) is preferably satisfied. More preferably, k>100 is
satisfied.

[0075] The gray-scale voltage V_sig and oscillation volt-
age Vadd are applied to the pixel electrode 12 and the
counter voltage V_com is applied to the counter electrode
14. As a result, the voltage applied to the liquid crystal
capacitor 10z is obtained by superposing the oscillation
voltage Vadd having an amplitude Vaddpp and an oscillation
period that is twice as long as Tadd on the rectangular wave
having an oscillation period that is twice as long as Tf and
an effective value that is a half of V_sigpp (ie., the same
voltage as that of the typical LCD shown in FIG. 1).

[0076] Accordingly, in the LCD 20 of this preferred
embodiment, even if V_sigpp is zero, the effective value of
the voltage V_LC applied to the liquid crystal capacitor 10a
does not become zero but a half of the amplitude Vaddpp of
the oscillation voltage (i.c., Vaddrms).

[0077] Also, the greater the difference between the gray-
scale voltage (Y4)xV_sigpp generated by the gray-scale
voltage generator 16 and the effective value Vaddrms of the
oscillation voltage, the closer to the gray-scale voltage
(2)xV_sigpp the effective value of the voltage V_LCrms
applied to the liquid crystal capacitor 10a. That is to say, in
a range where the gray-scale voltage (14)xV_sigpp has a
small value, the effective voltage V_LCrms applied to the
liquid crystal capacitor 10a does not change so much even
when the gray-scale voltage changes. This is the prime
feature of the present invention, which is essentially differ-
ent from the conventional typical LCD.

[0078] Next, the configuration and operation of an LCD
30 according to another preferred embodiment of the present
invention will be described with reference to FIGS. 3A and
3B.

[0079] The LCD 30 has a configuration in which the
output of the oscillation voltage generator 17 is supplied to
the counter electrode 14. As shown in FIG. 3B, the voltages
generated by the gray-scale voltage generator 16, oscillation
voltage generator 17 and counter voltage generator 18 are
the same as the counterparts shown in FIG. 2B.
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[0080] The oscillation voltage Vadd is applied to the pixel
electrode 12 in the LCD 20 but to the counter electrode 14
in the LCD 30, respectively. However, both of the pixel
electrode 12 and counter electrode 14 are electrodes that
make up the liquid crystal capacitor 10a. Accordingly, the
voltage V_LC applied to the liquid crystal capacitor 10z as
shown in FIG. 3B has essentially the same waveform as that
shown in FIG. 2B. As a result, the same essential function
of the present invention is achieved by this LCD 30 as well
as by the LCD 20 shown in FIG. 2B.

[0081] Next, it will be described with reference to FIGS.
4 and 5 exactly what effects are achieved by additionally
applying (i.e., as a superposition) the oscillation voltage
Vadd to the liquid crystal capacitor 10a.

[0082] FIG. 4 is a graph showing the gray-scale voltage
dependence of the voltage V_LCrms applied to the liquid
crystal capacitor 10a using the Vaddrms value as a param-
eter. In FIG. 4, the abscissa represents the gray-scale voltage
(2)xV_sigpp. The Vaddrms value was supposed to be one of
the four values of 0 Vrms, A Vrms, B Vrms and C Vrms
(where 0 Vrms<A Vrms<B Vrms<C Vrms). The effective
Vrms values of A, B and C were supposed to be 1.5 Vrms,
2.0 Vims, and 2.5 Vrms, respectively. As described above,
when the gray-scale voltage (4)xV_sigpp is 0 V, the
V_LCrms value is equal to the Vaddrms value. Also, the
greater the gray-scale voltage value, the closer to the gray-
scale voltage value the V_LCrms value becomes.

[0083] As can be seen from FIG. 4, as the Vaddrms value
increases, the ratio of the variation in V_LCrms to the
variation in gray-scale voltage (%5)xV _sigpp (i.¢., the gra-
dient of the curve, or AV_LCrms/A(%4)xV_sigpp) decreases
in a range with a low gray-scale voltage (i.c., where the
voltage (2)xV_sigpp is low). Compared with the line rep-
resenting Vaddrms=0 Vrms in FIG. 4 (which corresponds to
the conventional LCD), it can be seen that AV_LCrms/
A(%)xV_sigpp can be reduced by applying the oscillation
voltage Vaddrms. It can also be seen that this effect is
significant when the gray-scale voltage (/2)xV_sigpp is
relatively low.

[0084] FIGS. 5A and 5B are graphs each showing the
gray-scale voltage dependence of the luminance Y of an
LCD (i.e., the V-Y characteristic) using the Vaddrms value
as a parameter. [n FIGS. 5A and 5B, the abscissa represents
the gray-scale voltage (14)xV_sigpp. Specifically, FIG. 5A
shows the V-Y characteristic of an LCD operating in an NB
mode such as the MVA mode or IPS mode, while FIG. 5B
shows the V-Y characteristic of an LCD operating in an NW
mode such as the TN mode. This V-Y characteristic will be
sometimes referred to herein as the “electro-optic charac-
teristic of the liquid crystal layer”.

[0085] As can be seen from FIGS. 5A and 5B, as the
Vaddrms value increases, the ratio of the variation in lumi-
nance Y to the variation in gray-scale voltage (¥)xV_sigpp
(i.e., the gradient of the curve, or AY/A(%4)xV_sigpp)
decreases in a range with a low gray-scale voltage (i.e.,
where the voltage (Y2)xV_sigpp is low).

[0086] First, referring to FIG. 5A, it can be seen that the
greater the Vaddrms value, the smaller the threshold voltage
Vth in the V-Y characteristic (i.e., the voltage at which the
luminance starts to rise: approximately 2.2 V when Vadd=0
Vrms). Once the Vaddrms value exceeds the threshold
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voltage (of approximately 2.2 V) when Vadd=0 Vrms, the
threshold voltage disappears (see the curve representing
Vadd=C Vrms). Accordingly, once Vaddrms exceeds the
threshold voltage Vth of the V-Y characteristic when
Vadd=0 Vims, a sufficiently low luminance (i.c., a black
display state) cannot be achieved and the display contrast
ratio decreases significantly even by setting the gray-scale
voltage (¥2)xV_sigpp equal to 0 V. However, it is naturally
possible to maintain a sufficient display contrast ratio and a
rather low threshold voltage by setting the Vaddrms value
appropriately. The effective Vadd value is preferably at least
one-tenth as large as, and at most equal to, the threshold
voltage Vth of the V-Y characteristic. This reason is that if
the effective Vadd value were less than one-tenth of Vth,
good effects would not be achieved even by adding Vadd but
if the Vadd value exceeded Vth, the contrast ratio should
decrease.

[0087] FIG. 5B shows the V-Y characteristics obtained by
applying the present invention to the TN mode. It can be
seen from FIG. 5B that as the effective Vadd value
increases, the V-Y characteristic shifts toward lower volt-
ages. That is to say, it can be seen that a liquid crystal display
device to be driven with a lower voltage can be obtained
according to the present invention.

[0088] Next, it will be described with reference to FIGS.
6A, 6B, 6C and 7 how the display unevenness can be
reduced by decreasing the ratio of the variation in luminance
Y to the variation in gray-scale voltage (YA)xV_sigpp (i.e,,
AY/A(*2)xV_sigpp) in a range where the gray-scale voltages
are relatively low. As described above, the display uneven-
ness can be reduced particularly significantly in an NB mode
LCD. Thus, the following description will relate to an NB
mode LCD. FIG. 6A is a graph showing V-Y characteristics
in a situation where Vadd=B Vrms (in an LCD according to
a preferred embodiment of the present invention) and a
situation where Vadd=0 Vrms (in a conventional LCD).

[0089] The reduction of the display unevenness was evalu-
ated by using the ratio of the variation AY in luminance to
a predetermined variation AV in gray-scale voltage (%5)x
V_sigpp as an index. The variation AY in luminance was
calculated with respect to a luminance Y associated with an
arbitrary gray scale N. The gray scale (N) dependence of the
display luminance (Y) of a typical LCD is defined as shown
in FIG. 6B.

[0090] If the given LCD has one of the V-Y characteristics
shown in FIG. 6A, then the gray-scale voltage needs to be
set with respect to the gray scale N as shown in FIG. 6C to
achieve the gray-scale dependence of the display luminance
as shown in FIG. 6B.

[0091] Suppose the gray-scale voltage being applied to the
liquid crystal capacitor changes from a predetermined gray-
scale voltage Vn by AV while an arbitrary gray scale Nn is
being displayed. In that case, the display luminance changes
by AY. This variation AV is produced in the gray-scale
voltage being applied to the liquid crystal capacitor due to
the precision of the gray-scale voltage generator or some
variation in the characteristic of TFTs included in the LCD
(i-e., due to a variation accompanying a normal manufac-
turing process).

