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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for driving the device. More par-
ticularly, the present invention relates to a structure that can
reduce the viewing angle dependence of the y characteristic of
aliquid crystal display device and a method for driving such
a structure.

BACKGROUND ART

[0002] Aliquid crystal display (LCD)1s a flat-panel display
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 expand-
ing 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.

[0003] A twisted-nematic (TN) mode liquid crystal display
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 respective princi-
pal surfaces of upper and lower substrates and are twisted by
about 90 degrees in the thickness direction of the liquid crys-
tal layer between the upper and lower substrates. When a
voltage is applied to the liquid crystal layer, the liquid crystal
molecules change their orientation directions 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 char-
acteristic of its liquid crystal layer due to the change of ori-
entation directions of the liquid crystal molecules in response
to the voltage applied, thereby controlling the quantity of
light transmitted.

[0004] The TN mode liquid crystal display device allows a
broad enough manufacturing margin and achieves high pro-
ductivity. However, the display performance (e.g., the view-
ing angle dependence of the y 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 viewed straightforward, loses much of
the difference in luminance between those grayscales when
viewed obliquely. Furthermore, the grayscale characteristic
of the image being displayed thereon may sometimes invert
itself. That s 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 phenom-
enon”.

[0005] To improve the viewing angle dependence of the r
characteristic of such a TN mode liquid crystal display
device, an inplane switching (IPS) mode liquid crystal dis-
play device (see Patent Document No. 1), a multi-domain
vertical aligned (MVA) mode liquid crystal display device
(see Patent Document No. 2), an axisymmetric aligned
(ASM) mode liquid crystal display device (see Patent Docu-
ment No. 3), and a liquid crystal display device disclosed in
Patent Document No. 4 were developed recently.

Mar. 4, 2010

[0006] A liquid crystal display device operating in any of
these newly developed wide viewing angle modes has over-
come the problems about the viewing angle dependence of
the y characteristic that have been described specifically. That
is to say, in such a liquid crystal display device, even when an
image on the screen is viewed obliquely, the contrast ratio
never decreases significantly or the grayscales never invert.
[0007] Although the display qualities of L.CDs have been
further improved nowadays, ay characteristic’s viewing angle
dependence problem in a different phase has surfaced just
recently. Specifically, the y characteristic of LCDs would vary
with the viewing angle. That is to say, the y characteristic
when an image on the screen is viewed straight is different
from the characteristic when it is viewed obliquely. As used
herein, the “y characteristic” refers to the grayscale depen-
dence of display luminance and will also be referred to herein
as “grayscale luminance characteristic”. That is why if the y
characteristic when the image is viewed straight is different
from the characteristic when the same image is viewed
obliquely, then it means that the grayscale display state
changes according to the viewing direction. This is a serious
problem particularly when a still picture such as a photo is
presented or when a TV program is displayed.

[0008] The viewing angle dependence of the y characteris-
tic is more significant in the MVA and ASM modes rather than
in the IPS mode. According to the IPS mode, however, it is
more difficult to make panels that realize a high contrast ratio
when the image on the screen is viewed straight with good
productivity rather than in the MVA and ASM modes. Taking
these circumstances into consideration, it is particularly nec-
essary to reduce the viewing angle dependence of the y char-
acteristic of MVA and ASM mode liquid crystal display
devices, among other things.

[0009] To overcome such a problem, the applicant of the
present application disclosed a liquid crystal display device
that can reduce the viewing angle dependence of the y char-
acteristic (or an excessively high contrast ratio of white por-
tions of an image, among other things) by dividing a single
pixel into a number of subpixels, and a method for driving
such a device in Patent Document No. 5. Such a display or
drive mode will sometimes be referred to herein as “area-
grayscale display”, “area-grayscale drive”, “multi-pixel dis-
play” or “multi-pixel drive”.

[0010] Patent Document No. 5 discloses a liquid crystal
display device in which storage capacitors Cs are provided for
respective subpixels SP of a single pixel P. In the storage
capacitors, the storage capacitor counter electrodes (which
are connected to CS bus lines) are electrically independent of
each other between the subpixels. And by varying the volt-
ages applied to the storage capacitor counter electrodes
(which will be referred to herein as “storage capacitor counter
voltages”), mutually different effective voltages can be
applied to the respective liquid crystal layers of multiple
subpixels by utilizing a capacitance division technique.
[0011] Hereinafter, the pixel division structure of the liquid
crystal display device 200 disclosed in Patent Document No.
5 will be described with reference to FIG. 16. The entire
disclosure of Patent Document No. 5 is hereby incorporated
by reference.

[0012] Thepixel 10 is split into a subpixel 10z and another
subpixel 105. To the subpixels 104 and 105, connected are
their associated TFTs 16a and 165 and their associated stor-
age capacitors (CS) 224 and 225, respectively. The gate elec-
trodes ofthe TFTs 16a and 165 are both connected to the same
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scan line 12. And the source electrodes of the TFTs 16a and
164 are connected to the same signal line 14. The storage
capacitors 22a and 220 are connected to their associated
storage capacitor lines (CS bus lines) 24a and 24b, respec-
tively. The storage capacitor 22« includes a storage capacitor
electrode that is electrically connected to the subpixel elec-
trode 18a, a storage capacitor counter electrode that is elec-
trically connected to the storage capacitor line 24a, and an
insulating layer (not shown) arranged between the electrodes.
The storage capacitor 225 includes a storage capacitor elec-
trode that is electrically connected to the subpixel electrode
185, a storage capacitor counter electrode that is electrically
connected to the storage capacitor line 245, and an insulating
layer (not shown) arranged between the electrodes. The
respective storage capacitor counter electrodes of the storage
capacitors 22a and 225 are independent of each other and
have such a structure as receiving mutually different storage
capacitor counter voltages from the storage capacitor lines
24a and 24b, respectively.

[0013] Hereinafter, the principle on which mutually differ-
ent effective voltages can be applied to the respective liquid
crystal layers of the two subpixels 10a and 105 of the liquid
crystal display device 200 will be described with reference to
the accompanying drawings.

[0014] FIG. 17 schematically shows the equivalent circuit
of one pixel of the liquid crystal display device 200. In this
electrical equivalent circuit, the liquid crystal layers of the
subpixels 10a and 105 are identified by the reference numer-
als 13a and 135, respectively. A liquid crystal capacitor
formed by the subpixel electrode 18a, the liquid crystal layer
13a, and the counter electrode 17 will be identified by Clca.
On the other hand, a liquid crystal capacitor formed by the
subpixel electrode 185, the liquid crystal layer 135, and the
counter electrode 17 will be identified by Clcb. The same
counter electrode 17 is shared by these two subpixels 10a and
105.

[0015] The liquid crystal capacitors Clca and Clcb are sup-
posedto have the same electrostatic capacitance CLC (V) The
value of CLC (V) depends on the effective voltages (V)
applied to the liquid crystal layers of the respective subpixels
10a and 105. Also, the storage capacitors 22a and 225 that are
connected independent of each other to the liquid crystal
capacitors of the respective subpixels 10a and 105 will be
identified herein by Ccsa and Cesb, respectively, which are
supposed to have the same electrostatic capacitance CCs.

[0016] Inthe subpixel 10a, one electrode of the liquid crys-
tal capacitor Clea and one electrode of the storage capacitor
Ccsa are connected to the drain electrode of the TFT 16a,
which is provided to drive the subpixel 10a. The other elec-
trode of the liquid crystal capacitor Clca is connected to the
counter electrode. And the other electrode of the storage
capacitor Cesa is connected to the storage capacitor line 24a.
In the subpixel 105, one electrode of the liquid crystal capaci-
tor Clcb and one electrode of the storage capacitor Cesb are
connected to the drain electrode of the TFT 1654, which is
provided to drive the subpixel 105. The other electrode of the
liquid crystal capacitor Clcb is connected to the counter elec-
trode. And the other electrode of the storage capacitor Cesb is
connected to the storage capacitor line 24b. The gate elec-
trodes of the TFTs 16a and 165 are both connected to the scan
line 12 and the source electrodes thereof are both connected to
the signal line 14.
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[0017] Portions (a) through (f) of FIG. 18 schematically
show the timings to apply respective voltages to drive the
liquid crystal display device 200.

[0018] Specifically, portion (a) of FIG. 18 shows the volt-
age waveform Vs of the signal line 14; portion (b) of FIG. 18
shows the voltage waveform Vesa of the storage capacitor
line 24a; portion (c) of FIG. 18 shows the voltage waveform
Vesb of the storage capacitor line 245; portion (d) of FIG. 18
shows the voltage waveform Vg of the scan line 12; portion
(e) of FIG. 18 shows the voltage waveform Vlca of the pixel
electrode 184 of the subpixel 10q; and portion (f) of FIG. 18
shows the voltage waveform Vlcb of the pixel electrode 185
of the subpixel 105. In FIG. 18, the dashed line indicates the
voltage waveform COMMON (Vcom) of the counter elec-
trode 17.

[0019] Hereinafter, it will be described with reference to
portions (a) through (f) of FIG. 18 how the equivalent circuit
shown in FIG. 17 operates.

[0020] First, at a time T1, the voltage Vg rises from VgL to
VgH to turn the TFTs 164 and 165 ON simultaneously. As a
result, the voltage Vs on the signal line 14 is transmitted to the
subpixel electrodes 182 and 185 of the subpixels 10a and 105
to charge the subpixels 10a and 105 with the voltage Vs. Inthe
same way, the storage capacitors Csa and Csb of the respec-
tive subpixels are also charged with the voltage on the signal
line.

