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(57) ABSTRACT 

In an active-matrix liquid crystal display device, each of 
multiple pixels includes a ?rst sub-pixel and a second sub 
pixel, through Which different voltages are applicable to a 
portion of the liquid crystal layer. Each of the ?rst and second 
sub-pixels includes a liquid crystal capacitor de?ned by a 
counter electrode and a sub-pixel electrode that faces the 
counter electrode by Way of the liquid crystal layer, and a 
storage capacitor de?ned by a storage capacitor electrode, an 
insulating layer, and a storage capacitor counter electrode. 
The storage capacitor electrode is electrically connected to 
the sub-pixel electrode, and the storage capacitor counter 
electrode faces the storage capacitor electrode by Way of the 
insulating layer. The counter electrode is shared by the ?rst 
and second sub-pixels and the storage capacitor counter elec 
trodes of the ?rst and second sub-pixels are electrically inde 
pendent of each other. 
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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a liquid crystal dis 
play device and more particularly, the present invention 
relates to a liquid crystal display device of a pixel-divided 
type. 
[0003] 2. Description of the Related Art 
[0004] A liquid crystal display (LCD) is a ?at-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, signi?cant increases in its productivity, 
and a noticeable rise in its cost effectiveness over competing 
technologies. 
[0005] 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 direction to a direction 
that is parallel to the electric ?eld applied. As a result, the 
tWisted orientation disappears. The TN mode liquid crystal 
display device utiliZes variations 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. 
[0006] 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 speci?cally, When an image on the screen 
of the TN mode liquid crystal display device is vieWed 
obliquely, the contrast ratio of the image decreases signi? 
cantly. In that case, even an image, of Which the grayscales 
ranging from black to White are clearly observable When the 
image is vieWed straightforward, loses much of the difference 
in brightness betWeen those grayscales When vieWed 
obliquely. Furthermore, the grayscale characteristic 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. 
[0007] To improve the vieWing angle characteristic of such 
a TN mode liquid crystal display device, one pixel electrode 
may be divided into multiple sub-pixel electrodes such that 
the voltage to be applied to the pixel electrode is distributed to 
those multiple sub-pixel electrodes at a predetermined ratio 
as proposed in Japanese Laid-Open Publication No. 
6-332009, for example. Such a technique Will be referred to 
herein as a “pixel dividing technique”. In the arrangement 
disclosed in Japanese Laid-Open Publication No. 6-332009, a 
control capacitor electrode is provided so as to face multiple 
sub-pixel electrodes With an insulating layer interposed 
betWeen them and to apply voltages to the sub-pixel elec 
trodes at a predetermined ratio by forming capacitors to be 
coupled With the sub-pixel electrodes. 
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[0008] In that arrangement, hoWever, the voltages being 
applied to the sub-pixel electrodes are changeable due a varia 
tion in the thickness of the insulating layer that is provided 
betWeen the sub-pixel electrodes and the control capacitor 
electrode. Thus, it is dif?cult to control the voltages being 
applied to the sub-pixel electrodes at the predetermined ratio. 
[0009] Also, in the arrangement described above, the 
higher the voltages being applied, the greater the potential 
difference betWeen the sub-pixel electrodes. The present 
inventors discovered and con?rmed via experiments that the 
application of such voltages effectively improved the vieWing 
angle characteristic of a liquid crystal display device operat 
ing in a display mode that shoWs heavy vieWing angle depen 
dence responsive to relatively high voltages applied (e.g., a 
normally White mode TN mode liquid crystal display device) 
but could not improve the vieWing angle dependence of the y 
characteristic of a normally black mode liquid crystal display 
device suf?ciently. 
[0010] Examples of normally black mode liquid crystal 
display devices include an in-plane 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 display device (see Japanese 
Laid-Open Publication No. 11-242225), and an axisymmet 
ric aligned (ASM) mode liquid crystal display device (see 
Japanese Laid-Open Publication No. 10-186330), all of 
Which Were developed relatively recently as TN mode liquid 
crystal display devices With improved vieWing angle charac 
teristics. 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 signi?cantly or the grayscales never invert 
unlike the old-fashioned TN mode liquid crystal display 
devices. 
[0011] HoWever, as the display quality of liquid crystal 
display devices has been further improved recently, the vieW 
ing angle dependence of the y characteristic surfaced as a 
non-negligible problem to resolve in order to improve the 
vieWing angle characteristic. That is to say, a liquid crystal 
display device may exhibit different y characteristics When an 
image on the screen is vieWed straightforward and When the 
same image is vieWed obliquely, respectively. As used herein, 
the “y characteristic” means the grayscale dependence of 
display brightness. That is to say, if the y characteristic in the 
frontal direction is different from that in the oblique direction, 
then the grayscales sensed in the frontal direction Will be 
different from those sensed in the oblique direction. Thus, this 
problem is particularly non-negligible When an image such as 
a still picture is displayed or When a televised video is dis 
played. 
[0012] The vieWing angle dependence of the y characteris 
tic is more remarkable in the MVA mode or in the ASM mode 
than in the IPS mode. On the other hand, When the IPS mode 
is adopted, it is more dif?cult to manufacture panels shoWing 
a suf?ciently high contrast ratio to the front vieWer than the 
MVA mode or ASM mode. In vieW of these considerations, 
the vieWing angle dependence of the y characteristic of the 
MVA or ASM mode liquid crystal display device should be 
improved. 