[0092] Also, even if the variation AV resulting from a
manufacturing process is the same, the unevenness of lumi-
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nance as observed in an LCD also changes with the V-Y
characteristic of the LCD. More specifically, the steeper the
display gray-scale dependence of the gray-scale voltage
(2)xV_sigpp shown in FIG. 6C (i.e., the gentler the gray-
scale voltage ((*2)xV_sigpp) dependence of the luminance
(Y)), the smaller the AY value and the less noticeable the
display unevenness. As shown in FIG. 6A, the LCD of this
preferred embodiment can diminish the gray-scale voltage
dependence of the display luminance, and therefore, can also
directly reduce the display unevenness as a result.

[0093] FIG. 7 shows, using the magnitude of Vaddrms as
a parameter, how AY/Y, which is an index to display
unevenness, depends on the gray-scale N in the LCD of this
preferred embodiment. The results shown in FIG. 7 were
obtained when 256 display gray scales N from No. 0 through
No. 255 were used and the gray-scale voltage had a variation
AV of 10 mV. As can be seen from FIG. 7, when Vadd=0
Vrms as in the conventional typical LCD, the AY/Y reached
its maximum around gray scale No. 32. This result agrees
with the result of subjective evaluation obtained by actually
viewing a typical LCD with the eyes. Thus, it can be
confirmed that the AY/Y value can be used effectively as an
index to display unevenness.

[0094] As can be seen from FIG. 7, as the Vadd value
increases, the AY/Y value decreases, and therefore, the
display unevenness decreases, too. More specifically, when
Vadd=B Vrms=2.0 Vrms, the maximum AY/Y value is about
one-third of that of the conventional LCD (Vadd=0 Vrms).

[0095] As described above, while an LCD according to a
preferred embodiment of the present invention is conducting
a display operation, an oscillation voltage Vadd and a
gray-scale voltage (Y42)xV_sigpp are applied to the liquid
crystal capacitor, thus improving the gray-scale voltage
dependence of the display luminance. It should be noted that
the oscillation voltage may be a signal that oscillates a
number of times within one vertical scanning period. The
oscillation voltage to be applied to the liquid crystal capaci-
tor may be applied to one of the two electrodes (i.e., pixel
electrode and counter electrode) that make up the liquid
crystal capacitor. Thus, the voltage may be applied to either
the pixel electrode or the counter electrode. Also, in apply-
ing the oscillation voltage to the pixel electrode, there is no
need to directly supply the output of the oscillation voltage
generator to the pixel electrode. For example, in an active-
matrix-addressed LCD in which each pixel includes a
switching element such as a TFT and in which a storage
capacitor is electrically connected to a liquid crystal capaci-
tor, the oscillation voltage may be applied to one of the two
electrodes that make up the storage capacitor.

[0096] Hereinafter, the configuration and operation of an
active-matrix-addressed LCD according to a preferred
embodiment of the present invention will be described.

[0097] First, an electrical equivalent circuit of a typical
active-matrix-addressed LCD 40 according to a preferred
embodiment of the present invention will be described with
reference to FIG. 8.

[0098] As shown in FIG. 8, the active-matrix-addressed
LCD 40 includes a plurality of pixels, each of which
includes a TFT (e.g., TFT mn), a liquid crystal capacitor
(e.g., CLC_mn) and a storage capacitor (¢.g., CCS_mn).
Each and every pixel can be represented by substantially the
same electrical equivalent circuit.
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[0099] The pixel including the TFT TFT mn will be
described. The gate terminal of TFT mn is connected 10 a
gate bus line (scan line) GBL_m, the source terminal thereof
is connected to a source bus line (data line) SBL_n and the
drain terminal thereof is connected to one of the two
electrodes making up the liquid crystal capacitor CLC_mn
(ie., the pixel electrode PH_mn in this case) and to one of
the two electrodes making up the storage capacitor CCS_mn
(ie., the storage capacitor electrode CSH_mn in this case).
The other electrode of the liquid crystal capacitor CLC_mn
is connected to a liquid crystal capacitor counter electrode
ComLC. The other electrode of the storage capacitor
CCS_mn (i.e., storage capacitor counter electrode) is con-
nected to a CS bus line CSBL_m. The counter electrode
ComLC is typically provided in common for all pixels so
that substantially the same voltage can be applied to the
liquid crystal capacitor counter electrode of every liquid
crystal capacitor CLC_mn. Also, the CS bus line CSBL_m
is used as a common electrode at least in the row direction
so that substantially the same voltage can be applied to the
storage capacitor counter electrode of every storage capaci-
tor CCS_mn belonging to a pixel on each row.

[0100] Hereinafter, a method for driving the active-ma-
trix-addressed LCD 40 of this preferred embodiment with
the oscillation voltage Vadd applied to each pixel thereof
will be described.

[0101] In the LCD 40, by applying the oscillation voltage
to at least one of the CS bus line CSBL_m and the liquid
crystal capacitor counter electrode ComLC, the oscillation
voltage Vadd with the oscillation amplitude Vaddpp can be
applied to each pixel of the LCD 40 and the effects described
above can be achieved. First, a situation where the oscilla-
tion voltage is applied to the CS bus line CSBL_m con-
nected to the storage capacitor counter electrode of the
storage capacitor CCS_mn will be described.

[0102] In the following description, the driving method
will be described on only the liquid crystal capacitor
CLC_mn for just one vertical scanning period for the sake
of simplicity. That is to say, it will be described how to
superpose the oscillation voltage Vadd on the voltage
VCLC_mn applied to the liquid crystal capacitor CLC_mn
during the single vertical scanning period. By reference to
the following description, it would be easy to find how to
superpose the oscillation voltage on the voltage to be applied
to the liquid crystal capacitor in a plurality of pixels,
multiple vertical scanning periods, or any of various inver-
sion drive methods for use in a typical LCD.

[0103] FIG. 9 schematically shows the respective wave-
forms of voltages to be applied to the source bus line SBL n,
gate bus line GBL_m, CS bus line CSBL_m and pixel
electrode PH_mn in ‘the LCD 40. Spec1ﬁcally, portion (a) of
FIG. 9 shows the waveform VSBL_n of the voltage to be
applied to the source bus line SBL _n; portion (b) of FIG. 9
shows the waveform VCSBL_m of the voltage to be applied
to the CS bus line CSBL_m; portion (c) of FIG. 9 shows the
waveform VGBL_m of the voltage to be applied to the gate
bus line GBL_m; and portion (d) of FIG. 9 shows the
waveform VPH_mn of the voltage to be applied to the pixel
electrode PH_mn. In each of these portions (a) through (d)
of FIG. 9, the horizontal dashed line represents the wave-
form of the voltage VComLC to be applied to the liquid
crystal capacitor counter electrode ComLC.
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[0104] In this preferred embodiment, to superpose the
oscillation voltage Vadd on the voltage VCLC applied to the
liquid crystal capacitor, the waveform VCSBL_m is an
oscillation voltage (i.e., a rectangular wave). The oscillation
voltage VCSBL_m has an amplitude VCSpp and oscillates
in a period that is shorter than one vertical scanning period.

[0105] When VGSL changes form Vg-L into Vg-H at a
time T1, TFT mn is turned ON. As a result, the voltage
VSBLt1 on the source bus line SBL _n is transmitted to the
pixel electrode PH_mn, thereby charging the liquid crystal
capacitor CLC_mn and storage capacitor CCS_mn. Accord-
ingly, the voltage VPH_mn applied to the pixel electrode
PH_mn is
VPH_mn=VSBLt1

[0106] Next, when the voltage on the gate bus line
GBL_m changes from Vg-H into Vg-L at a time T2,
TFT_mn is turned OFF, thereby electrically isolating the
liquid crystal capacitor CLC_mn and storage capacitor
CCS_mn from the source bus line SBL_n. Immediately after
that, the voltage VPH_mn decreases by a feedthrough voli-
age Vd due to a parasitic capacitance produced by the
active-matrix structure, for example, to become

VPH_mn=VSBLt1-Vd

[0107] Next, at a time T3, the voltage VCSBL_m on the
CS bus line CSBL_um connected to the storage capacitor
CCS_mn decreases by VCSpp. As a result, VPH_mn
becomes

VPH_mn=VSBLt1-Vd-KxVCSpp
[0108] where K=CCS/{CLC+CCS).