[0021] Next, atatime T2, the voltage Vg on the scan line 12
falls from VgH to VgL to turn the TFTs 16a and 1656 OFF
simultaneously and electrically isolate the subpixels 10a and
105 and the storage capacitors Csa and Csb from the signal
line 14. It should be noted that immediately after that, due to
the feedthrough phenomenon caused by a parasitic capaci-
tance of the TFTs 16a and 165, for example, the voltages Vlca
and Vicb applied to the respective subpixel electrodes
decrease by approximately the same voltage Vd to:

Vica=Vs-Vd
Vich=Vs-Vd

respectively. Also, in this case, the voltages Vesa and Vesb on
the storage capacitor lines are:

Vesa=Veom-Vad

Vesb=Veom+Vad

respectively.

[0022] Next, at a time T3, the voltage Vcsa on the storage
capacitor line 24a connected to the storage capacitor Csa rises
from Vecom-Vad to Veom+Vad and the voltage Vesb on the
storage capacitor line 245 connected to the storage capacitor
Csb falls from Vcom+Vad to Vecom-Vad. That is to say, these
voltages Vesa and Vesb both change twice as much as Vad. As
the voltages on the storage capacitor lines 24a and 245 change
in this manner, the voltages Vlca and Vicb applied to the
respective subpixel electrodes change into:

Vica=Vs-Vd+2xKcxVad
Vieh=Vs-Vd-2xKexVad

respectively, where Ke=CCS/(CLC(V)+CCS) and x is the
symbol of multiplication.

[0023] Next, at a time T4, Vcsa falls from Vcom+Vad to
Veom-Vad and Vesb rises from Veom-Vad to Veom+Vad.
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Thatis to say, these voltages Vesaand Vesb both change twice
as much as Vad again. In this case, Vlca and Vicb also change
from

Vica=Vs-Vd+2xKexVad

Vicb=Vs-Vd-2xKcx Vad
into

Vica=Vs-Vd

Vieb=Vs-Vd

respectively.

[0024] Next, at a time T5, Vcsa rises from Vcom-Vad to
Vcom+Vad and Vcesb falls from Veom+Vad to Veom-Vad.
Thatis to say, these voltages Vesaand Vesb both change twice
as much as Vad again. In this case, Vlca and Vicb also change
from

Vica=Vs-Vd

Vicb=Vs-Vd
into

Vica=Vs-Vd+2xKexVad

Vicb=Vs-Vd-2xKcxVad

respectively.

[0025] After that, every time a period of time that is an
integral number of times as long as one horizontal scanning
period (or one horizontal write period) 1H has passed, the
voltages Vesa, Vesb, Vicaand Vieb alternate their levels at the
times T4 and T5. Consequently, the effective values of the
voltages Vlca and Vicb applied to the subpixel electrodes
become:

Viea=Vs-Vd+KexVad

Vicb=Vs-Vd-KexVad

respectively.

[0026] Therefore, the effective voltages V1 and V2 applied
to the liquid crystal layers 134 and 135 of the subpixels 10a
and 105 become:

V1=Vica-Vecom

V2=Vich-Vcom
That is to say,

V1=Vs-Vd+KcxVad-Vcom

V2=Vs-Vd-Kcex Vad-Veom

respectively.
[0027] Asaresult, the difference AV12 (=V1-V2) between
the effective voltages applied to the liquid crystal layers 13a
and 135 of the subpixels 10a and 105 becomes AV12=2xKcx
Vad (where Kc=CCS/(CLC(V)+CCS)). Thus, mutually dif-
ferent voltages can be applied to the liquid crystal layers 13a
and 13b.
[0028] Patent Document No. 1: Japanese Patent Gazette
for Opposition No. 63-21907
[0029] Patent Document No. 2: Japanese Patent Appli-
cation Laid-Open Publication No. 11-242225
[0030] Patent Document No. 3: Japanese Patent Appli-
cation Laid-Open Publication No. 10-186330
[0031] Patent Document No. 4: Japanese Patent Appli-
cation Laid-Open Publication No. 2002-55343
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[0032] Patent Document No. 5: Japanese Patent Appli-
cation Laid-Open Publication No. 2004-62146

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0033] In the pixel division structure disclosed in Patent
Document No. 5, the greater the pixel division number (i.e.,
the number of subpixels into which a pixel is divided), the
lighter the viewing angle dependence of the y characteristic
but the lower the transmittance (i.e., the aperture ratio of the
pixel) as well.

[0034] Inorderto overcome the problems described above,
the present invention has an object of providing a liquid
crystal display device that can reduce the viewing angle
dependence of the y characteristic while minimizing the
decrease in transmittance (the aperture ratio of a pixel) and
also providing a method for driving such a device.

Means for Solving the Problems

[0035] A liquid crystal display device according to the
present invention includes a plurality of pixels that are
arranged in columns and rows so as to form a matrix pattern.
Each pixel includes a liquid crystal layer and a plurality of
electrodes for applying a voltage across the liquid crystal
layer. Each pixel includes a first subpixel SP1 and a second
subpixel SP2, having liquid crystal layers to which mutually
different voltages are applicable in displaying a certain gray-
scale. Each of the first and second subpixels SP1 and SP2
includes a liquid crystal capacitor formed by a counter elec-
trode and a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and a storage capacitor
formed by a storage capacitor electrode that is electrically
connected to the subpixel electrode, an insulating layer, and a
storage capacitor counter electrode that is opposed to the
storage capacitor electrode with the insulating layer inter-
posed between them. The counter electrode is a single elec-
trode provided in common for the first and second subpixels
SP1 and SP2, while the storage capacitor counter electrodes
of the first and second subpixels SP1 and SP2 are electrically
independent of each other. Every vertical scanning period
V-Total of an input video signal, a common display signal
voltage is applied to the respective subpixel electrodes of the
first and second subpixels SP1 and SP2, and storage capacitor
counter voltages applied independently to the storage capaci-
tor counter electrodes of the first and second subpixels SP1
and SP2 are varied within each vertical scanning period of the
input video signal, whereby each vertical scanning period
V-Total of the input video signal includes a first subframe
SFA in which the first and second subpixels SP1 and SP2 have
luminances Y_SP1_A andY_SP2_A, respectively, and a sec-
ond subframe SFB in which the first and second subpixels
SP1 and SP2 have luminances Y_SP1_B and Y_SP2_B,
respectively, where Y_SP1_A=Y_SP2_A, Y_SP1_B=zY_
SP2_B, and Y_SP1_A=Y_SP1_B or Y_SP2_A=Y_SP2_B
are satisfied. Naturally, all of Y_SP1_A=Y_SP2_A,Y_SP1_
B=Y_SP2 B, Y _SP1_ A=Y SP1 B and Y_SP2 _A=Y_
SP2_B may be satisfied at the same time, where = is a math-
ematical symbol meaning “not equal to”.

[0036] Inone preferred embodiment, the liquid crystal dis-
play device further includes a plurality of storage capacitor
lines, each of which is connected to the storage capacitor
counter electrodes of the first and second subpixels SP1 and
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SP2 of an associated one of the pixels, and the storage capaci-
tor lines are electrically independent of each other.

[0037] In another preferred embodiment, the liquid crystal
display device further includes: a plurality of storage capaci-
tor lines, each of which is connected to the storage capacitor
counter electrodes of the first and second subpixels SP1 and
SP2 of an associated one of the pixels, and a number of
storage capacitor trunks that are electrically independent of
each other. Each of the storage capacitor lines is connected to
an associated one of the storage capacitor trunks.

[0038] In still another preferred embodiment, the storage
capacitor counter voltages are oscillating voltages. In a ver-
tical scanning period V-Total of the input video signal, the
storage capacitor counter voltages applied to the respective
storage capacitor counter electrodes of the first and second
subpixels SP1 and SP2 have phases that are different from
each other by 180 degrees.

[0039] In yet another preferred embodiment, the storage
capacitor counter voltages are oscillating voltages. And the
storage capacitor counter voltages applied to the storage
capacitor counter electrode of the first subpixel in the first and
second subframes SFA and SFB of a vertical scanning period
V-Total of the input video signal have mutually different
amplitudes.

EFFECTS OF THE INVENTION

[0040] In the liquid crystal display device of the present
invention, each pixel is divided not just spatially but also
temporally. That is why compared to a conventional pixel
division structure in which each pixel is divided only spa-
tially, the liquid crystal display device of the present invention
achieves a similar degree of viewing angle dependence of the
v characteristic and higher transmittance.

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIGS. 1(a) and 1(b) are schematic representations
illustrating the pixel structure of Conventional LCD 1 and
how it operates, wherein FIG. 1(a) is an equivalent circuit
diagram of a single pixel thereof and FIG. 1(5) shows how the
luminance, gate voltage and storage capacitor counter voltage
(CS voltage) of the pixel change with time.

[0042] FIGS. 2(a) and 2(b) are schematic representations
illustrating the pixel structure of Conventional LCD 2 and
how it operates, wherein FIG. 2(a) is an equivalent circuit
diagram of a single pixel thereofand FIG. 2(b) shows how the
luminance, gate voltage and storage capacitor counter voltage
(CS voltage) of the pixel change with time.

[0043] FIG. 3 isa schematic representation illustrating how
the Inventive LCD operates by showing how the luminance,
gate voltage and storage capacitor counter voltage (CS volt-
age) of each pixel change with time.

[0044] FIG. 4A schematically illustrates the waveforms of
CS voltages applied to Conventional LCD 2 with the pixel
division structure shown in FIG. 2(a) and effective voltages
applied to the respective liquid crystal layers of the subpixels
when the subpixel are bright subpixels.