SUMMARY OF THE INVENTION 

[0013] In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
pixel-divided liquid crystal display device having signi? 
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cantly increased controllability of voltages to be applied to 
sub-pixels and also provide a novel pixel dividing technique 
that greatly improves the y characteristic of a normally black 
mode liquid crystal display device. 
[0014] A liquid crystal display device according to a pre 
ferred embodiment of the present invention preferably 
includes multiple pixels, Which are arranged in columns and 
roWs and each of Which includes an associated portion of a 
liquid crystal layer and at least tWo electrodes that are used to 
apply a voltage to the portion of the liquid crystal layer. Each 
of the pixels preferably includes a ?rst sub-pixel and a second 
sub-pixel, through Which mutually different voltages are 
applicable to the associated portion of the liquid crystal layer. 
Each of the ?rst and second sub-pixels preferably includes: a 
liquid crystal capacitor, Which is de?ned by a counter elec 
trode and a sub-pixel electrode that faces the counter elec 
trode by Way of the liquid crystal layer, and a storage capaci 
tor, Which is de?ned by a storage capacitor electrode, an 
insulating layer, and a storage capacitor counter electrode. 
The storage capacitor electrode is preferably electrically con 
nected to the sub-pixel electrode, and the storage capacitor 
counter electrode preferably faces the storage capacitor elec 
trode by Way of the insulating layer. The counter electrode is 
preferably shared by the ?rst and second sub-pixels and the 
storage capacitor counter electrodes of the ?rst and second 
sub-pixels are preferably electrically independent of each 
other. 

[0015] In one preferred embodiment of the present inven 
tion, the liquid crystal display device preferably further 
includes gate lines, Which extend along the roWs of pixels, 
source lines, Which extend along the columns of pixels, and 
multiple pairs of sWitching elements. Each pair of sWitching 
elements is preferably provided for the ?rst and second sub 
pixels of an associated one of the pixels and is preferably 
connected to one of the gate lines and one of the source lines 
that are associated With the pixel. ON/OFF states of each pair 
of sWitching elements are preferably controlled by a gate 
signal voltage to be supplied through the associated gate line. 
When the pair of sWitching elements is ON, a source signal 
voltage is preferably supplied through the associated source 
line to the sub-pixel electrodes and the storage capacitor 
electrodes of the ?rst and second sub-pixels. After the pair of 
sWitching elements has been turned OFF, voltages applied to 
the storage capacitor counter electrodes of the ?rst and sec 
ond sub-pixels preferably vary. The direction and magnitude 
of the variation at the ?rst sub-pixel are preferably different 
from those of the variation at the second sub-pixel. In this 
case, the variation of the voltage applied to each storage 
capacitor counter electrode includes not only the absolute 
value but also a sign. For example, the variations of the 
voltages applied to the storage capacitor counter electrodes of 
the ?rst and second sub-pixels may have the same absolute 
value and opposite signs. That is to say, if the voltage applied 
to one storage capacitor counter electrode increases but the 
voltage applied to the other storage capacitor counter elec 
trode decreases after the sWitching elements have been turned 
OFF, those variations may have the same absolute value. 

