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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This non-provisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2004/
217589 filed in Japan on Jul. 26, 2004, the entire contents of
which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device, particularly to a liquid crystal display device
in a multi-picture element driving method that can improve
viewing angle dependency of y characteristics of a liquid
crystal display device.

BACKGROUND OF THE INVENTION

[0003] A liquid crystal display device is a flat display
device having excellent characteristics such as high defini-
tion, thin form, light weight and low consumption of elec-
tricity, and recently the market size of it is rapidly expanding
due to the increase in display ability, the increase in pro-
ducing ability, and the increase in competitive power of the
price against other display devices.

[0004] For a liquid crystal display device in twisted nem-
atic mode (TN mode) that has been general so far, an
orientation process is carried out, in which a long axis of a
liquid crystal molecule with positive permittivity anisotropy
is oriented substantially in parallel to the surface of sub-
strates, and the long axis of a crystal liquid molecule is
twisted approximately 90° between the above and below
substrates in a thickness direction of a liquid crystal layer.
Applying a voltage on this liquid crystal layer allows the
liquid crystal molecule to stand in parallel to an electric field
and twisted orientation is eliminated. The liquid crystal
display device in TN mode uses the change of optical
rotation accompanying the change of orientation of the
liquid crystal molecule due to a voltage, so as to control
transmitted light volume,

[0005] The liquid crystal display device in TN mode has
wide production margin and excellent productivity, but on
the other hand has a problem in display ability, particularly
in viewing angle characteristics. To put it concretely, there
was a problem that when the display face of the liquid
crystal display device in TN mode is observed from the side,
the contrast ratio of display greatly lowers, and when the
image in which a plurality of gradations from black to white
are clearly observed from the front is observed from the side,
the difference in luminance between gradations becomes
very unclear. Further, a phenomenon in which gradation
characteristics of display are inverted and the darker part in
front view observation is seen brighter in side view obser-
vation (so-called gradation inversion phenomenon) is also
problematic.

[0006] Recently, as liquid crystal display devices that
improve viewing angle characteristics in the liquid crystal
display devices in TN mode, such modes have been devel-
oped as in-plane switching mode (IPS mode), multi-domain
vertical aligned mode (MVA mode) and axially symmetric
aligned micro-cell mode (ASM mode).

[0007] Each of the liquid crystal devices in these new
modes (wide viewing angle mode) solves the above concrete
problems as to viewing angle characteristics. Namely, the
problem that the contrast ratio of display greatly decreases
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or display gradation inverses when the display face is
observed from the side is never generated.

[0008] However, under the condition where the improve-
ment in display quality of a liquid crystal display device
advances, as a problem of viewing angle characteristics, a
new problem that y characteristics in front view observation
and y characteristics in side view observation are different,
namely, a new problem of viewing angle dependency of vy
characteristics has appeared. Here, y characteristics are
gradation dependency of display luminance, and a difference
in y characteristics between when viewed from the front and
when viewed from the side means that the state of gradation
display is different according to the direction of observation,
and therefore it is particularly problematic in displaying
images such as photographs and in displaying TV broad-
casting.

[0009] The problem of viewing angle dependency of y
characteristics is more prominent in MVA mode or ASM
mode than in IPS mode. On the other hand, IPS mode has a
difficulty in producing with good productivity panels with a
high contrast ratio in front view observation, compared with
MVA mode or ASM mode. In terms of these points, it is
desirable to improve viewing angle dependency of y char-
acteristics in the liquid crystal display device particularly in
MVA mode or ASM mode.

[0010] The inventor of the present application proposes a
multi-picture element driving method as a method for
improving the above viewing angle dependency of y char-
acteristics, in Japanese Laid-Open Patent Application No.
2004/62146 (Tokukai 2004-62146) (published date; Feb. 26,
2004, corresponding US application; U.S. 2003/
0227429A1). First, this multi-picture element driving
method is explained with reference to FIGS. 5 through 7.

[0011] The multi-picture element driving is a technology
for composing one display picture element by using two or
more sub picture elements having different luminance lev-
els, so as to improve viewing angle characteristics (viewing
angle dependency of y characteristics). First, the principle of
this technology is briefly explained.

[0012] FIG. 5 illustrates V characteristics of a liquid
crystal display panel (gradation (voltage)-luminance ratio).
The full line in FIG. 5 shows y characteristics in front view
observation in a general driving method (in which one
display picture element is not composed of a plurality of sub
picture elements), and in this case, the most normal visibility
can be gained. Further, the broken line in FIG. 5 shows vy
characteristics in side view observation (viewing from the
side) in a general driving method, and in this case, a shift
occurs to normal vision (namely, vision in front view
observation) and the amount of a shift is small in a place
showing high luminance and low luminance, and large in a
place showing halftones.

[0013] In the case of obtaining targeted luminance in one
display picture element, the multi-picture element driving
method performs display control so that in a plurality of sub
picture elements having different luminance levels, the aver-
age luminance among them becomes targeted luminance.
And in the multi-picture element driving method, y charac-
teristics in front view observation is set so as to obtain the
most normal visibility, as with the case of the general driving
method (the same characteristics as y characteristics of a full
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line in FIG. 5). On the other hand, as for visibility from the
side in the multi-picture element driving method, for
example, in order to obtain targeted luminance in a halftone
where uneven luminance usually increases, the multi-picture
element driving method causes the sub picture elements to
have the regions around high luminance and low luminance
where uneven luminance decreases, so that the picture
element as a whole can obtain the targeted luminance in a
halftone by balancing luminance levels of those sub picture
elements. This decreases uneven luminance, and y charac-
teristics shown by a chain line in FIG. 5 can be obtained.