[0045] FIG. 4B schematically illustrates the waveforms of
CS voltages applied to Conventional LCD 2 with the pixel
division structure shown in FIG. 2(a) and effective voltages
applied to the respective liquid crystal layers of the subpixels
when the subpixels are dark subpixels.

[0046] FIG.4C is an equivalent circuit diagram illustrating
how CS bus lines are connected to the respective storage
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capacitors of subpixels in Conventional LCD 2 with the pixel
division structure shown in FIG. 2(a).

[0047] FIG. 5 is a graph showing how the effective voltage
applied to a subpixel changes with the display signal voltage
(or signal line voltage) in Conventional LCD 2 shown in
FIGS. 4A and 4B.

[0048] FIG. 6A illustrates the waveforms of CS voltages
applied to Inventive LCD 1 and the effective voltages applied
to subpixels when the subpixels are bright subpixels.

[0049] FIG. 6B illustrates the waveforms of CS voltages
applied to Inventive LCD 1 and the effective voltages applied
to subpixels when the subpixels are dark subpixels.

[0050] FIG. 71s a graph showing how the effective voltages
applied to subpixels change with the display signal voltage
(i.e., signal line voltage) in Inventive LCD 1 shown in FIGS.
6A and 6B.

[0051] FIG. 8A is a graph showing the viewing angle
dependence of the y characteristic of Conventional LCD 1.
[0052] FIG. 8B is a graph showing the viewing angle
dependence of the r characteristic of Conventional LCD 2.
[0053] FIG. 8C is a graph showing the viewing angle
dependence of the y characteristic of Inventive LCD 1.
[0054] FIG. 9A illustrates the waveforms of CS voltages
applied to Inventive LCD 2 and the effective voltages applied
to subpixels when the subpixels are bright subpixels.

[0055] FIG. 9B illustrates the waveforms of CS voltages
applied to Inventive LCD 2 and the effective voltages applied
to subpixels when the subpixels are dark subpixels.

[0056] FIG. 9C illustrates how CS bus lines are connected
to the respective storage capacitors of subpixels in Inventive
LCD 2.

[0057] FIG. 10 is a graph showing how the effective volt-
ages applied to subpixels change with the display signal volt-
age (i.e., signal line voltage) in Inventive LCD 2 shown in
FIGS. 9A and 9B.

[0058] FIG. 11 is an equivalent circuit diagram illustrating
how CS bus lines are connected to the respective storage
capacitors of subpixels in Inventive LCD 3.

[0059] FIG. 12 shows exemplary waveforms for gate volt-
ages and CS voltages for use in Inventive LCD 3 shown in
FIG. 11.

[0060] FIG. 13 is an equivalent circuit diagram illustrating
how CS bus lines may also be connected to the respective
storage capacitors of subpixels in Inventive LCD 3.

[0061] FIG. 14 shows exemplary waveforms for gate volt-
ages and CS voltages for use in Inventive LCD 3 shown in
FIG. 13.

[0062] FIG. 15 shows the timings to write display signal
voltages on respective pixels by the solid lines and the times
when the luminances change on those pixels by the dashed
lines in the liquid crystal display device to be driven with the
gate voltages and CS voltages shown in FI1G. 14.

[0063] FIG. 16 schematically illustrates the pixel division
structure of the liquid crystal display device 200 disclosed in
Patent Document No. 5.

[0064] FIG. 17 shows an electrical equivalent circuit cor-
responding to the pixel structure of the liquid crystal display
device 200.

[0065] Portions (a) through (f) of FIG. 18 show the wave-
forms of voltages applied to drive the liquid crystal display
device 200.

DESCRIPTION OF REFERENCE NUMERALS

[0066]
[0067]

10 pixel
10a, 105 subpixel
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[0068] 12 scan line (gate bus line)

[0069] 14a. 145 signal line (source bus line)

[0070] 16a.165TFT

[0071] 18a. 185 subpixel electrode

[0072] 200 liquid crystal display device

BEST MODE FOR CARRYING OUT THE

INVENTION

[0073] Hereinafter, the configuration and operation of a

liquid crystal display device as a preferred embodiment of the
present invention and a method for driving such a device will
be described with reference to the accompanying drawings.
[0074] First of all, the features of a liquid crystal display
device as a preferred embodiment of the present invention
(which will be referred to herein as “Inventive LCD”) will be
described briefly by comparing the Inventive LCD to a typical
conventional liquid crystal display device thatis not subjected
to the multi-pixel drive (which will be referred to herein as
“Conventional LCD 1) and the liquid crystal display device
to be subjected to the multi-pixel drive as disclosed in Patent
Document No. 5 (which will be referred to herein as “Con-
ventional LCD 27).

[0075] FIGS. 1(a) and 1(b) are schematic representations
illustrating the pixel structure of Conventional LCD 1 and
how it operates, wherein FIG. 1(a) is an equivalent circuit
diagram of a single pixel thereofand FIG. 1(5) shows how the
luminance, gate voltage and storage capacitor counter voltage
(CS voltage) of the pixel change with time. FIGS. 2(a) and
2(b) are schematic representations illustrating the pixel struc-
ture of Conventional LCD 2 and how it operates, wherein
FIG. 2(a) is an equivalent circuit diagram of a single pixel
thereof and FIG. 2(b) shows how the luminance, gate voltage
and storage capacitor counter voltage (CS voltage) of the
pixel change with time. And FIG. 3 is a schematic represen-
tation illustrating how the Inventive LCD operates by show-
ing how the luminance, gate voltage and storage capacitor
counter voltage (CS voltage) of each pixel change with time.
It should be noted that each pixel of the Inventive LCD is
represented by the same equivalent circuit diagram as the one
shown in FIG. 2(a) but the Inventive LCD has different CS
voltage waveforms from the ones shown in FIG. 2(a).
[0076] FIGS. 1(b), 2(b) and 3 show the variations in those
levels of the liquid crystal display devices over two vertical
scanning periods. In this case, the display signal voltage is
supposed to be constant over the two consecutive vertical
scanning periods. As used herein, one “vertical scanning
period” is defined to be an interval between a point in time
when one scan line is selected to write a display signal voltage
and a point in time when that scan line is selected to write the
next display signal voltage. In each of these drawings, while
the gate voltage is high, the associated scan line (gate bus line)
is selected and the display signal voltage is written on a pixel
electrode (i.e., a subpixel electrode) by way of an associated
signal line (source bus line). Also, each of one frame period of
a non-interlaced drive input video signal and one field period
of an interlaced drive input video signal will be referred to
herein as “one vertical scanning period of the input video
signal”. Normally, one vertical scanning period of a liquid
crystal display device corresponds to one vertical scanning
period of the input video signal. In the example to be
described below, one vertical scanning period of the liquid
crystal display panel is supposed to correspond to that of the
input video signal for the sake of simplicity. However, the
present invention is in no way limited to that specific pre-
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ferred embodiment. Alternatively, the present invention is
also applicable to a so-called “2x drive” with a vertical scan-
ning frequency of 120 Hz in which two vertical scanning
periods of the liquid crystal display panel (that lasts 2x1/120
sec, for example) are allocated to one vertical scanning period
of the input video signal (that lasts Yo sec, for example).

[0077] As shown in FIG. 1(a), in Conventional LCD 1, a
single liquid crystal capacitor Clc and a single storage capaci-
tor Cs are provided for each pixel, and a counter voltage
Vecom to be applied to a counter electrode that is normally
arranged so as to face a pixel electrode through aliquid crystal
layer (which will also be referred to herein as a “common
electrode”) is supplied as the CS voltage. Unless otherwise
stated, each voltage waveform is illustrated herein by refer-
ence to the counter voltage. In FIG. 1(b), Vcom is supplied as
the CS voltage and a situation where the same display signal
voltage is written on the pixel electrode over two consecutive
vertical scanning periods is illustrated. As shown in FIG. 1(5),
in Conventional LCD 1, the entire pixel shows a constant
luminance through the two vertical scanning periods. That is
why this pixel can be said as having a “spatial division num-
ber” of one and a “temporal division number” of one. In this
example, one vertical scanning period of the liquid crystal
display device is supposed to be as long as one frame (1F) and
an associated display signal voltage is supplied to the pixel
electrode every frame.

[0078] In Conventional LCD 2 shown in FIG. 2(a), each
pixel has two subpixels A and B. Subpixel A includes a liquid
crystal capacitor Clca and a CS capacitor Ccsa, while sub-
pixel B includes a liquid crystal capacitor Clcb and a CS
capacitor Cesb. A CS voltage CS-A is applied to the storage
capacitor counter electrode of Cesa, while a CS voltage CS-B
is applied to the storage capacitor counter electrode of Cesb.
As schematically shown in FIG. 2(a), two oscillating volt-
ages, of which the phases are different from each other by 180
degrees (e.g., rectangular waves having a duty ratio of one to
one) are typically supplied as the CS voltages. As a result, as
shown in FIG. 2(b), one subpixel (e.g., subpixel A in this
example) becomes a bright subpixel and the other subpixel
(e.g., subpixel B in this example) becomes a dark subpixel.
When a display signal voltage corresponding to a half tone is
applied, Conventional LCD 2 displays a luminance represent-
ing the display signal voltage applied to the subpixel elec-
trodes as the average (i.e., the area average) of the luminarnces
displayed by the bright and dark subpixels that are respec-
tively higher and lower than the luminance (or grayscale)
represented by the display signal voltage. That is why this
pixel has a spatial division number of two. On the other hand,
each of these two subpixels A and B has a constant luminance
through the two consecutive vertical scanning periods. Thus,
this pixel has a temporal division number of one. The present
inventors discovered and confirmed via experiments that by
increasing the pixel division number (i.e., the spatial division
number) of Conventional LCD 2, the viewing angle depen-
dence of the y characteristic could be reduced. However, as
can be seen easily by comparing FIG. 2(b) to FIG. 1(d), if a
pixel were split, then the area not contributing to display
would increase and the transmittance (or the aperture ratio of
the pixel) would decrease.