[0016] In one preferred embodiment of the present inven 
tion, the voltages applied to the storage capacitor counter 
electrodes may invert their polarities at regular intervals. 
[0017] In this particular preferred embodiment, the volt 
ages applied to the storage capacitor counter electrodes of the 
?rst and second sub-pixels may be out of phase With each 
other by 180 degrees. 
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[0018] In that case, the voltages applied to the storage 
capacitor counter electrodes of the ?rst and second sub-pixels 
may have the same amplitude. 
[0019] In another preferred embodiment, the source signal 
voltage to be supplied through each source line preferably 
inverts its polarities every time a predetermined number of 
gate lines have been selected. 
[0020] In still another preferred embodiment, the source 
signal voltages to be supplied through each pair of adjacent 
source lines preferably have mutually opposite polarities. 
[0021] In this particular preferred embodiment, the source 
signal voltage to be supplied through each source line may 
invert its polarities every time tWo of the gate lines have been 
selected, and the voltages applied to the storage capacitor 
counter electrodes and the source signal voltage may invert 
their polarities at the same interval but may be out of phase 
With each other by one half period. 
[0022] In an alternative preferred embodiment, the source 
signal voltage to be supplied through each source line may 
invert its polarities every time tWo of the gate lines have been 
selected, and the voltages applied to the storage capacitor 
counter electrodes may invert their polarities at half of the 
interval at Which the source signal voltage inverts its polari 
ties, but may be in phase With the source signal voltage. 
[0023] In another alternative preferred embodiment, the 
source signal voltage to be supplied through each source line 
may invert its polarities every time one of the gate lines is 
selected, and the voltages applied to the storage capacitor 
counter electrodes may invert their polarities at the same 
interval as the source signal voltage and may be in phase With 
the source signal voltage. 
[0024] In yet another preferred embodiment, each gate line 
is preferably provided betWeen the ?rst and second sub -pixels 
of its associated pixels. 
[0025] In yet another preferred embodiment, the liquid 
crystal display device preferably further includes storage 
capacitor lines. Each of the storage capacitor lines is prefer 
ably connected to the storage capacitor counter electrodes of 
the ?rst and second sub-pixels of its associated pixels and is 
preferably provided betWeen its associated adjacent pixels in 
parallel to the gate lines. 
[0026] In yet another preferred embodiment, When each 
pixel conducts a display operation at a grayscale gk falling 
Within the range of Oégkégn (Where gk and gn are both 
integers and the greater the grayscale gk the higher the bright 
ness of the grayscale), a difference AVlc(gk) betWeen root 
mean-square voltages to be applied to the portions of the 
liquid crystal layer that are associated With the ?rst and sec 
ond sub-pixels is preferably greater than 0 volts, AVlc(gk) 
§AVlc(gk+l) is preferably satis?ed, and the display opera 
tion is preferably conducted in a normally black mode. 
[0027] In yet another preferred embodiment, the liquid 
crystal layer may be a vertical aligned liquid crystal layer and 
may include a nematic liquid crystal material having negative 
dielectric anisotropy. 
[0028] In this particular preferred embodiment, the por 
tions of the liquid crystal layer that are associated With the 
?rst and second sub-pixels may include four domains in 
Which liquid crystal molecules are tilted in four different 
directions When a voltage is applied thereto. The four differ 
ent directions may be de?ned by four aZimuth angles that are 
different from each other by 90 degrees. 
[0029] In yet another preferred embodiment, the liquid 
crystal layer may be a parallel aligned liquid crystal layer and 
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may include a nematic liquid crystal material having positive 
dielectric anisotropy, and the counter electrode and the sub 
pixel electrodes may generate an electric ?eld that is substan 
tially parallel to the surface of the liquid crystal layer. 
[0030] 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 