[0109] Subsequently, at a time T4, the voltage
VCSBL_um increases by VCSpp. As a result, VPH_mn
becomes

VPH_mn=VSBLt1-Vd

[0110] Thereafter, at a time TS, the voltage VCSBL_um
decreases by VCSpp. As a result, VPH_mn becomes

VPH_mn=VSBL(T1)-Vd-KxVCSpp

[0111] Accordingly, between the times T3 and T4,
VPH_mn is

VPH_mn=VSBL{1-Vd-KxVCSpp

[0112] and between the times T4 and TS, VPH_mn is
VPH_mn=VSBL11-Vd
[0113] The variation in the voltage VPH_mn between the

times T3 and T5 will repeat itself a number “of times until the
pixel is updated next time (i.e., until it is a time correspond-
ing to T1, or until one Vertical scanning period has passed
since T1). Thus, the oscillation voltage Vadd can be super-
posed on the voltage VPH_mn being applied to the pixel
electrode PH_mn. Consequently, the effects of the present
invention are achieved in an active-matrix-addressed LCD,
t00.

[0114] Next, the oscillation voltage to be superposed on
the voltage being applied to the liquid crystal capacitor will
be described.

[0115] The amplitude Vaddpp of the oscillation voltage
Vadd superposed on the voltage VPH_mn being applied to
the pixel electrode PH_mn is the difference between the
voltage VPH_mn applied from the time T3 through the time
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T4 and the voltage VPH_mn applied from the time T4
through the time T5. Thus, the amplitude Vaddpp is:

Vaddpp=KxVCSpp

[0116] The amplitude Vaddpp of the oscillation voltage
Vadd superposed on the voltage VPH_mn being applied to
the pixel electrode PH_mn is proportional to the amplitude
VCSpp of the oscillation voltage VCSBL_m on the CS bus
line CSBL_m. The voltage VCLC_mn= apphed to the liquid
crystal capacitor CLC_mn is obtained by subtracting the
voltage VComLC at the liquid crystal capacitor counter
electrode ComLC from the voltage VPH_mn at the pixel
electrode PH_mn:

VCLC_mn=VPH_mn-VComLC

[0117] In this preferred embodiment, VComlI.C is defined
to always have a constant voltage value irrespective of the
time (as indicated by the dashed line in FIG. 9). Accord-
ingly, the same oscillation voltage Vadd as that added to the
pixel electrode voltage VPH_mn is also superposed on the
voltage VCLC_mn applied to the liquid crystal capacitor
CLC_mn. Thus, the amplitude Vaddpp of the oscillation
voltage Vadd superposed on VCLC_mn is also

Vaddpp=KxVCSpp

[0118] Next, the average VCLCave_mn of the voltage
VCLC_mn at the liquid crystal capacitor CLC_mn in one
vertical scanning period will be described.

[0119] In a typical LCD, one horizontal scanning period
(i.¢., a period ranging from the time T1 through the time T3)
is much shorter than one vertical scanning period. Also, in
this preferred embodiment, the oscillation waveform of
VCSBL_m is a rectangular wave with a duty cycle of 1:1.
In view of these c0n51derat10ns VPHave_mn is approxi-
mately equal to:

VPHave_mn=VSBLt1-Vd-KxVCSpp/2

[0120] VPHave_mn depends on the amplitude VCSpp of
the voltage VCSBL_m on the CS bus line CSBL_m.

[0121] Supposing VPHave mn for a VCSpp of 0 volts is
identified by VPHaveR_mn, VPHaveR_mn is given by:

VPHaveR__mn=VSBLt1-Vd

[0122] Thus, VPHave_mn is given by the following
equation using VPHaveR_mn:

VPHave_mn=VPHaveR_mn-KxVCSpp/2

[0123] The second term on the right side of this equation
represents the variation in the average VPHave_mn of the
pixel electrode voltage within one vertical scanning period
when the pixel electrode voltage changes with VCSpp. That
variation EVPHave_mn is obtained by:

EVPHave__mn=-KxVCSpp/2
[0124]
VPHave_mn=VPHaveR_mn+EVPHave_mn

[0125] where VPHaveR_mn=VSBLt1-Vd and
EVPHave_mn=-KxVCSpp/2.

[0126] The voltage VCLC_mn applied to the liquid crystal
capacitor CLC_mn is obtained by subtracting the voltage
VComLC at the liquid crystal capacitor counter electrode
ComLC from the voltage VPH_mn at the pixel electrode
PH_mn. The voltage VComLC at the liquid crystal capacitor
counter electrode ComL.C always has a constant voltage

Accordingly, VPHave_mn can also be given by:
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value as indicated by the horizontal dashed line in FIG. 9.
Accordmgly, the average VCLCave_mn of the voltage
VCLC_mn in one vertical scanning perlod is given by:

VCLCave__mn=VSBLt1-Vd-KxVCSpp/2-VComLC

[0127] According to this equation, VCLCave_mn, as well
as VPHave_mn, depends on the amplitude VCSpp of the
oscillation voltage VCSBL_m on the CS bus line CSBL_m.

[0128] Supposing the VCLCave mn value for a VCSpp of
zero volts is identified by VCLCaveR_mn and the variation
in VCLCave_mn with VCSpp is identified by EVCL-
Cave_mn as in VPHave_mn, VCLCave_mn is also given
by:

VCLCave__mn=VCLCaveR_mn+EVCLCave_mn

[0129] where VCLCaveR_mn=VSBLt1-Vd-VComLC
and EVCLCave_mn=-KxVCSpp/2.

[0130] Next, it will be described how the average of the
voltage applied to the liquid crystal capacitor CLC_mn
within one vertical scanning period is affected by variations
in the oscillation timing of the voltages on the gate bus line
and CS bus line.

[0131] In the example shown in FIG. 9, at the time T3
(i.e., when the voltage on the CS bus line changes for the
first time after the TFT has been turned OFF), the voltage
VCSBL_m on the CS bus line decreases by VCSpp. Con-
versely, in the following example, the voltage on the CS bus
line increases by VCSpp at that time T3. Supposing VCL-
Cave_mn, VCLCaveR_mn, EVCLCave_mn and Vaddpp in
the situation where the voltage VCSBL m increases by
VCSpp at the time T3 are identified by "VCLCave* _mn,
VCLCaveR*_mn, EVCLCave* _mn and Vaddpp*, respec-
tively, VCLCave*_mn, VCLCaveR*_mn, EVCLCave* _mn
and Vaddpp* are given by:

VCLCave* _mn=VCLCaveR* _mn+EVCLCave*_mn
VCLCaveR*_mn=VSBLt1-Vd-VComLC
EVCLCave*_mn=KxVCSpp/2

Vaddpp*=KxVCSpp

[0132] according to the previous description that was
provided with reference to FIG. 9.

[0133] Comparing VCLCaveR_mn and EVCLCave_mn
with VCLCaveR*_mn and EVCLCave*_mn, respectively,

VCLCaveR_mn=VCLCaveR*_mn

EVCLCave_mn=EVCLCave*_mn
[0134]
VCLCave_mnz=VCLCave*_mn
[0135]

[0136] Accordingly, the average of the voltage applied to
the liquid crystal capacitor CLC_mn in one vertical scanning
period changes with the CS bus line voltage VCSBL_m at
the time T3.

[0137] Next, it will be briefly described how the amplitude
of the oscillation voltage superposed on the voltage being
applied to the liquid crystal capacitor is affected by the
variations in oscillation timings of the voltages on the gate
bus line and CS bus line.

are satisfied. However,

is also true.
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[0138] Comparing Vaddpp with Vaddpp*,
Vaddpp=Vaddpp*

[0139] is satisfied. Thus, the amplitude of the oscillation
voltage superposed on the voltage being applied to the liquid
crystal capacitor remains the same no matter how the CS bus
line voltage VCSBL_m changes at the time T3.

[0140] To sum up, according to the driving method that
has just been described with reference to FIGS. 8 and 9
(more specifically, by using the CS bus line voltage as the
oscillation voltage), an oscillation voltage can be superposed
on the voltage being applied to a liquid crystal capacitor in
an active-matrix-addressed LCD with TFTs. Also, as the
oscillation voltage is superposed, the voltage being applied
to the liquid crystal capacitor within a vertical scanning
period changes its average. Furthermore, the average of the
voltage being applied to the liquid crystal capacitor within a
vertical scanning period changes according to the oscillation
timings of the voltages on the gate bus line and CS bus line.