[0014] Next, one example of a structure of a liquid crystal
display device for performing multi-picture element driving
is illustrated in FIG. 6. As illustrated in FIG. 6, a picture
element 10 corresponding to one display picture element is
composed of sub picture elements 10z and 105 respectively
including sub picture element electrodes 182 and 18b, and
TFTs (Thin Film Transistor) 16a and 16b, and subsidiary
capacities (CS) 22a and 22b are respectively connected to
the sub picture elements 10a and 10b. Note that FIG. 6
illustrates one example of the structure of a picture element
when one picture element is composed of two sub picture
elements, to put it concretely, the structure in which the areas
of the sub picture elements are substantially the same as each
other and the sub picture elements are placed in a longitu-
dinal direction, but the effect of the present invention is not
limited to the arrangement illustrated in FIG. 6. As for the
areas of each sub picture element, they may be different from
each other as well as substantially the same as each other
illustrated in FIG. 6. Concretely, it is possible to make the
area of a sub picture element with high luminance in a
halftone display condition smaller than the area of a sub
picture element with low luminance, or on the contrary to
make the area of a sub picture element with high luminance
larger than the area of a sub picture element with low
luminance. In terms of the improvement in viewing angle
characteristics, the former is preferable.

[0015] Further, as for the disposition of sub picture ele-
ments, instead of disposing above and below the sub picture
elements with different luminance levels in displaying half-
tones, it may be that the lateral direction of the row of picture
elements is made a standard axis, and the sub picture
elements are disposed along the axis. In this case, the
distribution of display polarity of the sub picture elements
becomes like dot inversion, and therefore it is preferable in
terms of display quality. FIGS. 10 (a) and () illustrate
examples of disposition of sub picture elements placed over
a plurality of picture elements. o in FIGS. 10 («) and (b)
show sub picture elements with high display luminance, and
+and - in o show electric polarity of picture elements (when
the potential of a picture element electrode (sub picture
element electrode) is high relative to the potential of a
counter electrode, it is +, and when low, it is -).

[0016] FIG. 10(z) illustrates a case according to the
disposition in FIG. 6, and FIG. 10(b) illustrates a case
according to the above preferable disposition. In FIG. 10(a),
the sub picture elements with high luminance in a halftone
display condition are disposed in a checkered pattern (the
weighted center of luminance of a picture element does not
correspond to that of luminance of a sub picture element
with high luminance, but they are disposed in a condition of
high dispersibility on a screen), and noting either + or - of
display polarity out of sub picture elements with high
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luminance shows that they are disposed in a line in the
direction of a row. Namely, the disposition of the sub picture
elements with high luminance is like line inversion. On the
other hand, in FIG. 10 (b), a sub picture element with high
luminance is disposed in the center of a picture element (the
weighted center of luminance of a picture element corre-
sponds to that of luminance of a sub picture element with
high luminance), and the display polarity of a sub picture
element with high luminance shows the form of dot inver-
sion as with the display polarity of a picture element.
According to these conditions, FIG. 10 (b) is preferable to
FIG. 10 (2) in terms of the disposition of a sub picture
element.

[0017] Further, the shape of a sub picture element is not
limited to a rectangle. Particularly, in the case of MVA mode,
the shape may be a structure of dividing along rib or slit,
namely, a structure such as a triangle or a rhomboid, and
such a shape is preferable in terms of an open area ratio of
a panel (see FIG. 10 (c)).

[0018] Gate electrodes of the TFTs 16a and 16b are
connected to a common (same) scan line 12, and a source
electrode is connected to a common (same) signal line 14.

[0019] The subsidiary capacities 22a and 22b are respec-
tively connected to subsidiary capacity wires (CS bus lines)
24a and 24b.

[0020] The subsidiary capacities 22a and 22b are respec-
tively composed of subsidiary capacity electrodes electri-
cally connected to the sub picture element electrodes 184
and 18b, subsidiary capacity counter electrodes electrically
connected to the subsidiary capacity wires 24a and 24D, and
insulating layers (not shown in figures) disposed between
these electrodes. The subsidiary capacity counter electrodes
of the subsidiary capacities 22a and 22b are independent of
each other, and have a structure for being supplied with
subsidiary capacity counter voltages from the subsidiary
capacity wires 24a and 24b, the subsidiary capacity counter
voltages being different from each other.

[0021] Further, the driving signals of the liquid crystal
display device illustrated in FIG. 6 are illustrated in FIGS.
7(a) through 7(f). FIG. 7(a) shows voltage waveform Vs of
the signal line 14, FIG. 7(b) shows voltage waveform Vcsa
of the subsidiary capacity wire 24a, FIG. 7(c) shows voltage
waveform Vesb of the subsidiary capacity wire 24b, FIG.
7(d) shows voltage waveform Vg of the scan line 12, FIG.
7(e) shows voltage waveform Vica of the sub picture ele-
ment electrode 184, and FIG. 7(f) shows voltage waveform
Vicb of the sub picture element electrode 18b. Further,
broken lines in FIGS. 7(a) through 7(f) show voltage wave-
form COMMON (Vcom) of a counter electrode (not shown
in FIG. 6).

[0022] First, in time T1, the voltage Vg changing from
Vgl 1o VgH allows the TFT16a and the TFT16b to be
conduction states (ON-states) simultaneously, and thereby
the voltage Vs of the signal line 14 is transmitted to the sub
picture element electrodes 18a and 18b, with a result that the
sub picture elements 10¢ and 105 are charged. In the same
way, the subsidiary capacities 22a and 22b of the respective
sub picture elements are charged by the signal line 14.