[0079] An LCD as a preferred embodiment of the present
invention is characterized in that the spatially divided pixel of
Conventional LCD 2 is also divided temporally. To divide a
pixel temporally will be sometimes referred to herein as
“luminance modulation”. Inventive LCD has the same pixel
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division structure as Conventional LCD 2 shown in FIG. 2(a)
but is different from Conventional LCD 2 in that each frame
is also split into two.

[0080] In this example, each frame is split into two sub-
frames SF_A and SF_B as shown in FIG. 3, and each of the
subpixels A and B has two different luminances in the sub-
frames SF_A and SF_B. Therefore, a single pixel is divided
into four (=2x2). In the example illustrated in FIG. 3, each of
the subpixels A and B has a lower luminance in the subframe
SF_A than in the subframe SF_B. The luminance displayed
by a single pixel in one frame (i.e., a luminance representing
the display signal voltage) becomes the average of the lumi-
nances in these two subframes SF_A and SF_B.

[0081] Supposing the spatial division number is m and the
temporal division number is n, the effective division number
becomes their product, i.e., mxn, as described above. It
should be noted that the temporal division does not involve
any decrease in pixel aperture ratio. That is why by introduc-
ing the temporal division, the division number can be
increased without decreasing the pixel aperture ratio, which
would otherwise be caused if the pixel division number were
increased just spatially. Consequently, Inventive LCD in
which each pixel is divided into n temporally can have n times
as large a pixel division number as Conventional LCD 2.
[0082] An LCD as a preferred embodiment of the present
invention is characterized in that the difference in luminance
between the subframes is produced by the CS voltage. As
shown in FIG. 3, each of the CS voltages CS-A and CS-B
changes (from o into ) every subframe, thereby changing the
luminances of each subpixel on a subframe-by-subframe
basis. That is to say, although the display signal voltage is
applied to each pixel electrode only once a frame, each CS
voltage has its levels changed within one scanning period
(which will be sometimes referred to herein as “CS voltage
waveform modulation) without shortening one vertical scan-
ning period of the liquid crystal display device (or without
increasing the vertical scanning frequency thereof), thereby
dividing the pixel temporally. For that reason, unlike a driving
method in which one vertical scanning period is shortened,
the write scanning control never gets complicated or the time
for charging each pixel capacitor never becomes shorter,
either. Consequently, the time for getting a write scanning of
the display signal voltage done once (i.e., one vertical scan-
ning period) can be as long as that of a typical liquid crystal
display device or Conventional LCD 2.

[0083] Hereinafter, it will be described in detail with refer-
ence to FIG. 3 exactly how the 2x2 divided Inventive LCD
operates. In the following description, the subpixels A and B
that can display mutually different luminances will be
referred to herein as a “first subpixel SP1” and a “second
subpixel SP2”, respectively. Each of these subpixels SP1 and
SP2 has its luminance levels changed (i.e., subjected to a
luminance modulation) every subframe, which is a half as
long as one frame. That is why in this Inventive LCD, the
luminance displayed by each pixel in one frame is divided
into four. The luminance Y displayed by a pixel in one frame
(i.e., the luminance (or grayscale) representing the display
signal voltage supplied per frame) can be represented by the
following Equation (1):

Y=(Y_SP1_A+Y_SP1_B+Y SP2_A+Y SP2_R)y4 oY
whereY_SP1_A is the luminance of the subpixel SP1 during

the subframe period SFA, Y_SP1_B is the luminance of the
subpixel SP1 during the subframe period SFB, Y_SP2_A is
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the luminance of the subpixel SP2 during the subframe period
SFA, and Y_SP2_B is the luminance of the subpixel SP2
during the subframe SFB.

[0084] This Equation (1) represents a situation where each
pixel is equally split into two both spatially and temporally
alike. That is to say, this is an equation representing a situation
where four divided luminances equally contribute to display-
ing the luminance Y of a pixel. On the other hand, a situation
where the luminance of a pixel is not equally split spatially
and temporally may be represented in the following manner.
[0085] Supposing the area of a pixel is S and the areas of its
subpixels SP1 and SP2 are S_SP1 and S_SP2, respectively,
the area ratios of these subpixels are given by S_SP1/S and
S_SP2/S, respectively. Also, supposing one frame period is T
and respective periods of the subframes SFA and SFB are
T_SFA and T_SFB, the period ratios of these subframes are
given by T_SFA/T and T_SFB/T, respectively. That is why
the luminance Y displayed by the pixel is represented by the
following Equation (2):

Y_SPI_Ax(S_SP1) (T_SFA) @
Y= X +
S T
Y SPLBX(S SP) (I SFB)
s T
Y SP2 Ax(S SPY) (T SFA)
S T
Y_SP2_Bx(S_SP2) o (T_SFB)
N T
[0086] Naturally, the luminance of a pixel does not have to

be split into two either spatially or temporally. Instead, sup-
posing the spatial division number is m and the temporal
division number is n, the luminance Y displayed by a pixel
may also be represented by the following Equation (3) just
like Equation (2):

z {Y,sp(k),a )X (S_SP)  (T_SHI ))} 3

N T

Y=

m
k=1 I=

whereY_SP(k)_(1) represents the luminance of ak™ one of m
spatially divided subpixels in an 1 one of n divided sub-
frames.

[0087] In this case, the subpixels may be numbered arbi-
trarily unless multiple subpixels are identified by the same
number.

[0088] A liquid crystal display device as a preferred
embodiment of the present invention achieves not only the
viewing angle dependence of the y characteristic comparable
to that of a pixel that has been divided into nxm subpixels by
using a pixel that has been spatially divided into m subpixels
but also as high a pixel aperture ratio as that of Conventional
LCD 2 in which a pixel is divided spatially into m subpixels.
In addition, since the temporal division is done by modulating
the CS voltage, there is no need to shorten one vertical scan-
ning period. As a result, the time for writing the display signal
voltage is never shorter than in Conventional LCD 2.

[0089] Hereinafter, a liquid crystal display device accord-
ing to the present invention and a method for driving the
device will be described in detail by way of specific preferred
embodiments.
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[0090] First of all, it will be described with reference to the
accompanying drawings how the liquid crystal display device
of the present invention (i.e., Inventive LCD) modulates the
waveforms of CS voltages in comparison with the conven-
tional multi-pixel drive method (i.e., Conventional LCD 2).
The following description will be focused on how the effec-
tive voltages applied to the subpixels may be different even
though the same display signal voltage is applied to the sub-
pixels by paying attention to the difference between the effec-
tive voltages actually applied to the respective subpixels.
[0091] FIGS. 4A and 4B schematically illustrate the wave-
forms of CS voltages applied to Conventional LCD 2 with the
pixel division structure shown in FIG. 2(a) and effective
voltages applied to the respective liquid crystal layers of the
subpixels. And FIG. 4C illustrates how CS bus lines are
connected to the respective storage capacitors of subpixels. In
these drawings, the gate bus lines (corresponding to rows of
pixels) are identified by 1, m, 0, g, 1, s and t, which are integers
that are equal to or greater than one and that represent the
respective numbers of the gate bus lines. Naturally, these
signs are totally different from the signs (including m and n)
representing the division numbers.

[0092] FIG. 4A illustrates waveforms for the bright sub-
pixel, while FIG. 4B illustrates waveforms for the dark sub-
pixel. In FIGS. 4A and 4B, shown at the top is the signal
waveform of the CS voltage applied to the storage capacitor
counter electrode (or the CS bus line) of that subpixel. And
under the CS voltage waveform, shown are the waveforms of
a gate voltage applied to multiple arbitrary subpixels and
voltages applied to the subpixel (i.e., the voltage applied to
the subpixel electrode thereof). The dashed line shown on the
subpixel applied voltages indicates the counter electrode volt-
age. Consequently, the effective voltage applied to the liquid
crystal layer of each subpixel becomes the effective value of
the shadowed portions shown in FIG. 4A or 4B.

[0093] Look how the CS voltage waveform changes with
time, and it can be seen that in an interval between a point in
time when the gate voltage for an arbitrary pixel becomes
VgH (to turn the TFT ON) and a point in time when the same
voltage becomes VgH next time (to turn the TFT ON again),
which corresponds to one vertical scanning period (e.g., one
frame in this example), there are two kinds of waveforms, i.e.,
a waveform for a Z period and a waveform for an A period.
[0094] The 7 period is provided for a vertical blanking
interval, which is included in each vertical scanning period of
the input video signal, to regulate the waveform of the CS
voltage. In general, one vertical scanning period (which will
be referred to herein as “V-Total”) of an input video signal is
made up of an effective display period (which will be referred
to herein as “V-Disp”) in which video is presented and a
vertical blanking interval (which will be referred to herein as
“V-Blank™) in which no video is presented. The effective
display period for presenting video is determined by the dis-
play area (or the number of effective pixels) of an LCD panel.
On the other hand, the vertical blanking interval is an interval
for signal processing, and therefore, is not always constant
but changes from one manufacturer of TV receivers to
another. For instance, if the display area has 768 rows of
pixels (in an XGA), the effective scanning period is fixed at
768x one horizontal scanning period (H) (which will be iden-
tified herein by “768H”). However, in one case, one vertical
blanking interval may be 35H and one vertical scanning
period V-Total may be 803H. In another case, one vertical
blanking interval may be 36H and one vertical scanning
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period V-Total may be 804H. Furthermore, the length of one
vertical blanking interval may even alternate between an odd
number and an even number (e.g., 803H and 804H) every
vertical scanning period. That is to say, ifthe vertical blanking
interval V-Blank of the input video signal varied, processing
to avoid display defects is carried out in the Z period, which
does not contribute to modulating the luminance of a subpixel
that is one of the objects of the present invention. That is to
say, in the Z and A periods shown in FIGS. 4A and 4B, the
same effective voltage is applied to a subpixel and that sub-
pixel has the same display luminance. In other words, from
the point of view of modulating the display luminance of a
subpixel, the CS voltage waveforms shown in FIGS. 4A and
4B consistof only one type of waveforms, i.e., the ones for the
A period.