[0141] In the preferred embodiment described above, the
operation of the active-matrix-addressed LCD has been
described on only one liquid crystal capacitor CLC_mn and
for just one vertical scanning period for the sake of sim-
plicity. That is to say, the foregoing description just outlines
how in principle the oscillation voltage Vadd is superposed
on the voltage being applied to the single liquid crystal
capacitor CLC_mn within a single vertical scanning period
and how the average VCLCave_mn of the voltage being
applied to the liquid crystal capacitor CLC_mn within the
vertical scanning period changes as the oscillation voltage
Vadd is superposed. It would be easy to find, just by reading
this description, how to superpose the oscillation voltage on
the voltage being applied to the liquid crystal capacitor in a
plurality of pixels, multiple vertical scanning periods, or any
of various inversion drive methods for use in a typical LCD.
In that case, however, care must be taken such that the
oscillation voltages to be superposed in a plurality of pixels
or in multiple vertical scanning periods preferably have the
same amplitude Vaddpp and the voltages being applied to
the liquid crystal capacitor within the multiple vertical
scanning periods preferably have the same average value
VCLCave. This is because if these values changed from one
pixel to another or every vertical scanning period, then a
difference in luminance (i.c., uneven luminance or flicker)
would be produced unintentionally.

[0142] According to the foregoing general description, to
equalize Vaddpp, the source bus line voltage preferably has
constant amplitude VCSpp from one pixel to another and
every vertical scanning period.

[0143] On the other hand, to equalize the average voltage
VCLCave from one pixel to another and every vertical
scanning period, not only VCSpp needs to be constant but
also the oscillation timings of the gate bus line voltage and
CS bus line voltage have to be controlled appropriately. In
oscillating the CS bus line voltage as a rectangular wave as
shown in FIG. 9, the CS bus line voltage needs to change in
the same direction, and EVCLCave_mn needs to have a
constant value, at the time T3 shown in FIG. 9 in any pixel
and in any vertical scanning period. In an active-matrix-
addressed LCD in which write pixels are scanned in line by
way of a gate bus line, each horizontal scanning period and
the oscillation period of the CS bus line voltage need to
follow a predetermined rule in order to satisfy that condition.
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[0144] Hereinafter, the rule that every horizontal scanning
period and the oscillation period of the CS bus line voltage
need to follow will be described.

[0145] FIGS. 10, 11 and 12 each schematically show how
the voltage VCLC being applied to the liquid crystal capaci-
tor CLC changes with the oscillation state of the CS bus line
voltage VCSBL.

[0146] In each of these FIGS. 10, 11 and 12, the wave-
forms of gate bus line voltages VGBL are shown on a
row-by-row basis from the m'® row through m+7™ row in the
upper portion thereof, the waveform of the CS bus line
voltage VCSBL is shown in the middle portion thereof, and
the waveforms of the liquid crystal capacitor voltages VCLC
associated with those gate bus line voltages VGBL are
shown on a row-by-row basis in the lower portion thereof.
On the right-hand side of the VCLC waveforms, respective
EVCLC values are shown, and their associated Vaddpp
values are also shown on the further right side.

[0147] In the example illustrated in FIG. 10, the same
oscillation voltage VCSBLtypeA is applied to the CS bus
line of every row. For example, the oscillation voltage
VCSBLtype A may be applied to the CS bus lines associated
with the gate bus lines GBL_m, GBL_m+1, GBL_m+2,
GBL_m+3, GBL m+4, GBL_m+5, and GBL_m+6.

[0148] The oscillation voltage VCSBLtypeA has an oscil-
lation period that is twice as long as one horizontal scanning
period (i.e., 2H) and oscillation amplitude VCSpp. Accord-
ing to the description that provided with reference to FIG.
9, the phase of the VCSBLtypeA voltage waveform is
preferably defined such that an arbitrary VGBL waveform
changes from VgH into VgL synchronously with a flat
portion of the VCSBLtypeA waveform. In the example
illustrated in FIG. 10, in view of possible waveform distur-
bance resulting from manufacturing problems, each trailing
edge of any VGBL waveform (i.e., a point in time when the
VGBL waveform falls from VgH into VgL) is synchronized
with a point in time between a leading edge and the next
trailing edge of the VCSBLtypeA waveform or between a
trailing edge and the next leading edge thereof.

[0149] In FIG. 10, at the time T3 (see FIG. 9), the
oscillation voltage VCSBLtypeA changes in one direction
(i.e., increases or decreases) on an even-numbered row (i.e.,
on the m™, m+2™, m+4™ and m+6™ rows) and in the other
direction (i.e., decreases or increases) on an odd-numbered
row (i.e., on the m+1%, m+3*, m+5™ and m+7™ rows). As a
result, the VCLC waveform associated with an even-num-
bered row is different from that associated with an odd-
numbered row.

[0150] More specifically, the VCLC voltage waveform
associated with an even-numbered row decreases by KxVC-
Spp at a point in time corresponding to the time T3 and then
oscillates by KxVCSpp every time one horizontal scanning
period passes after that. On the other hand, the VCLC
voltage waveform. associated with an odd-numbered row
increases by KxVCSpp at the point in time corresponding to
the time T3 and then oscillates by KxVCSpp every time one
horizontal scanning period passes after that.

[0151] Accordingly, every even-numbered row has an
EVCLC value of -KxVCSpp/2, while every odd-numbered
row has an EVCLC value of +KxVCSpp/2. That is to say,
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these even- and odd-numbered rows have mutually different
average voltages VCLCave applied to the liquid crystal
capacitor.

[0152] That is to say, according to the driving method
shown in FIG. 10, even if the luminance should be uniform
all over the display screen, the luminance on even-numbered
rows is different from that on odd-numbered rows, which is
a problem.

[0153] This problem can be overcome by adopting the
driving method shown in FIG. 11.

[0154] According to the driving method shown in FIG. 11,
two CS bus line voltages VCSBLtypeB1 and VCSBLtypeB2
are alternately used from one CS bus line after another (i.c.,
on a row-by-row basis). More specifically, each even-num-
bered CS bus line (e.g., a CS bus line associated with a gate
bus line GBL_m, GBL._m+2, GBL_m+4 or GBL_m+6) has
the former voltage VCSBLtypel, while each odd-numbered
CS bus line (e.g., a CS bus line associated with a gate bus
line GBL_m+1, GBL_m+3, GBL_m+5 or GBL_m+7) has
the latter voltage VCSBLtype2.

[0155] Each of the two CS bus line voltages VCS-
BLtypeB1 and VCSBLtypeB2 has an oscillation period that
is twice as long as one horizontal scanning period (i.e., 2H).
Also, the oscillation phase of VCSBLtypeB2 trails behind
that of VCSBLtypeB1 by one horizontal scanning period
(i.e., 1H). That is to say, the oscillation phase difference
between VCSBLtypeB1 and VCSBLtypeB2 is 1H. As in
FIG. 10, the gate bus line voltage waveforms and the
oscillation phases of the respective CS bus line voltage
waveforms are defined such that an arbitrary VGBL wave-
form changes from VgH into VgL synchronously with a flat
portion of its associated CS bus line voltage waveform
(preferably at the center of the flat portion).

[0156] The two CS bus line voltages VCSBLtypeB1 and
VCSBLLtypeB2 have the same oscillation amplitude VCSpp.

[0157] In the driving method shown in FIG. 11 in which
the CS bus line voltages are defined as described above, the
CS bus line voltage associated with each row decreases by
VCSpp at a point in time corresponding to the time T3.
Accordingly, each and every row has the same EVCLC
value of —-KxVCSpp/2, where K and VCSpp are constant
values for every row.

[0158] Thus, according to the driving method shown in
FIG. 11, the EVCLC value never changes row by row unlike
the driving method that has been described with reference to
FIG. 10.

[0159] Furthermore, in the driving method shown in FIG.
11, each and every row has the same Vaddpp value, too.

[0160] Consequently, according to the driving method
shown in FIG. 11, the problem caused by the driving method
shown in FIG. 10 can be overcome and the oscillation
voltage can also be applied to the liquid crystal capacitor,
thus achieving the effects of the present invention.

[0161] Likewise, as in the driving method shown in FIG.
11, the problem caused by the driving method shown in FIG.
10 can also be avoided and the effects of the present
invention can also be achieved by the driving method shown
in FIG. 12.
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[0162] In the driving method shown in FIG. 11, the two
different oscillation voltages VCSBLtypeB1 and VCS-
BLtypeB2 are used as the CS bus line voltages. In contrast,
according to the driving method shown in FIG. 12, the
effects of the present invention are achieved by using only
one oscillation voltage VCSBLtypeC.

[0163] In the driving method shown in FIG. 12, the same
CS bus line voltage VCSBLtypeC is applied to all CS bus
lines.

[0164] The CS bus line voltage VCSBLtypeC has an
oscillation period that is as long as one horizontal scanning
period (i.e., 1H). The gate bus line voltage waveforms and
the oscillation phase of the CS bus line voltage waveform
are defined such that an arbitrary VGBL waveform changes
from VgH into VgL synchronously with a flat portion of the
CS bus line voltage waveform (preferably at the center of the
flat portion).

[0165] The CS bus line voltage VCSBLtypeC also has the
oscillation amplitude VCSpp.