[0023] Next, in time T2, the voltage Vg of the scan line 12
changing from VgH to VgL allows the TFT16a and the
TFT16b to be non-conduction states (OFF-states) simulta-
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neously, and thereby the charge of the sub picture elements
10a and 105 and the subsidiary capacities 22a and 22b is
finished, with a result that the sub picture elements 10a and
105 and the subsidiary capacities 22a and 22b are electri-
cally insulated from the signal line 14. Note that immedi-
ately after that, due to drawing phenomenon caused by the
effect of parasitic capacitance or the like included by the
TFT16a and the TFT16b, the voltage Vica of the sub picture
element electrode 18¢ and the voltage Vicb of the sub
picture element electrode 185 decrease by substantially the
same voltage Vd, and they become:

Vlea=Vs-Vd; and

Vieb=Vs-Vd.
[0024] Further, at the time, the voltage Vesa of the sub-
sidiary capacity wire 24a and the voltage Vcsb of the
subsidiary capacity wire 24b are:

Vesa=Veom-Vad, and

Vesb=Veom+Vad.
[0025] In time T3, the voltage Vcsa of the subsidiary
capacity wire 24a connected to the subsidiary capacity 224
changes from Vecom-Vad to Vcom+Vad, and the voltage
Vesb of the subsidiary capacity wire 24b connected to the
subsidiary capacity 22b changes from Vcom+ Vad to Vcom-
Vad. Along with this change of voltages of the subsidiary
capacity wires 24a and 24b, the voltages Vlca and Vlcb of
each sub picture element electrode change as follows:

Vlea=Vs-Vd+2xKxVad; and

Vieb=Vs-Vd-2xKx Vad.
[0026] Note that K=CCS{CLC(V)+CCS). Here, CLC(V)
is the value of capacitance of liquid crystal capacity in the
sub picture elements 10z and 105, and the value of CLC(V)
depends on effective voltage (V) applied to liquid crystal
layers of the sub picture elements 10@ and 10b. Further, CCS

is the value of capacitance of the subsidiary capacities 22a
and 22b.

[0027] In time T4, Vcsa changes from Vcom+Vad to
Vcom-Vad, and Vesb changes from Veom-Vad to Veom+
Vad, and Vlca and Vicb also change from

Vica=Vs-Vd+2xKxVad

Vicb=Vs-Vd-2xKxVad

to

Vica=Vs-Vd

Vichb=Vs-Vd.
[0028] In time TS5, Vcsa changes from Vcom-Vad to
Vecom+Vad and Vesb changes from Veom+Vad to Veom-
Vad by twofold Vad, and Vlca and VIcb also change from

Vica=Vs-Vd

Vich=Vs-Vd

to

Viea=Vs-Vd+2xKxVad

Vieb=Vs-Vd-2xKx Vad.
[0029] Vesa, Vesb, Vica and Vicb repeat alternately the
change in the T3 and T35. The interval or phase of repetition
of the T3 and TS should be suitably set in consideration of
a driving method of a liquid crystal display device (a method
such as a polarity inversion method) and of a display state

(such as flicker or rough surface of display) (for example, as
for the interval of repetition of the T3 and TS5, 0.5H, 1H, 2H,
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4H, 6H, 8H, 10H, 12H, . . . can be set (1H is 1 horizontal
scan period)). This repetition is continued until the next time
the picture element 10 is rewritten, namely, until the time
being equivalent to T1. Therefore, the effective values of the
voltages Vlca and Vicb of the sub picture element electrodes
are:

Vica=Vs-Vd+Kx Vad; and

Vichb=Vs-Vd-KxVad.
[0030] Therefore, effective voltages V1 and V2 applied to
liquid crystal layers of the sub picture elements 10z and 10b
are:

V1=Vica-Vcom; and

V2=Vicb-Vcom.

[0031]

V1=Vs-Vd+KxVad-Vcom; and

Namely,

V2=Vs-Vd-KxVad-Vcom.

[0032] Therefore, the difference of effective voltages
applied to liquid crystal layers of the respective sub picture
elements 10z and 10b, AV12(=V1-V2), becomes AV12=2x
KxVad, and it is possible to apply to the sub picture elements
10a and 105 voltages different from each other.

[0033] However, according to the above conventional
structure, there is a problem that uneven luminance appear-
ing in a lateral streak occurs when a certain gradation
(halftone) is displayed all over the display screen of a liquid
crystal display device with large size and high definition.
The cause of the occurrence of the uneven luminance
appearing in a lateral streak is explained below with refer-
ence to FIGS. 8 and 9.

[0034] FIG. 8 is a planc view illustrating a relation of
disposition between activation drivers and subsidiary capac-
ity wires.

[0035] Inaliquid crystal display device with large size and
high definition, as illustrated in FIG. 8, it is general to use
a plurality of gate drivers 30 and source drivers 32 for
activating the scan line 12 (see FIG. 6) and the signal line
14 (see FIG. 6) in a display region. Note that in FIG. 8, the
scan line 12 and the signal line 14 are not shown.

[0036] Further, all the subsidiary capacity wires 24a are
connected to a subsidiary capacity main line 34a, and the
voltage Vesa is inputted to the subsidiary capacity main line
34a through several input points. In general, the input points
of the voltage Vcsa are set between gate drivers 30 that are
separately disposed. Note that FIG. 8 illustrates a structure
for applying the subsidiary capacity voltage Vesa to the
subsidiary capacity wire 24a, and the subsidiary capacity
voltage Vesb is applied to the subsidiary capacity wire 24b
with the same structure.