[0031] FIG. 1 is an equivalent circuit diagram of a liquid 
crystal panel included in a liquid crystal display device 
according to a preferred embodiment of the present invention. 
[0032] FIG. 2 shoWs the Waveforms of a set of voltages to 
be applied to drive the liquid crystal panel shoWn in FIG. 1. 
[0033] FIG. 3 shoWs the Waveforms of another set of volt 
ages to be applied to drive the liquid crystal panel shoWn in 
FIG. 1. 
[0034] FIG. 4 shoWs the Waveforms of still another set of 
voltages to be applied to drive the liquid crystal panel shoWn 
in FIG. 1. 
[0035] FIG. 5 is a graph shoWing the applied voltage depen 
dence of a difference AVlc betWeen root-mean-square volt 
ages to be applied to sub-pixels in a liquid crystal display 
device according to a preferred embodiment of the present 
invention. 
[0036] FIGS. 6A, 6B and 6C shoW the display characteris 
tics of an MVA mode liquid crystal display device, Wherein: 
[0037] FIG. 6A is a graph shoWing the applied voltage 
dependence of the transmittance; 
[0038] FIG. 6B is a graph shoWing the applied voltage 
dependence of the transmittance that Was normaliZed With a 
transmittance in a White display mode; and 
[0039] FIG. 6C is a graph shoWing the y characteristic. 
[0040] FIG. 6D shoWs the vieWing angle directions N, L 
and LU for a liquid crystal display device. 
[0041] FIGS. 7A and 7B are graphs shoWing the y charac 
teristics in vieWing angle directions L and LU of a liquid 
crystal display device according to a preferred embodiment of 
the present invention. 
[0042] FIG. 8 is a plan vieW schematically illustrating the 
layout of an MVA mode liquid crystal display device 100 
according to a preferred embodiment of the present invention. 
[0043] FIG. 9A is a plan vieW schematically shoWing the 
arrangement of ribs on the counter substrate of the liquid 
crystal display device 100. 
[0044] FIG. 9B is a schematic cross-sectional vieW of the 
liquid crystal display device 100. 
[0045] FIG. 10 is a plan vieW schematically illustrating the 
layout of an ASM mode liquid crystal display device 200 
according to another preferred embodiment of the present 
invention. 
[0046] FIG. 11A is a plan vieW schematically illustrating 
the layout of a liquid crystal display device 100' according to 
still another preferred embodiment of the present invention. 
[0047] FIG. 11B is a cross-sectional vieW thereof as vieWed 
on the plane XIb-XIb shoWn in FIG. 11A. 
[0048] FIG. 12 is a plan vieW schematically illustrating the 
layout of a liquid crystal display device 300 according to yet 
another preferred embodiment of the present invention. 
[0049] FIGS. 13A, 13B and 13C are plan vieWs schemati 
cally illustrating exemplary TFT on-gate structures for use in 
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liquid crystal display devices according to preferred embodi 
ments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0050] In a liquid crystal display device according to a 
preferred embodiment of the present invention, each pixel 
preferably includes a ?rst sub-pixel and a second sub-pixel, 
through Which mutually different voltages are applicable to 
the liquid crystal layer. Each of the ?rst and second sub-pixels 
preferably includes a liquid crystal capacitor and a storage 
capacitor, Which is electrically connected to the liquid crystal 
capacitor. The liquid crystal capacitor is preferably de?ned by 
a counter electrode and a sub-pixel electrode that faces the 
counter electrode by Way of the liquid crystal layer. The 
storage capacitor is preferably de?ned by a storage capacitor 
electrode, an insulating layer, and a storage capacitor counter 
electrode. The storage capacitor electrode is preferably elec 
trically connected to the sub-pixel electrode. The storage 
capacitor counter electrode preferably faces the storage 
capacitor electrode by Way of the insulating layer. The 
counter electrode is preferably shared by the ?rst and second 
sub-pixels and the storage capacitor counter electrodes of the 