[0095] In this example, the CS voltage waveform in the A
period is a rectangular wave that oscillates alternately
between first and second voltage levels and that has a duty
ratio of one to one. However, the CS voltage waveforms
shown in FIGS. 4A and 4B are defined so as to have phases
that are different from each other by 180 degrees, and there-
fore, different voltages are applied to each subpixel in these
two cases. Specifically, according to the CS voltage wave-
form shown in FIG. 4A, the first change of voltages after the
gate voltage has fallen from VgH to VgL is a rise in a subpixel
on which a positive (+) voltage is written but a fall in a
subpixel on which a negative () voltage is written. As a
result, the effective voltage applied to the subpixel (as indi-
cated by the shadow in FIG. 4A) becomes greater than the
display signal voltage supplied from the signal line to the
subpixel electrode (i.e., the voltage written while the gate
voltage is VgH). On the other hand, according to the CS
voltage waveform shown in FIG. 4B, the first change of
voltages after the gate voltage has fallen from VgH to VgL is
a fall in a subpixel on which a positive (+) voltage is written
but a rise in a subpixel on which a negative () voltage is
written. As a result, the effective voltage applied to the sub-
pixel (as indicated by the shadow in FIG. 4B) becomes
smaller than the display signal voltage supplied from the
signal line to the subpixel electrode (i.e., the voltage written
while the gate voltage is VgH). In this manner, although the
display signal voltages applied to the respective subpixel
electrodes of the two subpixels are the same, the effective
voltages applied to those subpixels (as indicated by the
shadow in FIG. 4A or 4B) are different just as already
described with reference to FIG. 18.

[0096] FIG. 5 shows how the effective voltage applied to a
subpixel changes with the display signal voltage (or signal
line voltage) in Conventional LCD 2 shown in FIGS. 4A and
4B. As canbe seen from FIG. 5, in a range where the effective
voltages applied to subpixels are higher than the threshold
voltage of the liquid crystal layer, even though the same
display signal voltage is applied, the effective voltage applied
to the liquid crystal layer of a subpixel is sometimes high
(e.g., the effective voltage VB applied to a bright subpixel)
and sometimes low (e.g., the effective voltage VD applied to
a dark subpixel). In FIG. 5, a variation in the electrostatic
capacitance of the liquid crystal layer with the voltage applied
to the liquid crystal layer is not taken into consideration for
the sake of simplicity of description. Generally speaking, the
lower the voltage applied to a liquid crystal layer, the smaller
the electrostatic capacitance of the liquid crystal layer tends
to be. That is why the lower the voltage applied to a liquid
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crystal layer, the greater the difference between the voltages
applied to subpixels (e.g., the voltage difference between VB
and VD).

[0097] Hereinafter, the configuration and operation of a
liquid crystal display device as a preferred embodiment of the
present invention (i.e., Inventive LCD) will be described.

EMBODIMENT 1

[0098] FIGS. 6a and 6b Illustrate the Waveforms of Cs
Voltages applied to multi-pixel driven Inventive LCD 1 as a
first preferred embodiment of the present invention and the
effective voltages applied to subpixels. Inventive LCD 1 has
the same pixel division structure as the one shown in FIG. 2(a)
and also has the same connection pattern between CS bus
lines and storage capacitors of respective subpixels as the one
shown in FIG. 4C. FIGS. 6 A and 6B respectively correspond
to FIGS. 4A and 4B for Conventional LCD 2. That is to say,
FIG. 6A illustrates waveforms for a bright subpixel and FIG.
6B illustrates waveforms for a dark subpixel.

[0099] Look how the CS voltage waveforms shown in
FIGS. 6A and 6B change with time, and it can be seen that in
an interval between a point in time when the gate voltage for
an arbitrary pixel becomes VgH (to turn the TFT ON) and a
point in time when the same voltage becomes VgH next time
(to turn the TFT ON again), which corresponds to one vertical
scanning period (e.g., one frame in this example), there are
three kinds of waveforms, i.e., a waveform for an A period, a
waveform for a B period, and a waveform for a Z period. In
Conventional LCD 2, each CS voltage waveform consists of
only Z periods and A periods as shown in FIGS. 4A and 4B.
On the other hand, in Inventive LCD 2, each CS voltage
waveform has A, B and Z periods as shown in FIGS. 6A and
6B. And the Z period is the same in both of these two types of
LCDs. That is to say, the CS voltage waveform of Inventive
LCD 1 has A and B periods to make the effective voltages
applied to the subpixel and the display luminances of the
subpixel different from each other.

[0100] In this example, by making the CS voltage wave-
form have two different duty ratios in the A and B periods, the
effective voltages applied to the subpixel and the display
luminances of the subpixel can be different from each other
between the A and B periods.

[0101] Supposing the A and B periods will be referred to
herein as “first subframe” and “second subframe”, respec-
tively, one vertical scanning period V-Total of the input video
signal includes a first subframe SFA in which the first and
second subpixels SP1 and SP2 have luminances Y_SP1_A
and Y_SP2_A, respectively, and a second subframe SFB in
which the first and second subpixels SP1 and SP2 have lumi-
nances Y_SP1_BandY_SP2_B, respectively, where Y_SP1_
A=Y_SP2_A, Y_SP1_B=Y_SP2_B, and Y_SP1_A=Y_
SP1_ BandY SP2 A=Y SP2 B are satisfied.

[0102] Look at the CS voltage waveform for the bright
subpixel (which will be identified herein by SP1) shown in
FIG. 6A, and it can be seen that a proportion of the A period
with a first voltage level is longer than the rest of the A period
with a second voltage level and that a proportion of the B
period with the first voltage level is shorter than the rest of the
B period with the second voltage level. That is to say, com-
paring the averages of the CS voltage waveform between the
A and B period, it can be seen that the A period has a greater
value than the B period.

[0103] On the other hand, look at the CS voltage waveform
for the dark subpixel (which will be identified herein by SP2)
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shown in FIG. 6B, and it can be seen that a proportion of the
A period with the first voltage level is shorter than the rest of
the A period with the second voltage level and that a propor-
tion of the B period with the first voltage level is longer than
the rest of the B period with the second voltage level. That is
to say, comparing the averages of the CS voltage waveform
between the A and B period, it can be seen that the A period
has a smaller value than the B period.

[0104] By defining the CS voltage waveform as described
above, the voltages applied to subpixels shown in FIGS. 6 A
and 6B come to have the following four types: Type AP to be
applied to a subpixel during an A period of the CS voltage
waveform in a situation where the subpixel is supplied with a
positive display signal voltage; Type AN to be applied to a
subpixel during an A period of the CS voltage waveform in a
situation where the subpixel is supplied with a negative dis-
play signal voltage; Type BP to be applied to a subpixel
during a B period of the CS voltage waveform in a situation
where the subpixel is supplied with a positive display signal
voltage; and Type BN to be applied to a subpixel during a B
period of the CS voltage waveform in a situation where the
subpixel is supplied with a negative display signal voltage.

[0105] According to the subpixel applied voltage wave-
forms shown in FIGS. 6A and 6B, these four types of subpixel
applied voltages are different from each other.

[0106] Specifically, in the subpixel with a relatively high
subpixel applied voltage as shown in FIG. 6A, Types AP and
BN of subpixel applied voltages are greater than Types BP
and AN of subpixel applied voltages. On the other hand, in the
subpixel with a relatively low subpixel applied voltage as
shown in FIG. 6B, Types AP and BN of subpixel applied
voltages are smaller than Types BP and AN of subpixel
applied voltages.

[0107] The greater the subpixel applied voltage, the higher
the display luminance. That is why supposing bright and dark
subpixels are identified by SP1 and SP2, respectively, if the
CS voltage waveform is varied between A and B periods as
described above, then the inequalities Y_SP1_A>Y_SP1_B
andY_SP2_A<Y_SP2_B are satisfied for a pixel on the first
row and the display luminance of each subpixel is temporally
split into two. Also, just like a pixel of Conventional LCD 2,
each pixel of this Inventive LCD 1 is also spatially split into
two subpixels SP1 and SP2 and do satisfy the inequalities
Y_SP1_A>Y SP2 A and Y_SP1 B>Y SP2 B. Conse-
quently, the display luminance of each pixel of this Inventive
LCD 1 is split into four (=22x2).