[0037] Here, according to the structure illustrated in FIG.
8, in the subsidiary capacity wire 24a (such as point B) being
far from the input point of the voltage Vesa (such as point
S), compared to the subsidiary capacity wire 24a (such as
point A) being near to the input point of the voltage Vesa, the
effect of electric charge due to electric resistance and para-
sitic capacitance included by the subsidiary capacity main
line becomes large, so that voltage waveforms are blunted
greatly, as illustrated in FIG. 9. Note that in FIG. 9, a full
line shows a waveform of a voltage, supplied to the input
point (point S), for driving the subsidiary capacity wire, a
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broken line shows the voltage waveform of the subsidiary
capacity wire 24a (point A) near to the input point, and chain
line shows the voltage waveform of the subsidiary capacity
wire 24a (point B) far from the input point.

[0038] When the voltage waveforms of each subsidiary
capacity wire 24a are different according to the distance
from the input point, the potentials of each subsidiary
capacity wire 24a vary depending upon timing when the
gate of TFT is turned OFF. This becomes the cause of the
occurrence of uneven luminance appearing in a lateral
streak. The reason is explained below.

[0039] According to the above explanation by use of FIG.
7, voltages applied to liquid crystal layers in the multi-
picture element driving are influenced by the voltages Vcsa
or Vesb of the subsidiary capacity wires, as well as by the
voltage Vs of the signal line. The concrete performance of
Vesa or Vesb is as follows.

[0040] In a general liquid crystal display device, liquid
crystal capacity of each picture element is charged with a
voltage from the signal line through its TFT element, after
of which, it maintains the value of this signal voltage until
next charging starts. On the contrary, in the liquid crystal
display device of the multi-picture element driving, after
charging is finished (after a TFT element is turned OFF), i.c.
after time T2 of FIG. 7, the voltage oscillation of the CS bus
line (Vesa or Vesb) oscillates the voltage of the liquid crystal
capacity through the subsidiary capacity. Thus, the voltage
of the liquid crystal capacity is influenced by the voltage
oscillation of the CS bus line. What matters here is that,
voltage oscillation of the liquid crystal capacity accompa-
nying voltage oscillation of the CS bus line refers to the
voltage of the CS bus line at the time when TFT element is
turned OFF, i.c. at the time T2 of FIG. 7. That is, the voltage
of the CS bus line increasing and decreasing (oscillating)
from this reference voltage is superposed on the voltage of
liquid crystal capacity at the time T2 (in a narrow sense, a
voltage obtained by subtracting Vd from a charge voltage of
the signal line). In other words, the influence of the voltage
oscillation of the CS bus line on the voltage of liquid crystal
capacity in the multi-picture element driving depends on the
voltage of the CS bus line at the time when the TFT element
is turned OFF, i.e. at the time T2 of FIG. 7. Therefore, in
timing when the gate of a TFT is turned OFF, when the
potentials of the subsidiary capacity wires 24a differ from
each other, how much the oscillation voltage of the CS bus
line influences on the voltage of liquid crystal capacity
differs, with a result that voltages applied to liquid crystal
layers differ, and accordingly uneven luminance appearing
in a lateral streak occurs.

SUMMARY OF THE INVENTION

[0041] An object of the present invention is to provide a
liquid crystal display device performing multiple picture
element driving, which can prevent the occurrence of
uneven luminance appearing in a lateral streak.

[0042] 1In order to achieve the above object, the liquid
crystal display device according to the present invention is
a liquid crystal display device in which one display picture
element includes a plurality of sub picture elements capable
of providing mutually different luminance levels, difference
of the luminance levels between the sub picture elements,
which are connected to respective subsidiary capacity wires
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allowing voltage signals to be applied thereto, results from
application of different voltages of the voltage signals to the
subsidiary capacity wires, and OFF timing of a switching
element connected between the sub picture element and a
signal line is matched with phase timing when all the
subsidiary capacity wires to which the same voltage signal
is applied (points A and B in FIG. 8) are at the same
potential.

[0043] 1In the above liquid crystal display device in which
one display picture element includes a plurality of sub
picture elements capable of providing mutually different
luminance levels (multi-picture element driving), difference
of the luminance levels between the sub picture elements,
which are connected to respective subsidiary capacity wires
allowing voltage signals to be applied thereto, results from
application of different voltages of the voltage signals to the
subsidiary capacity wires. However, voltage waveforms of
the above subsidiary capacity wires are blunted differently in
terms of a signal, depending upon the distance from the
input point of the applied voltage signal (in general, there are
several points). As a result, variation in potentials of the
subsidiary capacity wires at a time point when a switching
element connected between each sub picture element and a
signal line is turned OFF (namely, at a time point when each
picture element is shut off from the signal line and the
amount of charge for a picture element is determined),
causes variation in the amount of charge for each picture
element. This resulted in uneven luminance appearing in a
lateral streak.

[0044] On the other hand, with the above arrangement, the
OFF timing of a switching element connected between each
sub picture element and a signal line is matched with the
phase timing when all the subsidiary capacity wires to which
the same voltage signal is applied are at the same potential,
so that variations in the amount charged to picture elements
connected to each scan line can be eliminated, and accord-
ingly the occurrence of the uneven luminance can be pre-
vented.