?rst and second sub-pixels are preferably electrically inde 
pendent of each other. By supplying storage capacitor counter 
voltages to these storage capacitor counter electrodes electri 
cally independently, mutually different voltages can be 
applied to portions of the liquid crystal layer that are associ 
ated With the ?rst and second sub-pixels. 
[0051] In the conventional arrangement disclosed in Japa 
nese Laid-Open Publication No. 6-332009, the potential dif 
ference, Which is created betWeen tWo sub-pixel electrodes 
and a single control capacitor electrode (that faces the tWo 
sub-pixel electrodes With an insulating layer interposed 
betWeen them), is divided at a ratio to be determined by the 
magnitudes of respective capacitances. In contrast, in the 
liquid crystal display device of this preferred embodiment, 
voltages to be applied to respective sub-pixels (i.e., the liquid 
crystal capacitors of the sub-pixels) can be regulated by con 
trolling the storage capacitor counter voltages to be applied to 
the storage capacitor counter electrodes that are connected to 
the respective sub-pixel electrodes. Thus, the voltages to be 
applied to the sub-pixels can be controlled more precisely 
than the conventional arrangement. 
[0052] The various preferred embodiments of the present 
invention contribute to signi?cantly improving the display 
quality of liquid crystal display devices. Thus, the present 
invention can be used effectively in an active matrix 
addressed liquid crystal display device in Which a sWitching 
element is provided for each sub-pixel. Among other things, 
the present invention is particularly effective in a Wide-vieW 
ing-angle liquid crystal display device, Which includes a ver 
tical aligned liquid crystal layer made of a nematic liquid 
crystal material With negative dielectric anisotropy and Which 
conducts a display operation in the normally black mode. 
According to preferred embodiments of the present inven 
tion, voltages canbe applied to sub-pixels so as to compensate 
for the vieWing angle dependence of the y characteristic of the 
MVA or ASM mode liquid crystal display device. Further 
more, the liquid crystal display devices of preferred embodi 
ments of the present invention can cope With a drive method 
that achieves the display of an image of quality such as line 
inversion drive or dot inversion drive. 
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[0053] Hereinafter, preferred embodiments of the present 
invention Will be described With reference to the accompany 
ing drawings. 
[0054] FIG. 1 is an equivalent circuit diagram of a liquid 
crystal panel in a liquid crystal display device according to a 
preferred embodiment of the present invention. 
[0055] This liquid crystal panel is an active matrix 
addressed liquid crystal panel including pixels that are 
arranged in a matrix (i.e., in columns and roWs). Those pixels 
Will be sometimes referred to herein as “dots”. The pixel 
shoWn in FIG. 1 in detail is located at the intersection betWeen 
the nth roW and mth column. 
[0056] Each pixel preferably includes a ?rst sub-pixel and a 
second sub-pixel. As shoWn in FIG. 1, the ?rst sub-pixel 
preferably includes a liquid crystal capacitor ClcO and the 
second sub-pixel preferably includes a liquid crystal capaci 
tor ClcE. The liquid crystal capacitor ClcO of the ?rst sub 
pixel is preferably de?ned by a ?rst sub-pixel electrode 18a, 
a counter electrode 17 and a liquid crystal layer located 
betWeen them. The liquid crystal capacitor ClcE of the second 
sub-pixel is preferably de?ned by a second sub-pixel elec 
trode 18b, the counter electrode 17 and the liquid crystal layer 
located betWeen them. The ?rst sub-pixel electrode 18a is 
preferably connected to a source line 14 by Way of a TFT 16a, 
While the second sub-pixel electrode 18b is preferably con 
nected to the same source line 14 by Way of a TFT 16b. The 
gate electrodes of the TFTs 16a and 16b are preferably con 
nected to the same gate line 12. 