[0108] FIG. 7 shows how the effective voltages applied to
subpixels change with the display signal voltage (i.e., signal
line voltage) in Inventive LCD 1 shown in FIGS. 6A and 6B.
Two curves VB1 and VB2 associated with the bright subpixel
shown in FIG. 6A and two more curves VD1 and VD2 asso-
ciated with the dark subpixel shown in FI1G. 6B are shown in
FIG. 7. As can be seen, even though the same display signal
voltage is supplied to these two subpixels (or the subpixel
electrodes thereof), four mutually different effective voltages
VB1, VB2, VD1 and VD2 can be applied in a range where the
effective voltages applied to the subpixels are equal to or
greater than the threshold voltage of the liquid crystal layer.
These four effective applied voltages can be obtained by
modifying the CS voltage waveform. In FIG. 7, the voltage
dependence of the electrostatic capacitance of the liquid crys-
tal layer is not taken into consideration, either, for the sake of
simplicity of description as in FIG. 5.
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[0109] The effective applied voltages and the CS voltage
waveforms shown in FIGS. 6A and 6B satisfy the following
relation. Specifically, supposing the average of VB1 and VB2
is identified by VB0 and that of VD1 and VD2 is identified by
VDO, the difference between VB0 and VDO varies according
to the amplitude of the CS voltage. That is to say, if the CS
voltage has zero amplitude, the voltage difference between
VB0 and VDO is also zero. And as the amplitude increases, the
voltage difference between VB0 and VDO widens.

[0110] Meanwhile, the voltage difference between VBI1
and VB2 and the voltage difference between VD1 and VD2
depend on the duty ratio of the CS voltage waveform. For
example, if the CS voltage waveform has a duty ratio of one
to one, the voltage difference becomes equal to zero between
VBI1 and VB2 and between VD1 and VD2. That is to say, on
this condition, the result is the same as in Conventional LCD
2 described above. But as the duty ratio deviates from one to
one (i.e., as the difference between the duration with the first
voltage level and the duration with the second voltage level
widens), the difference between VB1 and VB2 and the dif-
ference between VD1 and VD2 also increase.

[0111] That is to say, the four effective applied voltages
obtained by this preferred embodiment can be defined arbi-
trarily with those features taken into account.

[0112] Optionally, by utilizing the relation described
above, the number of different effective applied voltages
obtained for a single display signal voltage can be further
increased from four.

[0113] For example, in Inventive LCD 1 described above,
one vertical scanning period (e.g., one frame period in this
example) has two periods (i.e., A and B periods) in which the
CS voltage waveform has mutually different duty ratios.
However, as the number of periods (or subframes) is further
increased to three, four and so on, the number of different
effective applied voltages can be increased from four to six,
eight and so on.

[0114] Hereinafter, a difference in the viewing angle
dependence of the y characteristic (grayscale luminance char-
acteristic) between Conventional LCDs 1 and 2 and Inventive
LCD 1 will be described with reference to FIGS. 8A, 8B and
8C, each of which shows the y characteristics of the associ-
ated LCD when the image on the LCD was viewed from a
frontal direction and when that image was viewed obliquely
(e.g., from a viewing angle of 60 degrees on the right-hand
side). In this case, “viewed from the frontal direction” means
being viewed along a normal to the monitor screen, while
viewed obliquely (from a viewing angle of 60 degrees on the
right-hand side)” means being viewed from a direction
defined by an azimuthal direction, which s a horizontal polar-
ization direction (i.e., having an azimuth angle of zero
degrees) of one of the two polarization axes (or transmission
axes) of a pair of polarizers arranged as crossed Nicols and
defined by a polar angle of 60 degrees with respect to the
normal to the monitor screen. In this example, these LCDs are
arranged so as to have a r characteristic of 2.2 when viewed
from the frontal direction.

[0115] As canbe seen from FIG. 8 A, in Conventional LCD
1, when the image was viewed obliquely, the y characteristic
is represented by a curve that is significantly raised upward
and that deviates most from the y characteristic associated
with the frontal viewing angle around the 128 grayscale.
[0116] As can be seen from FIG. 8, Conventional LCD 2
overcomes such a problem, and the y characteristic associated
with the oblique viewing angle tends to be rather close to the
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y characteristic associated with the frontal viewing angle
around the 160”" grayscale. That is to say, the viewing angle
dependence of the y characteristic is reduced significantly
mainly in that grayscale range. This is because at grayscale
levels lower than the 160% grayscale, mostly the brighter one
of the two subpixels of each pixel contributes to the display
operation while the dark subpixel has black display state but
because at grayscale levels that are equal to or higher than the
160™ grayscale, the dark subpixel has an increasing lumi-
nance and contributes to the display operation more and more
significantly. In other words, in Conventional LCD 2, each
pixel 1s split into two subpixels, and therefore, there are two
threshold grayscale levels, at which the luminance start to
increase from the black display state. One of the two gray-
scale levels is black (i.., the 07 grayscale, or the grayscale
level at which the luminance of the bright subpixel starts to
increase), while the other grayscale level is a half tone (e.g.,
around the 160” grayscale, or the grayscale level at which the
luminance ofthe dark subpixel starts to increase). And around
that 160” grayscale, the viewing angle dependence of the y
characteristic can be reduced significantly.

[0117] As can be seen from FIG. 8C, Inventive LCD 1 can
further reduce the viewing angle dependence of the r charac-
teristic compared to Conventional LCD 2. As described
above, Conventional LCD 2 can significantly reduce the
viewing angle dependence of the y characteristic mostly
around the 1607 grayscale. On the other hand, Inventive LCD
1 can reduce the viewing angle dependence no less signifi-
cantly not just around the 1607 grayscale but also around the
96™ and 224™ grayscales as well.

[0118] In Inventive LCD 1, each pixel is substantially
divided into four subpixels and the number of threshold gray-
scale levels increases to four. That is why the number of
grayscale ranges in which the viewing angle dependence of
the y characteristic can be reduced significantly increases to
three, which is obtained by subtracting one (corresponding to
black level) from four (that is the number of threshold gray-
scale levels).

[0119] In this case, attention should be paid to the fact that
the viewing angle dependence of the y characteristic can be
reduced by Inventive LCD 1 even in a low-grayscale range
(i.e., atthe 96” grayscale). This is a significant effect because
to reduce a variation in colors from an oblique viewing angle
in a situation where mixed colors in a half tone range are
displayed on an L.CD, it is important to reduce the viewing
angle dependence in such a low-grayscale range.

[0120] And Inventive LCD 1 also contributes greatly to
reducing the viewing angle dependence of the r characteristic
in the low-grayscale range to get that important task done. On
top of that, Inventive LCD 1 can also shift the grayscale range
in which the viewing angle dependence of the y characteristic
is reduced significantly. The grayscale range in which such an
improvement can be done depends mainly on the area of a
subpixel in the multi-pixel drive mode. Among other things,
the most important low-grayscale range shifts according to
the area ratio of the subpixel that has the highest effective
applied voltage. That is to say, if the area ratio is small, the
improvement is done in a range with lower grayscale levels.
On the other hand, if the area ratio is large, then the improve-
ment is done in a range with higher grayscale levels. Inventive
LCD 1 can change the areas of a subpixel time sequentially.
That is to say, the four terms of Equation (2) mentioned above
apparently correspond to the respective areas of four subpix-
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els. And by changing the proportions of respective subframes,
the area ratios of a subpixel can be changed.

EMBODIMENT 2

[0121] FIGS. 9A and 9B illustrate the waveforms of CS
voltages applied to multi-pixel driven Inventive LCD 2 as a
second preferred embodiment of the present invention and the
effective voltages applied to subpixels. FIG. 9A illustrates
waveforms for the bright subpixel, while FIG. 9B illustrates
waveforms for the dark subpixel. And FIG. 9C illustrates how
CS bus lines are connected to the respective storage capaci-
tors of subpixels. In FIGS. 9A to 9C, the gate bus lines
(corresponding to rows of pixels) are identified by 1, m, o, q,
1, s and t, which are integers that are equal to or greater than
one and that represent the respective numbers of the gate bus
lines. Naturally, these signs are totally different from the signs
(including m and n) representing the division numbers as in
FIGS. 4A 10 4C.

[0122] In Inventive LCD 1 of the first preferred embodi-
ment described above, in any of the bright and dark subpixels,
both subpixels with positive and negative write polarities are
controlled using a single CS voltage waveform. That is why
only one CS voltage waveform is shown in each of FIGS. 6 A
and 6B.

[0123] On the other hand, in Inventive LCD 2 of this pre-
ferred embodiment, in either the bright subpixel or the dark
subpixel, two dedicated CS voltage waveforms are used for
the positive and negative write polarities, respectively.

[0124] In Inventive LCD 1, in order to modulate the lumi-
nance of a subpixel in less than one vertical scanning period,
the duty ratios of the CS voltage waveform are changed. This
is also done in this preferred embodiment.

[0125] IneachofFIGS.9A and9B, illustrated are two types
of CS voltage waveforms. Inventive LCD 2 controls a sub-
pixel with positive write polarity (or charge polarity) and a
subpixel with negative write polarity using two different CS
voltage waveforms within an arbitrary vertical scanning
period. In Inventive LCD 2, each CS voltage waveform con-
sists of four periods, namely, A period, B period, C period and
7 period. Among these four periods, the Z period plays the
same role as the counterpart of Inventive LCD 1. Meanwhile,
the A, B and C periods are provided in order to change the
luminances (i.e., to modulate the luminance) of a subpixel in
less than one scanning period.

[0126] InInventive LCD 1, the luminance is supposed to be
modulated in two periods (i.e., A and B periods) of the CS
voltage waveform. On the other hand, in this Inventive LCD
2, the luminance is modulated in three periods (i.e., A, B and
C periods). However, the luminance does not always have to
be modulated in two or three periods but may also be modu-
lated in four, five or an even greater number of periods.

[0127] According to each of the CS voltage waveforms
shown in FIGS. 9A and 9B, the duty ratios of the rectangular
wave are changed in the A, B and C periods. Specifically, in
the example illustrated in FIGS. 9A and 9B, according to the
CS voltage waveform CS1 for the bright subpixel shown in
FIG. 9A, the proportion of a first voltage level interval to one
cycle is 30% in A period, 50% in B period, and 70% in C
period, respectively. On the other hand, according to the CS
voltage waveform CS2, the proportion of a first voltage level
interval to one cycle is 70% in A period, 50% in B period, and
30% in C period, respectively.
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[0128] In FIGS. 9A and 9B, the voltages applied to the
subpixel electrodes in the respective periods have the follow-
ing waveforms.