[0045] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1(a) illustrates a voltage signal applied to a
subsidiary capacity wire and its voltage waveforms, FIG.
1(b) illustrates a scanning signal for comparison, FIG. 1(c)
illustrates effective voltages of picture element electrodes
after oscillation voltages of the subsidiary capacity wires are
superposed when the scanning signal of FIG. 1(b) is used,
FIG. 1(d) illustrates a scanning signal of the present inven-
tion, and FIG. 1(e) illustrates effective voltages of picture
element electrodes after oscillation voltages of the subsid-
iary capacity wires are superposed when the scanning signal
of the FIG. 1(d) is used.

[0047] FIG. 2 is a waveform chart showing the voltage
signal applied to a subsidiary capacity wire, the voltage
signal being a quaternary signal, and how much the voltage
waveforms of the subsidiary capacity wires are blunted with
respect to the voltage signal.

[0048] FIG. 3 is a graph illustrating a relation between
index R2/R1 and a timing margin for preventing uneven
luminance.
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[0049] FIG. 4 is a graph illustrating a relation between
index R2/R1 and VHH, VH, VL and VLL as the variation of
a picture element voltage caused by superposing of oscilla-
tion waveforms of the subsidiary capacity wire is adjusted so
as to be a certain amount in the experiment in FIG. 3.

[0050] FIG. 5 is a graph illustrating gradation-luminance
characteristics both in general driving and multi-picture
element driving.

[0051] FIG. 6 is a view illustrating a structure of a picture
element of a liquid crystal display device for multi-picture
element driving.

[0052] FIGS. 7(a) through 7(f) are waveform charts illus-
trating conventional driving signals in the liquid crystal
display device for multi-picture element driving.

[0053] FIG. 8 is a plane view illustrating a structure of
wiring of the subsidiary capacity wires in the liquid crystal
display device for multi-picture element driving.

[0054] FIG. 9 is a waveform chart illustrating how much
voltage waveforms in the subsidiary capacity wire are
blunted.

[0055] FIGS. 10(a) and 10(b) are examples of arrange-
ment of sub picture elements placed over a plurality of
picture elements, and FIG. 10(c) is a plane view illustrating
an example of a shape of a sub picture element.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

[0056] One embodiment of the present invention is
explained below with reference to figures. Note that a liquid
crystal display device according to the present embodiment,
which performs multi-picture element driving, is character-
ized by its driving signals, and a structure of the device may
be the same as a structure of a conventional liquid crystal
display device (namely, a structure illustrated in FIGS. 6
and 8). Therefore, the present embodiment makes the struc-
ture of the liquid crystal display device the same as that
illustrated in FIGS. 6 and 8, and explanation is given using
reference numerals of these figures.

[0057] First, the driving signals of the liquid crystal dis-
play device according to the present embodiment is different
from the driving signal in FIG. 7 in that they control the
phases of input signals to the subsidiary capacity wires 24a
and 24b (voltage waveforms Vesa and Vesb) in accordance
with OFF timing of a scanning signal of the scan line 12
(voltage waveform Vg). Namely, the relation between volt-
age waveform Vs of the signal line 14 shown in FIG. 7(a)
and voltage waveform Vg of the scan line 12 shown in FIG.
7(d) is the same as that of the conventional example.

[0058] As for the liquid crystal display device according to
the present embodiment, a method for preventing the occur-
rence of uneven luminance appearing in a lateral streak is
explained below with reference to FIGS. 1(a) through 1(e).
FIG. 1(2) illustrates a waveform of a voltage, supplied to an
input point (FIG. 8, point S), for driving a subsidiary
capacity wire (shown by a full line in FIG. 1(a)), a voltage
waveform of the subsidiary capacity wire 24a near to the
input point (FIG. 8, point A) (shown by a broken line in
FIG. 1(a)) and a voltage waveform of the subsidiary capac-
ity wire 24a far from the input point (FIG. 8, point B)

Jan. 26, 2006

(shown by a chain line in FIG. 1(2)). FIG. 1(b) illustrates
a scanning signal shown for comparison, and corresponds to
Vg in FIG. 7 (d). FIG. 1(¢) illustrates voltage waveforms
after an oscillation voltage of the subsidiary capacity wire
shown by the broken line or the chain line of FIG. 1(a) is
superposed on picture element electrodes of a liquid crystal
layer when TFT element is turned OFF by the scanning
signal of FIG. 1(b), and corresponds to FIG. 7(f). FIG. 1(d)
is a scanning signal of the liquid crystal display device
according to the present embodiment. FIG. 1(e) illustrates
voltage waveforms after an oscillation voltage of the sub-
sidiary capacity wire shown by the broken line or the chain
line of FIG. 7(a) is superposed on picture element electrodes
of a liquid crystal layer when a TFT element is turned OFF
by the scanning signal of FIG. 1(d), and corresponds to
FIG. 7(f).

[0059] Note that for convenience, two kinds of scanning
signal waveforms are shown relative to one subsidiary
capacity voltage waveform in FIG. 1, but in an actual liquid
crystal display device, a scanning signal waveform is deter-
mined according to signal line voltage waveform Vs, with a
result that the scanning signal waveform cannot be changed.
Therefore, in optimization of a phase of a voltage waveform
of a subsidiary capacity wire in accordance with OFF timing
of the above scanning signal, the optimization is carried out
by changing the phase of the voltage of the subsidiary
capacity wire.