[0057] The ?rst and second sub-pixels preferably include a 
?rst storage capacitor CcsO and a second storage capacitor 
CcsE, respectively, as shoWn in FIG. 1. The storage capacitor 
electrode of the ?rst storage capacitor CcsO is preferably 
connected to the drain of the TFT 1611 by Way of an extended 
portion 160 of its drain electrode. The storage capacitor elec 
trode of the second storage capacitor CcsE is preferably con 
nected to the drain of the TFT 16b by Way of an extended 
portion 16E of its drain electrode. The storage capacitor elec 
trodes do not have to be connected as shoWn in FIG. 1 but may 
be electrically connected to their associated sub-pixels such 
that each of these storage capacitor electrodes and its associ 
ated sub-pixel electrode are supplied With the same voltage. 
That is to say, each sub-pixel electrode and its associated 
storage capacitor electrode have only to be electrically con 
nected together either directly or indirectly. 
[0058] The storage capacitor counter electrode of the ?rst 
storage capacitor CcsO is preferably connected to a storage 
capacitor line 240 (or 24E), While the storage capacitor 
counter electrode of the second storage capacitor CcsE is 
preferably connected to a storage capacitor line 24E (or 240). 
In this arrangement, mutually different storage capacitor 
counter voltages can be applied to the storage capacitor 
counter electrodes of the ?rst and second storage capacitors. 
The connection betWeen each storage capacitor counter elec 
trode and its associated storage capacitor line are appropri 
ately determined according to the drive method adopted (e.g., 
dot inversion drive) as Will be described later. 
[0059] Hereinafter, it Will be described With reference to 
FIG. 2 hoW mutually different voltages can be applied to the 
liquid crystal capacitors ClcO and ClcE of the ?rst and second 
sub-pixels in the circuit con?guration shoWn in FIG. 1. 
[0060] FIG. 2 shoWs the voltage Waveforms and timings of 
respective signals to be supplied to the pixel (n, m) shoWn in 
FIG. 1. In FIG. 2, portion (a) shoWs tWo horiZontal scanning 
periods H corresponding to tWo frame periods. Portion (b) 
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shoWs the Waveform of a source signal voltage Vs(m: l) to be 
supplied to the (m:l)’h source lines 14 (as indicated by 
dashed line). Portion (c) shoWs the Waveform of a source 
signal voltage (i.e., grayscale signal voltage) Vs(m) to be 
supplied to the mth source line 14 (as indicated by the solid 
line). Portion (d) shoWs the Waveform of a gate signal voltage 
Vg(n) to be supplied to the nth gate line 12. Portions (e) and (f) 
shoW the Waveforms of storage capacitor counter voltages 
VcsO and VcsE to be supplied to the storage capacitor lines 
240 and 24E, respectively. And portions (g) and (h) shoW the 
Waveforms of voltages VlcO and VlcE to be applied to the 
liquid crystal capacitors ClcO and ClcE of the ?rst and second 
sub-pixels, respectively. 
[0061] The drive method shoWn in FIG. 2 is a preferred 
embodiment of the present invention Which is designed to 
drive a 2H dot-inversion and frame-inversion type liquid crys 
tal display device. 
[0062] Speci?cally, in the liquid crystal display device of 
the 2H dot-inversion and frame-inversion type, every time 
tWo gate lines have been selected (i.e., every time tWo hori 
Zontal scanning periods 2H have passed), the source signal 
voltage Vs supplied to the source line 14 inverts its polarities 
and the source signal voltages Vs supplied to tWo adjacent 
source lines (e.g., Vm and V(m+l)) have mutually opposite 
polarities. In this manner, the 2H dot-inversion drive is carried 
out. Also, the source signal voltages Vs supplied to the source 
lines 14 all invert theirpolarities every frame, thus performing 
the frame-inversion drive. 