[0129] Look at the n” frame, and it can be seen that in the
bright subpixel (on the I” row shown in FIG. 9A), the mag-
nitudes of the effective voltages applied to the subpixel in the
A, B and C periods increase in this order and the luminance
increases in this order, too. On the other hand, in the dark
subpixel (shown in FIG. 9B), the magnitudes of the effective
voltages applied to the subpixel in the A, B and C periods
decrease in this order and the luminance decreases in this
order, too. That is why the difference in luminance between
the bright and dark subpixels decreases in the order of C, B
and A periods.

[0130] In the example illustrated in FIGS. 9A and 9B, the
ranking of the luminances in the respective periods and the
order of the magnitudes of differences in luminance between
the subpixels reverse on a frame by frame basis. Specifically,
look at the (n+1)™ frame, and it can be seen that in the bright
subpixel (on the 1 row shown in FIG. 9A), the magnitudes of
the effective voltages applied to the subpixel increase in the
order of C, B and A periods and the luminance increases in
this order, too. On the other hand, in the dark subpixel (shown
in FIG. 9B), the magnitudes of the effective voltages applied
to the subpixel decrease in the order of C, B and A periods and
the luminance decreases in this order, too. That is to say, as in
Inventive LCD 1 of the first preferred embodiment described
above, by modulating the CS voltage waveform, the lumi-
nance of the subpixel can be modulated within one vertical
scanning period (i.e., varied time sequentially).

[0131] FIG. 10 shows how the effective voltages applied to
subpixels change with the display signal voltage (i.e., signal
line voltage) in Inventive LCD 2 shown in FIGS. 9A and 9B.
Three curves VB0, VB1 and VB2 associated with the bright
subpixel shown in FIG. 9A and three more curves VD0, VD1
and VD2 associated with the dark subpixel shown in FIG. 9B
are shown in FIG. 10. As can be seen, even though the same
display signal voltage is supplied to these two subpixels (or
the subpixel electrodes thereof), six mutually different effec-
tive voltages VB0, VB1, VB2, VD0, VD1 and VD2 can be
applied. These six effective applied voltages can be obtained
by modifying the CS voltage waveform. In FIG. 10, the
voltage dependence of the electrostatic capacitance of the
liquid crystal layer is not taken into consideration, either, for
the sake of simplicity of description as in FIG. 5.

[0132] The six effective applied voltages in Inventive LCD
2 of this preferred embodiment can also be changed by vary-
ing the duty ratios of the CS voltage waveforms in respective
regions as in the first preferred embodiment described above.

EMBODIMENT 3

[0133] Patent Document No. 5 cited above discloses an
example in which the number of electrically independent
storage capacitor trunks (corresponding to the number of
different CS voltages) is defined to be smaller than that of
storage capacitor lines (i.e., CS bus lines). According to
Patent Document No. 5, if each pixel is evenly split into two,
the number of electrically independent storage capacitor
trunks is defined to be smaller than twice the number of gate
bus lines. However, the present invention is in no way limited
to such aspecific example. Instead, Inventive LCD 3 as a third
preferred embodiment of the present invention adopts a con-
figuration for supplying CS voltages to respective storage
capacitor lines independently of each other. This Inventive
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LCD 3 has the advantage of increasing the number of options
as first and second waveforms for the CS voltages. Neverthe-
less, each CS voltage should change its levels at least once
after the gate voltage has gone low within one vertical scan-
ning period. Also, if a liquid crystal display device including
storage capacitor lines, of which the number is at least equal
to that of gate bus lines, and a configuration for supplying CS
voltages to those storage capacitor lines independently of
each other should change the CS voltage levels after the gate
voltage has gone low, either the interval between a point in
time when the gate voltage has gone low and a point in time
when the CS voltage changes its levels or the interval between
a point in time when the CS voltage changes its levels and a
point in time when the gate voltage goes high next time within
one vertical scanning period is preferably defined to be con-
stant on every display line. Then, the luminance can be uni-
form on every display line in the liquid crystal display device
of the present invention.

[0134] Conversely, if a configuration for providing a stor-
age capacitor trunk for multiple storage capacitor lines is
adopted, then the CS voltages supplied to those storage
capacitor lines that are all connected to a single storage
capacitor trunk can have exactly the same amplitude of oscil-
lation. Naturally, the circuit configuration can be simplified
compared to a situation where a number of voltages are pre-
pared independently of each other.

[0135] If the temporal division of the present invention is
introduced, the configuration of Inventive LCD 3 of this pre-
ferred embodiment for supplying CS voltages to multiple
storage capacitor lines independently of each other is prefer-
ably adopted.

[0136] In the first and second preferred embodiments
described above, the duty ratios of each CS voltage are
changed within one vertical scanning period, thereby varying
the luminance of each subpixel. However, the present inven-
tion is in no way limited to those specific preferred embodi-
ments. Rather in Inventive LCD 3 of this preferred embodi-
ment, the CS voltages may be changed in any arbitrary
manner. Among other things, with the configuration for sup-
plying CS voltages to multiple storage capacitor lines CS001,
CS002, CS003 and so on independently of each other by
connecting the CS bus lines and subpixel capacitors as shown
in FIG. 11, the number of options as CS voltage waveforms
can be increased significantly. In a situation where the con-
figuration shown in FIG. 11 is adopted, the CS voltage may
have its amplitudes changed one subframe after another so
that each subpixel can have multiple different luminance
levels within one vertical scanning period as shown in FIG.
12.

[0137] FIG. 12 shows exemplary waveforms for gate volt-
ages and CS voltages for use in a liquid crystal display device
represented by the equivalent circuit shown in FIG. 11. The
sign shown under each gate voltage indicates the write polar-
ity of the display signal voltage, i.e., the polarity of the display
signal voltage to be written when the gate voltage goes high,
where the polarity is defined with respect to the counter
voltage. In the example to be described below, the polarity
inverts each row of pixels (which is so-called “1H inversion™).
As in the CS voltages of the first preferred embodiment
described above, the CS voltage waveform of this example
also has A, B and Z periods.

[0138] After the gate voltage on a scan line G001 that is
connected to the TFTs of pixels on the first row has changed
its levels from high into low, the CS voltage on a CS bus line
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CS001 connected to the storage capacitor counter electrode
of one subpixel has its amplitude increased from a first level
to asecond level (in the A period). Meanwhile, the CS voltage
on a CS bus line CS002 connected to the storage capacitor
counter electrode of the other subpixel has its amplitude
decreased from the first level to a fourth level (in the A
period). As aresult, in the A period, the one subpixel becomes
a bright subpixel, while the other subpixel becomes a dark
subpixel.

[0139] Next, in the transition between the A and B periods,
the CS voltage on CS001 has its amplitude further increased
from the second level to a third level. As a result, the lumi-
nance of the bright subpixel further increases in the B period.
Meanwhile, the CS voltage on CS002 has its amplitude fur-
ther decreased from the fourth level to a fifth level and the
luminance of the dark subpixel further decreases in the B
period.

[0140] Finally, in the Z period, both of the CS voltages on
CS001 and CS002 return to the first level again.

[0141] The gate voltage on a scan line G002 connected to
the TFTs of pixels on the second row goes high one horizontal
scanning period later than the gate voltage on the scan line
G001 connected to the TFTs of the pixels on the first row. That
is why the CS voltages on CS bus lines CS003 and CS004
change 1H later than the CS voltages on CS001 and CS002.
[0142] In this case, the voltages on CS003 and CS004
change (i.e., increase or decrease) in a different direction
from their counterparts on CS001 and CS002, because the
display signal voltages have mutually opposite write polari-
ties between these two pairs.

[0143] Thus, the gate voltage on a scan line G011 con-
nected to the TFTs of pixels on the eleventh row goes high
10H later than the gate voltage on the scan line G001 con-
nected to the TFTs of the pixels on the first row. That is why
the CS voltages on CS bus lines CS021 and CS022 change
10H later than the CS voltages on the CS bus lines CS001 and
CS002 (not shown).

[0144] FIG. 11 illustrates an example in which CS bus lines
are provided for respective subpixels independently of each
other. However, the present invention is in no way limited to
that specific preferred embodiment. Alternatively, a configu-
ration in which the same CS bus line is connected to the
storage capacitors of two subpixels that are adjacent to each
other in the column direction as shown in FIG. 13 may also be
adopted. By adopting such a configuration, the number of CS
bus lines can be naturally reduced. On top of that, the gap
between two subpixels that are adjacent to each other in the
column direction can be shielded from light with the CS bus
line. As a result, there is no need to provide any additional
opaque film and the effective aperture ratio of each pixel can
be increased.