[0060] First, a case where the scanning signal shown in
FIG. 1(b) carries out driving control is discussed. In the case
of using the scanning signal shown in FIG. 1 (b), when a
scanning signal of a certain scan line 12 is turned OFF, all
picture elements connected to this scan line 12 are shut off
from the signal line 14 and the amount of charge is deter-
mined. Further, in OFF timing of this scanning signal, the
potential of the subsidiary capacity wire 24¢ near to the
input point is different from that of the subsidiary capacity
wire 24qa far from the input point by Va. At the time, FIG.
1(c) tells that as for effective voltages of picture element
electrodes after oscillation voltages of the subsidiary capac-
ity wires are superposed thereto, the broken line (the voltage
of a picture element electrode connected to the subsidiary
capacity wire 24a near to the input point) and the chain line
(the voltage of a picture element electrode connected to the
subsidiary capacity wire 24a far from the input point) are
different from each other in their effective voltages (the
voltages shown respectively by the straight broken line and
the straight chain line) by Va. Therefore, the potential
difference Va of the subsidiary capacity wires is reflected as
the difference of voltages applied to liquid crystal capacities
of sub picture elements connected to each scan line, i.e. the
difference of luminance between the sub picture elements,
and this causes uneven luminance appearing in a lateral
streak.

[0061] On the other hand, as shown in FIG. 1(a), in the
voltage waveform (broken line) of the subsidiary capacity
wire 24a near to the input point and the voltage waveform
(chain line) of the subsidiary capacity wire 24a far from the
input point, there is a cross point in each inversion cycle,
namely, there is timing when the above Vo becomes zero.
And as shown in FIG. 1(d), in the liquid crystal display
device according to the present embodiment, the cross point
of these voltage waveforms, namely, phase timing when
potentials of the subsidiary capacity wires become equal to
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each other, are matched with OFF timings of the scanning
signals. At the time, according to FIG. 1(e), the effective
voltages of picture element electrodes after oscillation volt-
ages of the subsidiary capacity wires are superposed thereto,
are shown by a broken line (a voltage of a picture element
electrode connected to the subsidiary capacity wire 24a near
to the input point) and a chain line (a voltage of a picture
element electrode connected to the subsidiary capacity wire
24 far from the input point), and their effective voltages
(voltages shown respectively by the broken line and the
chain line (both lines coincide)) conform to each other.
Therefore, the above uneven luminance appearing in a
lateral streak is never generated.

[0062] In this way, as shown by a relation shown in FIGS.
1(a) and 1(c), the liquid crystal display device according to
the present invention can eliminate the difference in voltages
applied to liquid crystal capacities of sub picture elements
connected to each scan line by matching OFF timing of a
scanning signal with phase timing when potentials of the
subsidiary capacity wires become equal to each other, so as
to prevent the generation of uneven luminance appearing in
a lateral streak.

Second Embodiment

[0063] A modified example of the present invention is
explained in second embodiment. The above first embodi-
ment uses binary oscillation voltages in a signal for driving
subsidiary capacity wires and controls a phase of the oscil-
lation, but there are below problems in applying this struc-
ture to an actual liquid crystal display device.

[0064] Namely, as is evident from FIG. 1(a), approxi-
mately at the cross point of the voltage waveform (the
broken line) of the subsidiary capacity wire 24a near to the
input point and the voltage waveform (the chain line) of the
subsidiary capacity wire 24a far from the input point,
inclinations of voltage waveforms are steep. In this case,
when gate OFF timing of a TFT by a falling edge of a
scanning signal shifts from the above crossing point even a
little, there occurs the potential difference between the
subsidiary capacity wires. This results in the occurrence of
uneven luminance appearing in a lateral streak. Namely, a
timing margin for controlling phase timing when potentials
of the subsidiary capacity wires become equal to each other
is very narrow. To be specific, the result of testing by use of
a liquid crystal display device with large size and high
definition by the inventor and others shows that the timing
margin of timing for eliminating the above uneven lumi-
nance is on the order of 0.12 us.

[0065] In this way, when the timing margin of phase
timing when potentials of subsidiary capacity wires become
equal is very narrow, consideration of characteristics varia-
tions of liquid crystal display devices tells that an adjustment
step for putting gate OFF timing within the above timing
margin is indispensable, and it brings a problem such as the
decrease in productivity. Further, even after putting the
phase timing when the subsidiary capacity wires are the
same potential within the above timing margin, the occur-
rence of uneven luminance might not be prevented because
of variation of the above timing due to the environment of
the device (such as temperature).

[0066] On the other hand, the liquid crystal display device
according to the second embodiment solves the above
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problem by broadening the timing margin of gate OFF
timing to eliminate uneven luminance. For this purpose, as
shown in FIG. 2, the liquid crystal display device according
to the second embodiment uses quaternary oscillation volt-
ages in a signal for driving subsidiary capacity wires.
Namely, the signal for driving subsidiary capacity wires in
the second embodiment changes in the order of the follow-
ing four waluess VHH, VH, VLL and VL
(VHH>VH>VL>VLL). Note that in FIG. 2 as well as FIG.
1, a waveform of a voltage, supplied to an input point (FIG.
8, point S), for driving a subsidiary capacity wire is shown
by a full line, a voltage waveform of a subsidiary capacity
wire 24¢ near to the input point (FIG. 8, point A) is shown
by a broken line, and a voltage waveform of the subsidiary
capacity wire 24 far from the input point (FIG. 8, point B)
is shown by a chain line.

[0067] When a signal for driving the subsidiary capacity
wire is made the quaternary signal as shown in FIG. 2, a
cross point of the voltage waveform of the subsidiary
capacity wire 24a near to the input point (FIG. 8, point A)
and the voltage waveform of the subsidiary capacity wire
244 far from the input point (FIG. 8, point B) can be set
between voltage VHH and VH, and between VLL and VL.