[0166] In the driving method shown in FIG. 12, the CS
bus line voltage associated with each row increases by
VCSpp at a point in time corresponding to the time T3.
Accordingly, each and every row has the same EVCLC
value of +KxVCSpp/2, and also has the same Vaddpp value
of KxVCSpp, too.

[0167] Consequently, according to the driving method
shown in FIG. 12, the problem caused by the driving
method shown in FIG. 10 can also be overcome and the
effects of the present invention can also be achieved as in the
driving method shown in FIG. 11.

[0168] In the driving method shown in FIG. 12, the same
CS bus line voltage VCSBLtypeC is used for each and every
CS bus line. That is to say, only a single oscillation voltage
is applied to all CS bus lines. Accordingly, the oscillation
voltage may be applied to the liquid crystal capacitor
counter electrode, not to the CS bus lines. Thus, when the
driving method shown in FIG. 12 is adopted, the effects of
the present invention can also be achieved even by super-
posing the same oscillation voltage as the CS bus line
voltage VCSBLLtypeC on the voltage VComLC at the liquid
crystal capacitor counter electrode ComLC.

[0169] Look at the signs of EVCLCave. In the preferred
embodiment shown in FIG. 11, EVCLCave has negative
sign (-). On the other hand, in the preferred embodiment
shown in FIG. 12, EVCLC has positive sign (+). That is to
say, according to the present invention, either negative sign
or positive sign can be appropriately selected as the sign of
EVCLCave. Nevertheless, EVCLCave preferably has posi-
tive sign because the effects of Vd shown in FIG. 9 can be
canceled in that case.

[0170] However, in the active-matrix-addressed LCD
shown in FIG. 8, the effects of the present invention are
achieved not only by the driving method shown in FIG. 11
or 12 but also by any other appropriate driving method.

[0171] Hereinafter, the relationship between the number
of electrically independent CS bus lines and the oscillation
period of the oscillation voltage on the CS bus lines will be
described.

[0172] In the driving method shown in FIG. 12, there is
only one electrically independent CS bus line and its CS bus
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line voltage has an oscillation period that is as long as one
horizontal scanning period (1H). On the other hand, in the
driving method shown in FIG. 11, there are two electrically
independent CS bus lines and their CS bus line voltages have
an oscillation period that is twice as long as one horizontal
scanning period (2H).

[0173] However, the relationship between the number of
electrically independent CS bus lines and the oscillation
period of the CS bus line voltages can be further expanded.
For example, three electrically independent CS bus lines
may be provided and the oscillation period of their CS bus
line voltages may be three times as long as one horizontal
scanning period (3H). Alternatively, four electrically inde-
pendent CS bus lines may be provided and the oscillation
period of their CS bus line voltages may be four times as
long as one horizontal scanning period (4H). Speaking more
generally, a number N of electrically independent CS bus
lines may be provided and the oscillation period of their CS
bus line voltages may be N times as long as one horizontal
scanning period (NH).

[0174] In this case, those electrically independent CS bus
lines need to be arranged so as to meet the following rules.
For example, if three CS bus line voltages VCSBLtypeD1,
VCSBLtypeD2 and VCSBLtypeD3 are used in an LCD in
which CS bus lines are arranged in the order of CSBL_ 1,
CSBL_2, CSBL_3, CSBL_4, CSBL_5, . . ., and
CSBL_m from the top toward the bottom, then a first group
of CS bus lines including CSBL.__ 1, CSBL._ 4 and CSBL,_ 7
needs to have the CS bus line voltage VCSBLtypeD1, a
second group of CS bus lines including CSBL_ 2, CSBL_5
and CSBL__8 needs to have the CS bus line voltage VCS-
BLtypeD2, and a third group of CS bus lines including
CSBL__3, CSBL__6 and CSBL__9 needs to have the CS bus
line voltage VCSBLLypeD3. That is to say, three electrically
independent groups of CS bus lines (i.c., the first group
including CSBL_ 1, CSBL_4 and CSBL_7, the second
group including CSBL_ 2, CSBL__5 and CSBL__8 and the
third group including CSBL_3, CSBL_6 and CSBL_09)
need to be provided.

[0175] On the other hand, if four CS bus line voltages
VCSBLtypeE1, VCSBLtypeE2, VCSBLtypeE3 and VCS-
BLtypeE4 are used in the same LCD, then a first group of
CS bus lines including CSBL__ 1, CSBL._5 and CSBL_9
needs to have the CS bus line voltage VCSBLtypeEl, a
second group of CS bus lines including CSBL._ 2, CSBL_ 6
and CSBL__10 needs to have the CS bus line voltage
VCSBLtypeE2, a third group of CS bus lines including
CSBL__3, CSBL_7 and CSBL__11 needs to have the CS
bus line voltage VCSBLtypeE3 and a fourth group of CS bus
lines including CSBL._ 4, CSBL__8 and CSBL__12 needs to
have the CS bus line voltage VCSBLtypeE4. That is to say,
four electrically independent groups of CS bus lines (i.c., the
first group including CSBL.__ 1, CSBL_ 5 and CSBL_ 9, the
second group including CSBL._ 2, CSBL.__6 and CSBL__10,
the third group including CSBL._ 3, CSBL._ 7 and CSBL.__
11 and the fourth group including CSBL._4, CSBL._ 8 and
CSBL__12) need to be provided.

[0176] Furthermore, if a number N of CS bus line voltages
VCSBLtypeF1, VCSBLtypeF2, VCSBLtypeF3, . . . and
VCSBLtypeFN are used in the same LCD, then a first group
of CS bus lines including CSBL_L, CSBL_N+1 and
CSBL__2N+1 needs to have the CS bus line voltage VCS-
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BLtypeF1, a second group of CS bus lines including
CSBL_ 2, CSBL_N+2 and CSBL_ 2N+2 needs to have the
CS bus line voltage VCSBLtypeF2, a third group of CS bus
lines including CSBL_3, CSBL_N+3 and CSBL_2N+3
needs to have the CS bus line voltage VCSBLtypeF3 and an
N group of CS bus lines including CSBL_N, CSBL_2N
and CSBL_3N needs to have the CS bus line voltage
VCSBLtypeFN. That is to say, a number N of electrically
independent groups of CS bus lines (i.e., the first group
including CSBL_L, CSBL._N+1 and CSBL_ 2N+1, the sec-
ond group including CSBL_2, CSBL,_N+2 and CSBL__
2N+2, the third group including CSBL_ 3, CSBL_N+3 and
CSBL_2N+3 and the N™ group including CSBL N,
CSBL_ 2N and CSBL_ 3N) need to be provided.

[0177] When a number of CS bus line voltages are used,
the respective phases of those CS bus line voltages need to
satisfy the following conditions, which are set to change the
CS bus line voltage on every row in the same direction at the
time T3 shown in FIG. 9 in any of the driving methods
described above.

[0178] If the three CS bus line voltages VCSBLtypeD1,
VCSBLtypeD2 and VCSBLtypeD3 are used, then the
phases of the latter two CS bus line voltages VCSBLtypeD2
and VCSBLtypeD3 need to be delayed from that of the
former CS bus line voltage VCSBLtypeD1 by one horizon-
tal scanning period (1H) and two horizontal scanning peri-
ods (2H), respectively.

[0179] If the four CS bus line voltages VCSBLtypeEl,
VCSBLtypeE2, VCSBLtypeE3 and VCSBLtypeE4 are
used, then the phases of the latter three CS bus line voltages
VCSBLtypeE2, VCSBLtypeE3 and VCSBLtypeE4 need to
be delayed from that of the former CS bus line voltage
VCSBLtypeEl by one horizontal scanning period (1H), two
horizontal scanning periods (2H), and three horizontal scan-
ning periods (3H), respectively.

[0180] Generally speaking, if a number N of CS bus line
voltages VCSBLtypeF1, VCSBLtypeF2, VCSBLtypeF3, . .
. and VCSBLtypeFN are used, then the phases of the latter
(N-1) CS bus line voltages VCSBLtypeF2, VCSBLtypeF3,
... and VCSBLtypeFN need to be delayed from that of the
former CS bus line voltage VCSBLtypeF1 by one horizontal
scanning period (1H), two horizontal scanning periods (2H),

. and (N-1) horizontal scanning periods ((N-1)H),
respectively.

[0181] In any of these driving methods, each gate bus line
voltage waveform preferably changes from VgH into VgL
synchronously with the center of a flat portion of its asso-
ciated CS bus line voltage waveform for the same reasons as
those described with reference to FIGS. 11 and 12.

[0182] As can be seen from the foregoing description, by
increasing the number of electrically independent CS bus
lines, the oscillation voltage to be applied to each of those
CS bus lines can have a longer period and the oscillation
voltage generator can be fabricated more easily. However, as
the number of electrically independent CS bus lines is
increased, it becomes more and more difficult to make an
LCD panel. Thus, the number of electrically independent CS
bus lines is preferably defined appropriately in view of these
considerations.