[0063] In this case, the period in Which the storage capaci 
tor counter voltages VcsO and VcsE invert their polarities is 
equal to the period (i.e., 2H) in Which the source signal 
voltage inverts its polarities. The Waveforms of the storage 
capacitor counter voltages VcsO and VcsE are out of phase 
With that of the source signal voltage by one half period (i.e., 
lH). Also, the Waveforms of the storage capacitor counter 
voltages VcsO and VcsE have the same amplitude but tWo 
different phases that are shifted from each other by 180 
degrees. 
[0064] Next, it Will be described With reference to FIG. 2 
Why the voltages VlcO and VlcE applied to the liquid crystal 
capacitors ClcO and ClcE change their Waveforms as shoWn 
in FIG. 2. 

[0065] When the gate signal voltage Vg is at a high level 
VgH, the TFTs 16a and 16b are turned ON to apply the source 
signal voltage Vs on the source line 14 to the sub-pixel elec 
trodes 18a and 18b. The voltage VlcO betWeen the tWo ter 
minals of the liquid crystal capacitor ClcO is de?ned as the 
difference betWeen the voltage Vs applied to the sub-pixel 
electrode 18a and the voltage Vcom applied to the counter 
electrode 17. In the same Way, the voltage VlcE betWeen the 
tWo terminals of the liquid crystal capacitor ClcE is de?ned as 
the difference betWeen the voltage Vs applied to the sub-pixel 
electrode 18b and the voltage Vcom applied to the counter 
electrode 17. That is to say, VlcO:Vs—Vcom and VlcE:Vs— 
Vcom. 

[0066] In (n><h-At) seconds, the gate signal voltage Vg 
drops from its ON-state high voltage VgH to its OFF-state 
loW voltage VgL(<Vs). Then, due to a so-called “pulling” 
phenomenon, the voltage applied to the sub-pixel electrodes 
18a and 18b decreases by AV. Thus, the voltage Vcom applied 
to the counter electrode 17 is decreased to a value that is loWer 
than the center potential of the source signal voltage Vs by 
this difference AV. 
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[0067] Thereafter, in (n><h) seconds, the voltage VlcO 
applied to the liquid crystal capacitor ClcO changes because 
of being affected by the voltage VcsO at the storage capacitor 
counter electrode 22a of the storage capacitor CcsO, Which is 
electrically connected to the sub-pixel electrode 18a of the 
liquid crystal capacitor ClcO. At the same time, the voltage 
VlcE applied to the liquid crystal capacitor ClcE also changes 
because of being affected by the voltage VcsE at the storage 
capacitor counter electrode 22b of the storage capacitor Cc sE, 
Which is electrically connected to the sub-pixel electrode 18b 
of the liquid crystal capacitor ClcE. Suppose the storage 
capacitor counter voltage VcsO increases by VcsOp(>0) and 
the storage capacitor counter voltage VcsE decreases by 
VcsEp(>0) in (n><h) seconds. That is to say, the full amplitude 
(Vp-p) of the storage capacitor counter voltage VcsO is sup 
posed to be VcsOp and the full amplitude of the storage 
capacitor counter voltage VcsE is supposed to be VcsEp. 
[0068] The voltage VlcO applied to the liquid crystal 
capacitor ClcO is given by: 

Where CpixO is the total capacitance of the liquid crystal 
capacitor ClcO and storage capacitor CcsO that are connected 
to the drain of the TFT 1611. 

[0069] On the other hand, the voltage VlcE applied to the 
liquid crystal capacitor ClcE is given by: 

VZcE: Vs-A V- VcsEp (CcsE/CpixE)— Vcom 

Where CpixE is the total capacitance of the liquid crystal 
capacitor ClcE and storage capacitor CcsE that are connected 
to the drain of the TFT 16b. 