[0068] The reason is that the voltage waveform of the
subsidiary capacity wire 24a near to the input point changes
more sharply than the voltage waveform of the subsidiary
capacity wire 24¢ far from the input point, and both the
amount of a leading edge and that of a falling edge of
voltages per unit time are large. Therefore, at a time point
when a change in voltage from VL to VHH (a change in
voltage toward the leading edge) is finished, the voltage
waveform of the subsidiary capacity wire 24a near to the
input point (shown by the broken line in FIG. 2) reaches a
higher position than that of the subsidiary capacity wire 24a
far from the input point (shown by the chain line in FIG. 2).
Thereafter, at a time point when a change in voltage from
VHH to VH (a change in voltage toward the falling edge) is
finished, the voltage waveform of the subsidiary capacity
wire 24¢ near to the input point (shown by the broken line
in FIG. 2) reaches a lower position than that of the subsid-
iary capacity wire 24a far from the input point. Namely, in
the course of the change in voltage from VHH to VH (the
change in voltage toward the falling edge), the voltage
waveform of the subsidiary capacity wire 24a far from the
input point (shown by the chain line in FIG. 2) and that of
the subsidiary capacity wire 24a near to the input point
(shown by the broken line in FIG. 2) cross each other. And
approximately at this cross point, the inclinations of the
voltage waveforms become milder than when a binary signal
as shown in FIG. 1 is used, and the timing margin for
controlling gate OFF timing is broadened.

[0069] The reason is that when the influence of an oscil-
lation voltage waveform of the subsidiary capacity wire on
voltages applied to a liquid crystal layer in multi-picture
element driving is constant, a change in voltage from VHH
to VH in a case of using a quaternary waveform shown in
FIG. 2 (a variation in voltage of a voltage changing region
in which a cross point of the voltage waveform shown by the
broken line and the voltage waveform shown by the chain
line is generated) is smaller than a variation in voltage
(amplitude) of a binary signal waveform shown in FIG. 9.
Therefore, in respect of the above inclination of voltages at
a time point near a crossing point of voltage waveforms, the
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one using the quaternary signal waveform of FIG. 2 is
milder than the one using the binary signal waveform of
FIG. 9.

[0070] As a result of analysis of the same liquid crystal
display device with large size and high definition as the
above first embodiment, with the same evaluation criteria as
the first embodiment, by the inventor of the present appli-
cation, it was verified that the timing margin for eliminating
uneven luminance becomes on the order of 1.2 us that is
about ten times as wide as 0.12 us in the case of using the
binary signal in the first embodiment.

[0071] In this way, the liquid crystal display device
according to the second embodiment can omit the adjust-
ment step for putting the phase timing when the subsidiary
capacity wires are at the same potential within the timing
margin by broadening the timing margin, with a result that
the problem of decrease in productivity can be avoided.
Therefore, even when characteristics such as charge char-
acteristics change due to the environment of device (such as
temperature), the effect of preventing uneven luminance can
be maintained.

[0072] A preferred example of the waveform of a voltage
for driving a subsidiary capacity wiring is explained below
in detail. As shown 1n FIG. 3, in the second embodiment, a
variation in voltage in a leading edge from a voltage VL to
a voltage VHH in the driving signal of the subsidiary
capacity wire is R1, a variation in voltage in a falling edge
from a voltage VH to a voltage VLL is D 1, a variation in
voltage in a falling edge from a voltage VHH to a voltage
VH is D2 (<D1), and a variation in voltage in a leading edge
from a voltage VLL to a voltage VL is R2 (<R1). Note that
the variations R1, R2, D1 and D2 show absolute values of
the differences in voltage between a point before a voltage
change and a point after a voltage change.

[0073] Here, as an index for quantitatively evaluating the
effect of the present invention, D2/R1 is used. Note that the
present embodiment assumes that variations in voltages of
R1 and D1 are equal to each other, and variations in voltages
of R2 and D2 are equal to each other. Further, in the case of
a conventional binary voltage waveform, considering each
of R2 and D2 as 0, it is set so that D2/R1 (=R2/D1)=0.
Further, even when D2/R1, which is the above index, is
determined, the values of R1, R2, D1 and D2 are not
determined as unique values. Therefore, an adjustment is
performed so that luminance of 64/255 becomes equal in a
case of using a binary voltage waveform with oscillation of
4Vpp, namely, a variation in voltages of a picture element
caused by superposition of oscillation waveforms of sub-
sidiary capacity wires becomes constant. Of course, evalu-
ation of the uneven luminance appearing in a streak was
performed in 64/255 gradation. Further, periods for applying
each voltage of VHH, VH, VL and VLL in a quaternary
voltage waveform were set as equal one.

[0074] FIG. 3 is a graph showing a relation between the
index D2/R1 and the timing margin for preventing uneven
luminance. This graph shows the result of testing that is
obtained experimentally by use of plural kinds of signals
with different indices D2/R1, and whether uneven lumi-
nance was prevented or not was judged according to visual
observation of a display screen.

[0075] FIG. 3 shows that increase of the index D2/R1
broadens the timing margin for preventing the uneven lumi-
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nance. Namely, it was suggested that for the purpose of
making the timing margin as large as possible, it is effective
to set suitably the value of the index D2/R1. To put it
concretely, the effect starts when the value of D2/R1 is equal
to or more than 0, the effect is evident when the value is
equal to or more than 0.2, and the effect is large when the
value is equal to or more than 0.5. The test by the inventor
and others was carried out so that D2/R1 changed in a range
from 0 to 0.6 (@ in FIG. 3 indicates a tested point). In this
range, the maximum effect was obtained when D2/R1=0.6.
Note that the reason why the value of D2/R1 was set in a
range from O to 0.6 is because of a range of output voltages
of driving circuits, and not because of essential limits
relating to the present invention.