[0145] FIG. 14 illustrates exemplary waveforms for gate
voltages and CS voltages for use in Inventive LCD 3 shown in
FIG. 13. In FIG. 14, shown is a combination of a CS voltage
and a gate voltage for the storage capacitor of a bright sub-
pixel in each pixel (i.e., the upper subpixel shown in FIG. 13).
[0146] As canbeseen from FIG. 14, in the bright subpixels
of the pixels on the first row, after the gate voltage on the scan
line G001 has changed its levels from high into low, the CS
voltage on the CS bus line CS001 has its amplitude increased
from the first level to the second level (in the A period). Next,
in the bright subpixels of the pixels on the second row (G002),
after the gate voltage on the scan line G002 has changed its
levels from high into low, the CS voltage on the CS bus line
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CS002 has its amplitude decreased from the first level to the
fourth level (in the A period). And in the bright subpixels of
the pixels on the third row (G003), after the gate voltage on
the scan line G003 has changed its levels from high into low,
the CS voltage on the CS bus line CS003 has its amplitude
increased from the first level to the second level (in the A
period). In this manner, although a positive voltage is written
on the first and third rows, a negative voltage is written on the
second row. That is why the amplitudes of the CS voltages
change in two opposite directions. The time lag between the
rise of a gate voltage on one row of pixels to High level and
that of a gate voltage on the previous row of pixels (i.e., the
previous scan line) to High level is 1H, so is the time lag
between the times when a CS voltage changes its levels on
one row of pixels and on the previous row of pixels. Although
not described for the rest of the rows of pixels, on every row
of pixels, the CS voltage can have its amplitudes changed in
a predetermined amount of time after the associated gate
voltage has changed its levels.

[0147] Although it has been described how voltage levels
change on bright subpixels, the same can be said about the
dark subpixels (i.e., the lower subpixels in the drawings), too.
Nevertheless, the interval between the changes of gate and CS
voltages on the bright subpixel of a certain pixel is 1H longer
or shorter than the one between the changes of gate and CS
voltages on the dark subpixel of the same pixel. However, this
time lag is the same in every pixel. Thus, comparing bright
subpixels or dark subpixels to each other, there is no time lag
between themselves.

[0148] As described above, the liquid crystal display device
of this preferred embodiment has a configuration for supply-
ing CS voltages to respective CS bus lines independently of
each other, and therefore, can determine the timings to change
the amplitudes of a CS voltage on respective rows of pixels
(with respect to respective gate voltages) independently of
each other. As aresult, as schematically shown in FIG. 15, the
average luminance can be uniform over the screen.

[0149] FIG. 15 shows the timings to write display signal
voltages on respective pixels by the solid lines and the times
when the luminances change on those pixels by the dashed
lines. In FIG. 15, the abscissa represents the time and the
ordinate represents the on-screen location in the row direc-
tion.

[0150] From the top toward the bottom of the screen, dis-
play signal voltages for respective pixels are sequentially
written row by row along the solid line. After that, after a
predetermined luminance has been displayed for a certain
period of time (i.e., a subframe SFA), the luminances are
changed row by row along the dashed line (i.e., a subframe
SFB). And then after having gone through an adjustment
period (i.e., a subframe SFZ), the processing takes on the next
frame. There is a time lag between a point in time when a pixel
on a certain row (e.g., a k” row) of the screen is in the
subframe SFA(k) and a point in time when a pixel on another
row (e.g., an 1 row) is in the subframe SFA(1). Likewise,
there is also atime lag between a point in time when a pixel on
the k” row is in the subframe SFB(k) and a point in time when
apixel on the 1 row is in the subframe SFB(1). And there is
also a time lag between a point in time when a pixel on the k*
row isin the subframe SFZ(k) and a point in time when a pixel
on the 1 row is in the subframe SFZ(1). However, that time
lag agrees with a time lag for writing the display signal
voltage row by row. That is why the solid line and the dashed
line are parallel to each other in FIG. 15. As a result, the
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durations of the subframes A, B and Z on one row of pixels
agree with those of the subframes A, B and 7 on any other row
of pixels. Consequently, the average luminance can be uni-
form over the entire screen.

[0151] Ifa CS trunk that is connected in common to mul-
tiple CS bus lines belonging to mutually different rows of
pixels were used as described in Patent Document No. 3, the
amplitudes of a CS signal would be changed at the same time
(i.e., the seam between the A and B periods) on those multiple
rows of pixels. As a result, the duration of the subframe A, B
or Z would change from one row of pixels to another. This is
not beneficial because unevenness in luminance would be
sensible on the screen in that case. For that reason, it is
preferred that such a configuration for supplying CS voltages
to CS bus lines independently of each other be adopted.
[0152] Furthermore, if CS voltages are supplied to respec-
tive CS bus lines independently of each other, then the lumi-
nances of subpixels and subframes can be defined arbitrarily.
This is advantageous even in a situation where a driving
method in which the luminance rankings of subpixels are
changed (i.e., the bright and dark subpixels are interchanged)
on a frame-by-frame basis as shown in FIG. 3. On top of that,
the bright and dark subpixels can also be interchanged easily
while the luminances of the bright and dark subpixels are
modulated during each frame period.

INDUSTRIAL APPLICABILITY

[0153] Thepresent invention provides a big-screen or high-
definition liquid crystal display device that achieves excellent
display quality with the viewing angle dependence of the v
characteristic reduced significantly. The liquid crystal display
device of the present invention can be used effectively for a
TV receiver with a big monitor screen of 30 inches or more.

1. A liquid crystal display device comprising a plurality of
pixels that are arranged in columns and rows so as to form a
matrix pattern, each said pixel including a liquid crystal layer
and a plurality of electrodes for applying a voltage across the
liquid crystal layer,

wherein each said pixel includes a first subpixel SP1 and a

second subpixel SP2, having liquid crystal layers to
which mutually different voltages are applicable in dis-
playing a certain grayscale, and

wherein each of the first and second subpixels SP1 and SP2

includes

aliquid crystal capacitor formed by a counter electrode and

a subpixel electrode that faces the counter electrode
through the liquid crystal layer, and
a storage capacitor formed by a storage capacitor electrode
that is electrically connected to the subpixel electrode,
an insulating layer, and a storage capacitor counter elec-
trode that is opposed to the storage capacitor electrode
with the insulating layer interposed between them, and

wherein the counter electrode is a single electrode pro-
vided in common for the first and second subpixels SP1
and SP2, while the storage capacitor counter electrodes
of the first and second subpixels SP1 and SP2 are elec-
trically independent of each other, and

wherein every vertical scanning period V-Total of an input

video signal, a common display signal voltage is applied
to the respective subpixel electrodes of the first and
second subpixels SP1 and SP2, and storage capacitor
counter voltages applied independently to the storage
capacitor counter electrodes of the first and second sub-
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pixels SP1 and SP2 are varied within each said vertical
scanning period of the input video signal,

whereby each said vertical scanning period V-Total of the
input video signal includes a first subframe SFA in
which the first and second subpixels SP1 and SP2 have
luminancesY_SP1_AandY_SP2_A, respectively, anda
second subframe SFB in which the first and second
subpixels SP1 and SP2 have luminances Y_SP1_B and
Y_SP2_B, respectively, where Y_SP1_A=Y_SP2_A,
Y_SP1_B=Y_SP2 B, and Y_SP1_A=Y SP1 B or
Y SP2 A=Y SP2 B are satisfied.

2. The liquid crystal display device of claim 1, further
comprising a plurality of storage capacitor lines, each of
which s connected to the storage capacitor counter electrodes
of the first and second subpixels SP1 and SP2 of'an associated
one of the pixels, the storage capacitor lines being electrically
independent of each other.

3. The liquid crystal display device of claim 1, further
comprising:

a plurality of storage capacitor lines, each of which is
connected to the storage capacitor counter electrodes of
the first and second subpixels SP1 and SP2 of an asso-
ciated one of the pixels, and

a number of storage capacitor trunks that are electrically
independent of each other,

wherein each of the storage capacitor lines is connected to
an associated one of the storage capacitor trunks.

4. The liquid crystal display device of claim 1, wherein the
storage capacitor counter voltages are oscillating voltages,
and

wherein in a vertical scanning period V-Total of the input
video signal, the storage capacitor counter voltages
applied to the respective storage capacitor counter elec-
trodes of the first and second subpixels SP1 and SP2
have phases that are different from each other by 180
degrees.

5. The liquid crystal display device of of claim 1, wherein
the storage capacitor counter voltages are oscillating volt-
ages, and

wherein the storage capacitor counter voltages applied to
the storage capacitor counter electrode of the first sub-
pixel in the first and second subframes SFA and SFB of
a vertical scanning period V-Total of the input video
signal have mutually different amplitudes.
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6. The liquid crystal display device of claim 2, wherein the
storage capacitor counter voltages are oscillating voltages,
and

wherein in a vertical scanning period V-Total of the input

video signal, the storage capacitor counter voltages
applied to the respective storage capacitor counter elec-
trodes of the first and second subpixels SP1 and SP2
have phases that are different from each other by 180
degrees.

7. The liquid crystal display device of claim 3, wherein the
storage capacitor counter voltages are oscillating voltages,
and

wherein in a vertical scanning period V-Total of the input

video signal, the storage capacitor counter voltages
applied to the respective storage capacitor counter elec-
trodes of the first and second subpixels SP1 and SP2
have phases that are different from each other by 180
degrees.

8. The liquid crystal display device of claim 2, wherein the
storage capacitor counter voltages are oscillating voltages,
and

wherein the storage capacitor counter voltages applied to

the storage capacitor counter electrode of the first sub-
pixel in the first and second subframes SFA and SFB of
a vertical scanning period V-Total of the input video
signal have mutually different amplitudes.

9. The liquid crystal display device of claim 3, wherein the
storage capacitor counter voltages are oscillating voltages,
and

wherein the storage capacitor counter voltages applied to

the storage capacitor counter electrode of the first sub-
pixel in the first and second subframes SFA and SFB of
a vertical scanning period V-Total of the input video
signal have mutually different amplitudes.

10. The liquid crystal display device of claim 4, wherein
the storage capacitor counter voltages are oscillating volt-
ages, and

wherein the storage capacitor counter voltages applied to

the storage capacitor counter electrode of the first sub-
pixel in the first and second subframes SFA and SFB of
a vertical scanning period V-Total of the input video
signal have mutually different amplitudes.
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