[0070] Next, in (n+2)><h seconds (i.e., at the beginning of 
(n+3)H), the voltages VlcO and VlcE applied to the liquid 
crystal capacitors ClcO and ClcE are affected by the storage 
capacitor counter voltages VcsO and VcsE to regain their 
original values at the end of nH: 

VZcO: Vs-A V- Vcom 

VZcE: Vs-A V- Vcom 

[0071] These voltage variations are repeatedly produced 
until Vg(n) reaches the VgH level in the next frame. As a 
result, VlcO and VlcE come to have mutually different root 
mean-square values. 

[0072] Thus, the root-mean-square values VlcOrms and 
VlcErms of VlcO and VlcE are given by: 

VZcErms I Vs-A V- ( 1/2) VcsEp (CcsE/CpixE)— Vcom 

Where (V s—AV—Vcom)>>VcsOp(CcsO/CpixO) and (V s 
AV-Vcom)>>VcsEp(CcsE/CpixE). Accordingly, the differ 
ence betWeen these root-mean-square values AVlc(:Vl 
cOrms-VlcErms) is given by: 

[0073] Supposing the liquid crystal capacitances of the tWo 
sub-pixels are equal to each other and the storage capaci 
tances thereof are also equal to each other (i.e., 
ClcOIClcEIClc, CcsOICcsEICcs, and 
CpixO:CpixE:Cpix), 
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If VcsOpIVcsEp but VcsO and VcsE have tWo different 
phases that are shifted from each other by 180 degrees as 
shoWn in FIG. 2 and if VcsOpIVcsEpIVcsp, then 

A We: Vcsp(Ccs/Cpix) 

As a result, VlcO has a relatively large root-mean-square 
value andVlcE has a relatively small root-mean-square value. 

[0074] It should be noted that if the voltages VcsO and 
VcsE are interchanged With each other, then VlcO may have 
a relatively small root-mean-square value and VlcE may have 
a relatively large root-mean-square value. Alternatively, VlcO 
and VlcE may also have a relatively small root-mean-square 
value and a relatively large root-mean-square value, respec 
tively, even When the storage capacitor counter electrodes of 
the storage capacitors CcsO and CcsE are connected to the 
opposite storage capacitor lines 24E and 240, respectively. 
[0075] In this preferred embodiment, the frame inversion 
drive is preferably carried out. Thus, in the next frame, Vs 
inverts its polarity and Vlc<0. HoWever, if the polarities of 
VcsO and VcsE are also inverted simultaneously, similar 
effects are achieved. 

[0076] Also, in this preferred embodiment, the source sig 
nal voltages being supplied to each pair of adjacent source 
lines 14 preferably have mutually opposite polarities to per 
form the dot inversion drive. Accordingly, in the next frame, 
the pixel (n, m) Will be driven in the same Way as tWo pixels 
(n, mil) that are horizontally adjacent to (i.e., belong to the 
same roW n as) the pixel (n, m) With respect to the source line 
14. 

[0077] Hereinafter, the polarity distribution of the voltages 
to be applied to respective pixels (or liquid crystal capacitors) 
in a frame, the combinations of storage capacitor counter 
voltages (or storage capacitor lines) of the pixels, and the 
distribution of the root-mean-square voltages to be applied to 
the sub-pixels of the respective pixels Will be described With 
reference to the folloWing Tables 1, 2 and 3, respectively. The 
data shoWn in these three tables Were obtained by driving the 
liquid crystal display device by the method shoWn in FIG. 2. 

TABLE 1 

In — 1 In In + 1 In + 2 

n — 1 + — + — 

n — + — + 

n + 1 — + — + 

n + 2 + — + — 

TABLE 2 

In — 1 In In + 1 In + 2 

n — l 240 24E 24O 24E 

24E 24o 24E 240 
n 24E 24O 24E 240 

240 24E 24O 24E 
n + l 240 24E 24O 24E 

24E 24o 24E 240 
n + 2 24E 24O 24E 240 

240 24E 24o 24E 

[0078] As can be seen from Table 1, When the drive method 
shoWn in FIG. 2 is adopted, the 2H dot inversion drive, in 
Which the polarities of the voltages being applied to the 
respective pixels invert every third roW and every column, can 
