[0183] It should be noted that the effects of the present
invention are achieved by not only the driving methods
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described above but also any other driving method. In the
preferred embodiments described above, the voltage applied
to the CS bus lines is a rectangular wave.

[0184] Nevertheless, the CS bus line voltage is preferably
a rectangular wave. This is because even if the phase of the
gate bus line voltage or CS bus line voltage has shifted due
to some variation in the manufacturing process, the variation
in EVCLCave can be minimized in that case. In the pre-
ferred embodiments described above, EVCLCave is
described about a rectangular wave for the sake of simplicity
and classified into the two situations depending on whether
the CS bus line voltage increases or decreases at the time T3.
In this case, EVCLCave depends on a constant K, which is
defined by the capacitance value CLC of the liquid crystal
capacitor or the capacitance value CCS of the storage
capacitor, and on the oscillation amplitude VCSpp of the CS
bus line voltage. However, the EVCLCave value is normally
dependent on not only the K and VCSpp values but also a
voltage difference between the CS bus line voltage when the
gate bus line voltage decreases to VgL and the TFT turns
OFF (i.e., a point in time corresponding to the time T2
shown in FIG. 9) and its average voltage in one vertical
scanning period. That is to say, to make the EVCLCave
value constant, the instant the TFT turns OFF (at the time T2
shown in FIG. 9), the voltage on its associated CS bus line
is preferably made constant. This is why the EVCLCave
value changes depending on whether the CS bus line voltage
increases or decreases as described above. To minimize the
variation in EVCLCave caused by a phase shift of the gate
bus line voltage or CS bus line voltage due to some reason
in the manufacturing process, the variation in CS bus line
voltage around the time T2 is preferably reduced. In using a
rectangular wave, by matching the time T2 with the flat
portion of the waveform, the variation in EVCLCave caused
by a phase shift of the gate bus line voltage or CS bus line
voltage due to some reason in the manufacturing process can
be minimized.

[0185] Next, an LCD according to another preferred
embodiment of the present invention and a method for
driving the LCD will be described.

[0186] In this preferred embodiment, the voltage wave-
form of the oscillation voltage applied to each CS bus line
has at least three potentials, which include two potentials
that define the maximum amplitude of the oscillation voltage
(i-., Vaddpp in the driving method of the preferred embodi-
ment described above), and another potential equal to the
average potential of the oscillation voltage. In this case, the
“average potential of the oscillation voltage” does not
always refer to a simple average of the two potentials that
define the maximum amplitude of the oscillation voltage but
to an “effective average” of the oscillation voltage. That is
to say, when the “effective average” is defined for one period
of the oscillation voltage waveform, the total area of wave-
form portions above the effective average should be equal to
that of the other waveform portions below the effective
average. In the following example, the oscillation voltage
has a waveform that is symmetric to the centerline of the two
potentials defining the maximum amplitude of the oscilla-
tion voltage, and therefore, the simple average of those two
potentials defining the maximum amplitude of the oscilla-
tion voltage happens to be equal to the effective average of
the oscillation voltage. Also, in a period of time in which the
oscillation voltage has a potential that is equal to the average
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potential of the oscillation voltage waveform (i.c., in the flat
portion), TFTs, belonging to the pixels that are connected to
the CS bus line to which that oscillation voltage is applied,
are turned OFF. In the following example, the instant the
gate bus line voltage decreases to VgL to turn OFF the TFTs
(corresponding to the time T2 shown in FIG. 9) is in the
middle of the period in which the oscillation voltage has the
average potential. In the following preferred embodiment,
the oscillation voltage waveform includes the three poten-
tials described above. However, the oscillation voltage
waveform may include more than three potentials (e.g., five,
seven or nine potentials) as well.

[0187] In this preferred embodiment, the oscillation volt-
age can be superposed on the voltage being applied to the
liquid crystal capacitor without changing the average value
of the voltage being applied to the liquid crystal capacitor.
That is to say, constant Vaddpp can be obtained with
EVCLCave kept equal to zero. As a result, compared to the
situation where the driving method shown in FIGS. 10
through 12 is adopted, the reliability can be increased. The
reasons will be described below.

[0188] Generally speaking, an electrical load, consisting
of the parasitic capacitance of a CS bus line and a bus line
resistance thereof, changes its value depending on the on-
screen location in an LCD. The effective waveform of the
oscillation voltage applied to a CS bus line is rounded as
being affected by the electrical load. Thus, its (effective)
amplitude also changes depending on the on-screen location.
Accordingly, in the LCD of the previous embodiment shown
in FIGS. 11 and 12, if the average of the voltage applied to
the liquid crystal capacitor depends on the (effective) ampli-
tude of the oscillation voltage applied to the CS bus line,
then the average of the voltage applied to the liquid crystal
capacitor also changes depending on the on-screen location.
In that case, the voltage applied to the liquid crystal layer
cannot have zero DC components everywhere on the display
screen and the counter voltage cannot be regulated to its
optimum value, either, everywhere on the display screen. If
such an LCD, in which the voltage applied to the liquid
crystal layer does not always have zero DC components,
were used for a long time, then the liquid crystal material,
alignment film material or any other material of the LCD
would be damaged so much as to decrease the display
quality of the LCD significantly. In contrast, in the LCD of
this preferred embodiment, the average of the voltage
applied to the liquid crystal capacitor never depends on the
(effective) amplitude of the oscillation voltage applied to the
CS bus line, thus causing no such problems concerning the
reliability of the LCD.

[0189] On the other hand, according to the foregoing
description, the oscillation voltage component to be super-
posed on the voltage being applied to the liquid crystal layer,
i.e., Vaddpp, also changes depending on the on-screen
location in the LCD. Even so (i.e., even if the oscillation
voltage component changes with the on-screen location), the
display quality is not affected so seriously. The reasons will
be described later.

[0190] The oscillation voltage component to be super-
posed on the voltage being applied to the liquid crystal layer,
i.e., Vaddpp, contributes to improving the gray-scale voltage
dependence of the luminance shown in FIG. 3. If the
magnitude of the oscillation voltage component changed
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depending on the on-screen location in the LCD, then only
the degree of that improvement would change according to
the on-screen location. That is to say, the reliability of the
LCD would not be affected at all unlike the LCD described
above. Furthermore, the variation in the degree of improve-
ment according to the on-screen location depends on the
variation in the electrical load of the CS bus line. Thus, that
variation appears just as a slow and continuous gradational
change, which is hard to recognize with the eyes. That is to
say, the display quality is affected to an extremely small
degree if ever.

[0191] Hereinafter, that preferred embodiment of the
present invention will be described more specifically in

comparison with the preferred embodiment shown in FIGS.
10, 11 and 12.

[0192] In this preferred embodiment, the oscillation volt-
ages VCSBLtypeA, VCSBLtypeB1, VCSBLtypeB2 and
VCSBLtypeC to be applied to the CS bus lines in the
preferred embodiment shown in FIGS. 10, 11 and 12 are
replaced with oscillation voltages VCSBLtypeAN, VCS-
BLtypeBN1, VCSBLtypeBN2 and VCSBLtypeCN, respec-
tively, with the features of this preferred embodiment. FIGS.
13, 14 and 15 respectively correspond to FIGS. 10, 11 and
12 for the preferred embodiment described above.

[0193] As shown in FIGS. 13, 14 and 15, the voltage
waveform of the oscillation voltage applied to each CS bus
line includes two potentials that define the maximum ampli-
tude Vaddpp of the oscillation voltage and another potential
equal to the average potential of the oscillation voltage.
Also, just in the middle of the period of time in which the
oscillation voltage has a potential that is equal to the average
potential of the oscillation voltage waveform (i.c., in the flat
portion), TFTs, belonging to the pixels connected to the CS
bus line to which that oscillation voltage is applied, are
turned OFF.

[0194] In any of the examples shown in FIGS. 13, 14 and
15, EVCLCave=0 and Vaddpp=KxVCSpp. That is to say,
the oscillation voltage can be superposed on the voltage
being applied to the liquid crystal capacitor without chang-
ing the average of the voltage being applied to the liquid
crystal capacitor.

[0195] Among other things, in the preferred embodiment
shown in FIG. 13 corresponding to the example shown in
FIG. 10, the problem of the example shown in FIG. 10 that
the average of the voltage being applied to the liquid crystal
capacitor changes on a row-by-row basis (i.c., each pair of
odd- and even-numbered rows has mutually different
EVCLCave values) can be overcome.

[0196] In this preferred embodiment, the same statement
as that already described for the previous preferred embodi-
ments also applies to the relationship between the number of
electrically independent CS bus lines and their oscillation
period. That is to say, if there are N types of electrically
independent CS bus lines, the oscillation period can be N
times as long as one horizontal scanning period of the CS
bus lines.

[0197] In this case, the number of those electrically inde-
pendent CS bus lines is preferably an even number. And if
the oscillation voltage waveform of an arbitrary one of the
CS bus lines changes in one direction at a certain point in
time, there should be another CS bus line of which the
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oscillation voltage waveform changes in the opposite direc-
tion but to the same degree at that point in time. Also, the
number of CS bus lines to which one of these two voltages
is applied is preferably equal to that of CS lines to which the
other voltage is applied. That is to say, as can be seen from
the preferred embodiment shown in FIG. 14, if there is an
oscillation voltage of one phase on an arbitrary CS bus line,
another oscillation voltage of the reverse phase (ie., of
which the phase is shifted from the former phase by 180
degrees) is preferably applied to another CS bus line. In the
previous embodiment described above, the example shown
in FIG. 11 is most preferred. The reasons are as follows.

[0198] In general, the counter electrode of an LCD is
connected to a reference potential (e.g., a counter electrode
potential) by way of a finite electrical resistance. Accord-
ingly, when the oscillation voltage is applied to the CS bus
line, the potential at the counter electrode changes with the
oscillation voltage. As a result, the CS bus line oscillation
voltage may not be transmitted to the liquid crystal capacitor
or storage capacitor efficiently because the oscillation volt-
age is consumed to oscillate the potential at the counter
electrode. In contrast, if there are an oscillation voltage of
one phase on a CS bus line and another oscillation voltage
of the reverse phase (i.c., which is shifted from the former
phase by 180 degrees), then the variation in the potential at
the counter electrode can be minimized. Consequently, the
CS bus line oscillation voltage can be transmitted to the
liquid crystal capacitor or storage capacitor efficiently.

[0199] In any of the preferred embodiments described
above, the CS bus line voltage is a rectangular wave. By
using the rectangular wave, the advantages described above
are achieved but the following problems are caused, too.

[0200] For example, when the voltage applied to a CS bus
line is a rectangular wave, a lot of current flows through the
CS bus line instantancously. In general, the amount of
current flowing when an oscillation voltage is applied to an
electrostatic capacitor is proportional to the time differential
of the voltage. In a rectangular wave, when the voltage
changes (e.g., at the time T4 or T5 shown in FIG. 9), the
voltage has an enormous time differential value (or infinity
in an ideal rectangular wave) and a huge amount of current
flows at that moment. To avoid this problem, a waveform in
which the voltage variation has a small time differential
value (e.g., a sine wave) is preferably used. However, if an
oscillation voltage with three or more potentials is used as
shown in FIGS. 13, 14 and 15, at least the potential equal
to the average of the oscillation voltage is preferably kept
constant (i.c., has a flat portion) for a predetermined amount
of time.

[0201] The waveform of the CS bus line voltage is appro-
priately defined (e.g., as a rectangular wave with rounded
edges (rectangular wave that has been passed through a low
pass filter) or a sine wave) in view of these advantages and
disadvantages caused by the use of such a rectangular wave.

[0202] In the preferred embodiments described above, a
predetermined gray-scale voltage is applied as it is to a pixel
electrode. However, the present invention is in no way
limited to those specific preferred embodiments. For
example, even if an overshoot voltage, as well as the
gray-scale voltage, is applied to improve the response speed
of the liquid crystal layer, the effects of the present invention
are also achieved.
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[0203] Various preferred embodiments of the present
invention described above provide a liquid crystal display
device that can present an image of quality with the uneven-
ness of display minimized and also provide a liquid crystal
display device that can be driven with a reduced applied
voltage because the threshold voltage of its electro-optic
characteristic can be decreased.

[0204] While the present invention has been described
with respect to preferred embodiments thereof, it will be
apparent to those skilled in the art that the disclosed inven-
tion may be modified in numerous ways and may assume
many embodiments other than those specifically described
above. Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within the
true spirit and scope of the invention.

What is claimed is:

1. Aliquid crystal display device comprising a plurality of
pixels, each of which includes a liquid crystal capacitor
made up of a liquid crystal layer and two electrodes to apply
a voltage to the liquid crystal layer,

wherein while the device is conducting a display opera-

tion, an oscillation voltage, which oscillates a number

of times within a single vertical scanning period, and a

predetermined gray-scale voltage are applied to the

liquid crystal capacitor of an arbitrary one of the pixels.

2. Aliquid crystal display device comprising a plurality of

pixels, each of which includes a liquid crystal capacitor

made up of a liquid crystal layer and two electrodes to apply
a voltage to the liquid crystal layer,

wherein in an arbitrary vertical scanning period, a prede-
termined gray-scale voltage is applied to one of the two
electrodes of an arbitrary one of the pixels and an
oscillation voltage, which oscillates a number of times
within a single vertical scanning period, is applied to
either the same electrode or the other electrode of the
arbitrary pixel.

3. A liquid crystal display device comprising:

a plurality of pixels, each of which includes a liquid
crystal capacitor made up of a liquid crystal layer and
two electrodes to apply a voltage to the liquid crystal
layer;

a gray-scale voltage generator for generating a gray-scale
voltage in accordance with a display signal;

a counter voltage generator for generating a counter
voltage; and

an oscillation voltage generator for generating an oscil-
lation voltage that oscillates a number of times within
a single vertical scanning period,

wherein in an arbitrary vertical scanning period, the
gray-scale voltage is applied to one of the two elec-
trodes of an arbitrary one of the pixels, the counter
voltage is applied to the other electrode of the arbitrary
pixel, and the oscillation voltage is applied to either the
one or the other electrode of the arbitrary pixel.

4. The liquid crystal display device of claim 1, wherein in
each of the pixels, the two electrodes of the liquid crystal
capacitor are a pixel electrode, which is provided for each
said pixel, and a counter electrode, which applies a common
counter voltage to all of the pixels, and
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wherein the gray-scale voltage is applied to the pixel
electrode and the oscillation voltage is applied to the
counter electrode.
5. The liquid crystal display device claim 1, wherein each
said pixel further includes a storage capacitor, and

wherein the liquid crystal capacitor includes a pixel
electrode, which is provided for each said pixel, and a
counter electrode, which is provided for all of the pixels
in common, and

wherein the storage capacitor includes a first electrode,
which is electrically connected to the pixel electrode,
an insulating layer, and a second electrode, which faces
the first electrode with the insulating layer interposed
between the first and second electrodes, and

wherein the oscillation voltage is applied to the second
electrode.
6. The liquid crystal display device of claim 5, wherein
the pixels are arranged in columns and rows, and

wherein in an arbitrary vertical scanning period, the
respective second electrodes of all pixels belonging to
an arbitrary one of the rows are electrically connected
together.

7. The liquid crystal display device of claim 6, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels belonging to the arbitrary row are
substantially equal to each other.

8. The liquid crystal display device of claim 6, wherein
the oscillation voltage includes a first oscillation voltage and
a second oscillation voltage, which is different from the first
oscillation voltage, and

wherein the oscillation voltages applied to the respective
second electrodes of the pixels belonging to the arbi-
trary row during the arbitrary vertical scanning period
are either the first oscillation voltage or the second
oscillation voltage.

9. The liquid crystal display device of claim 8, wherein in
an arbitrary vertical scanning period, the first oscillation
voltage is applied to the respective second electrodes of all
pixels belonging to one of two mutually adjacent rows, and
the second oscillation voltage is applied to the respective
second electrodes of all pixels belonging to the other row.

10. The liquid crystal display device of claim 9, wherein
the first and second oscillation voltages both have a period
corresponding to two horizontal scanning periods, and have
the same amplitude but a phase difference of 180 degrees.

11. The liquid crystal display device of claim 8, wherein
in the arbitrary vertical scanning period, the oscillation
voltage applied to the respective second electrodes of the
pixels changes every m consecutive rows.

12. The liquid crystal display device of claim 11, wherein
each of the periods of the oscillation voltage, which also
changes every m consecutive rows, is m times as long as one
horizontal scanning period and has the same amplitude.

13. The liquid crystal display device of claim 6, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels during the arbitrary vertical scanning
period are substantially equal to each other.

14. The liquid crystal display device of claim 13, wherein
the oscillation voltages have a period corresponding to one
horizontal scanning period.
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15. The liquid crystal display device of claim 6, further
comprising a TFT, which is provided for each said pixel, and
a gate bus line and a source bus line, which are connected
to each TFT, and

wherein the respective second electrodes of the pixels
belonging to the arbitrary row are connected to the gate
bus line associated with the row.
16. The liquid crystal display device of claim 6, wherein
the pixels are arranged in columns and rows, and

wherein the liquid crystal display device further includes:
a TFT, which is provided for each said pixel; a gate bus
line and a source bus line, which are connected to each
TFT; and a plurality of CS bus lines, each of which
connects together the respective second electrodes of
pixels belonging to an associated one of the rows, and

wherein in the CS bus lines, there are an even number of

electrically independent CS bus lines.

17. The liquid crystal display device of claim 6, wherein
the voltage waveform of the oscillation voltage includes at
least three potentials including two potentials that define
maximum amplitude and another potential equal to an
average potential.

18. The liquid crystal display device of claim 6, wherein
supposing the storage capacitor has a capacitance CCS, the
liquid crystal capacitor has a minimum capacitance CLC-
_min and an electro-optic characteristic of the liquid crystal
layer has a threshold voltage Vth, the effective value of the
oscillation voltage is at least one-tenth of, and at most equal
to, Vth-{(CCS+CLC_min)/CCS}.

19. The liquid crystal display device of claim 1, wherein
the effective value of the oscillation voltage is at least
one-tenth of, and at most equal to, the electro-optic threshold
voltage Vth of the liquid crystal layer.

20. The liquid crystal display device of claim 1, wherein
the oscillation voltage oscillates in a period that is an integral
number of times as long as one horizontal scanning period.

21. The liquid crystal display device of claim 1, wherein
the oscillation voltage oscillates in a period corresponding to
one horizontal scanning period.

22. The liquid crystal display device of claim 1, wherein
the liquid crystal display device conducts a display operation
in normally black mode.

23. A method for driving a liquid crystal display device
including a plurality of pixels, each of which includes a
liquid crystal capacitor made up of a liquid crystal layer and
two electrodes to create a potential difference in the liquid
crystal layer, the method comprising the steps of:

applying an oscillation voltage, which oscillates in a
period that is shorter than one vertical scanning period,
to the liquid crystal capacitors of all of the pixels in an
arbitrary vertical scanning period; and

applying gray-scale voltages, which are associated with
the respective pixels, to the respective liquid crystal
capacitors thereof while the oscillation voltage is being
applied.

24. The liquid crystal display device of claim 2, wherein
in each of the pixels, the two electrodes of the liquid crystal
capacitor are a pixel electrode, which is provided for each
said pixel, and a counter electrode, which applies a common
counter voltage to all of the pixels, and
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wherein the gray-scale voltage is applied to the pixel
electrode and the oscillation voltage is applied to the
counter electrode.

25. The liquid crystal display device of claim 3, wherein
in each of the pixels, the two electrodes of the liquid crystal
capacitor are a pixel electrode, which is provided for each
said pixel, and a counter electrode, which applies a common
counter voltage to all of the pixels, and

wherein the gray-scale voltage is applied to the pixel
electrode and the oscillation voltage is applied to the
counter electrode.
26. The liquid crystal display device claim 2, wherein
each said pixel further includes a storage capacitor, and

wherein the liquid crystal capacitor includes a pixel
electrode, which is provided for each said pixel, and a
counter electrode, which is provided for all of the pixels
in common, and

wherein the storage capacitor includes a first electrode,
which is electrically connected to the pixel electrode,
an insulating layer, and a second electrode, which faces
the first electrode with the insulating layer interposed
between the first and second electrodes, and

wherein the oscillation voltage is applied to the second
electrode.
27. The liquid crystal display device claim 3, wherein
each said pixel further includes a storage capacitor, and

wherein the liquid crystal capacitor includes a pixel
electrode, which is provided for each said pixel, and a
counter electrode, which is provided for all of the pixels
in common, and

wherein the storage capacitor includes a first electrode,
which is electrically connected to the pixel electrode,
an insulating layer, and a second electrode, which faces
the first electrode with the insulating layer interposed
between the first and second electrodes, and

wherein the oscillation voltage is applied to the second
electrode.
28. The liquid crystal display device of claim 26, wherein
the pixels are arranged in columns and rows, and

wherein in an arbitrary vertical scanning period, the
respective second electrodes of all pixels belonging to
an arbitrary one of the rows are electrically connected
together.

29. The liquid crystal display device of claim 28, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels belonging to the arbitrary row are
substantially equal to each other.

30. The liquid crystal display device of claim 28, wherein
the oscillation voltage includes a first oscillation voltage and
a second oscillation voltage, which is different from the first
oscillation voltage, and

wherein the oscillation voltages applied to the respective
second electrodes of the pixels belonging to the arbi-
trary row during the arbitrary vertical scanning period
are either the first oscillation voltage or the second
oscillation voltage.
31. The liquid crystal display device of claim 27, wherein
the pixels are arranged in columns and rows, and
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wherein in an arbitrary vertical scanning period, the
respective second electrodes of all pixels belonging to
an arbitrary one of the rows are electrically connected
together.

32. The liquid crystal display device of claim 31, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels belonging to the arbitrary row are
substantially equal to each other.

33. The liquid crystal display device of claim 31, wherein
the oscillation voltage includes a first oscillation voltage and
a second oscillation voltage, which is different from the first
oscillation voltage, and

wherein the oscillation voltages applied to the respective
second electrodes of the pixels belonging to the arbi-
trary row during the arbitrary vertical scanning period
are either the first oscillation voltage or the second
oscillation voltage.

34. The liquid crystal display device of claim 28, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels during the arbitrary vertical scanning
period are substantially equal to each other.

35. The liquid crystal display device of claim 34, wherein
the oscillation voltages have a period corresponding to one
horizontal scanning period.

36. The liquid crystal display device of claim 28, further
comprising a TFT, which is provided for each said pixel, and
a gate bus line and a source bus line, which are connected
to each TFT, and

wherein the respective second electrodes of the pixels
belonging to the arbitrary row are connected to the gate
bus line associated with the row.
37. The liquid crystal display device of claim 28, wherein
the pixels are arranged in columns and rows, and

wherein the liquid crystal display device further includes:
a TFT, which is provided for each said pixel; a gate bus
line and a source bus line, which are connected to each
TFT; and a plurality of CS bus lines, each of which
connects together the respective second electrodes of
pixels belonging to an associated one of the rows, and

wherein in the CS bus lines, there are an even number of

electrically independent CS bus lines.

38. The liquid crystal display device of claim 28, wherein
the voltage waveform of the oscillation voltage includes at
least three potentials including two potentials that define
maximum amplitude and another potential equal to an
average potential.

39. The liquid crystal display device of claim 28, wherein
supposing the storage capacitor has a capacitance CCS, the
liquid crystal capacitor has a minimum capacitance CLC-
_min and an electro-optic characteristic of the liquid crystal
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layer has a threshold voltage Vth, the effective value of the
oscillation voltage is at least one-tenth of, and at most equal
to, Vth-{(CCS+CLC_min)/CCS}.

40. The liquid crystal display device of claim 31, wherein
the oscillation voltages applied to the respective second
electrodes of the pixels during the arbitrary vertical scanning
period are substantially equal to each other.

41. The liquid crystal display device of claim 40, wherein
the oscillation voltages have a period corresponding to one
horizontal scanning period.

42. The liquid crystal display device of claim 31, further
comprising a TFT, which is provided for each said pixel, and
a gate bus line and a source bus line, which are connected
to each TFT, and

wherein the respective second electrodes of the pixels
belonging to the arbitrary row are connected to the gate
bus line associated with the row.
43. The liquid crystal display device of claim 31, wherein
the pixels are arranged in columns and rows, and

wherein the liquid crystal display device further includes:
a TFT, which is provided for each said pixel; a gate bus
line and a source bus line, which are connected to each
TFT; and a plurality of CS bus lines, each of which
connects together the respective second electrodes of
pixels belonging to an associated one of the rows, and

wherein in the CS bus lines, there are an even number of

electrically independent CS bus lines.

44. The liquid crystal display device of claim 31, wherein
the voltage waveform of the oscillation voltage includes at
least three potentials including two potentials that define
maximum amplitude and another potential equal to an
average potential.

45. The liquid crystal display device of claim 31, wherein
supposing the storage capacitor has a capacitance CCS, the
liquid crystal capacitor has a minimum capacitance CLC-
_min and an electro-optic characteristic of the liquid crystal
layer has a threshold voltage Vth, the effective value of the
oscillation voltage is at least one-tenth of, and at most equal
to, Vth-{(CCS+CLC_min)/CCS}.

46. The liquid crystal display device of claim 7, wherein
the oscillation voltage includes a first oscillation voltage and
a second oscillation voltage, which is different from the first
oscillation voltage, and

wherein the oscillation voltages applied to the respective
second electrodes of the pixels belonging to the arbi-
trary row during the arbitrary vertical scanning period
are either the first oscillation voltage or the second
oscillation voltage.
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