[0076] Note that in FIG. 3, in the experimented range of
the index D2/R1 (shown by @ in FIG. 3), increase of the
index D2/R1 broadens the timing margin, but it is expected
that when the index D2/R1 is further large, the timing
margin becomes small. The reason is that the larger the value
of D2/R1 becomes, the larger the variation in voltages by D2
(or R2) becomes, and accordingly it is expected that the
waveform inclination near the cross-point of the broken line
and the chain line shown in FIG. 2 becomes steep again.

[0077] FIG. 4 shows the values of VHH, VH, VL and VLL
when the adjustment was performed in the experiment of
FIG. 3 so that the variations of picture element voltages
caused by superposition of oscillation waveforms of sub-
sidiary capacity wires become constant. According to FIG.
4, the relation of VHH>VH>VL>VLL that is the condition
for obtaining the effect of the present invention is established
when the value of D2/R1 is approximately in a range from
0to 1.

[0078] According to the result of FIGS. 3 and 4, the effect
of the present invention starts when the value of D2/R1 is in
a range from 0 to 1, the effect is evident when the value of
D2/R1 is in a range from 0.2 to 1, and the effect is large when
the value of D2/R1 is in a range from 0.5 to 1.

[0079] Note that in the present embodiment, periods for
applying each voltage of VHH, VH, VL and VLL in the
quaternary voltage waveform are all identical, but the effect
of the present invention is not limited to this.

[0080] However, it is a preferable condition that the peri-
ods for applying each voltage of VHH, VH, VL and VLL are
all identical, namely, a period for the voltage waveform of
the subsidiary capacity wire 244 to respond to the change of
the voltage of R1 (or D1) is equal to a period for the voltage
waveform of the subsidiary capacity wire 244 to respond to
the change of voltage of D2 (or R2). The reason is explained
below with reference to FIG. 4. When the period for
responding to the change of the voltage of R1 (or DI1)
becomes shorter than the period for responding to the
change of the voltage of D2 (or R2), voltages on the
subsidiary capacity wires do not reach the value that is equal
to or more than VH (or equal to or less than VL) due to the
change of the voltage of R1 (or D1), and in this case the
phenomenon that is the operation of the present invention,
namely, the phenomenon that in responding to the change of
the voltage of D2 (or R2), the voltage waveform of the
subsidiary capacity wire 24a near to the input point (shown
by the broken line in FIG. 2) crosses the voltage waveform
of the subsidiary capacity wire 24a far from the input point
(shown by the chain line in FIG. 2), is not generated. On the
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other hand, when the period for responding to the change of
the voltage of D2 (or R2) is shorter than the period for
responding to the change of the voltage of R1 (or D1), the
period for the voltage on the subsidiary capacity wire to
respond to the change of the voltage of D2 (or R2) becomes
short, with a result that the phenomenon that is the operation
of the present invention, namely, the phenomenon that in
responding to the change of the voltage of D2 (or R2), the
voltage waveform of the subsidiary capacity wire 24a near
to the input point (shown by the broken line in FIG. 2)
crosses the voltage waveform of the subsidiary capacity wire
24 far from the input point (shown by the chain line in FIG.
2), is not generated. Therefore, in the present invention, it is
preferable that the periods for applying each voltage of
VHH, VH, VL and VLL are all identical, namely, the period
for the voltage waveform of the subsidiary capacity wire 24a
to respond to the change of the voltage of R1 (or D1) is equal
to the period for the voltage waveform of the subsidiary
capacity wire 24a to respond to the change of the voltage of
D2 (or R2).

[0081] Note that in the liquid crystal display device
according to the present invention, the number of sub picture
elements is not limited to two, and it may be more than two.
Further, a shape of a sub picture element or an area ratio of
the sub picture elements is not particularly limited. For
example, according to image quality of a display screen,
there is a case where the shape of a sub picture element may
be preferably not a rectangle, and according to the effect of
improvement in viewing angle, an arrangement in which the
area of a sub picture element with high display luminance is
the smaller, is preferable to an arrangement in which the
areas of the sub picture elements are equal to each other.

[0082] As shown above, the liquid crystal display device
according to the present invention is a liquid crystal display
device in which one display picture element includes a
plurality of sub picture elements capable of providing mutu-
ally different luminance levels, difference of the luminance
levels between the sub picture elements, which are con-
nected to respective subsidiary capacity wires allowing
voltage signals to be applied thereto, results from applica-
tion of different voltages of the voltage signals to the
subsidiary capacity wires, and OFF timing of a switching
element connected between the sub picture element and a
signal line is matched with phase timing when all the
subsidiary capacity wires to which the same voltage signal
is applied (points A and B in FIG. 8) are at the same
potential.

[0083] In the above liquid crystal display device in which
one display picture element includes a plurality of sub
picture elements capable of providing mutually different
luminance levels, difference of the luminance levels
between the sub picture elements, which are connected to
respective subsidiary capacity wires allowing voltage sig-
nals to be applied thereto, results from application of dif-
ferent voltages of the voltage signals to the subsidiary
capacity wires. However, voltage waveforms of the above
subsidiary capacity wires are blunted differently in terms of
a signal, depending upon the distance from the input point
of the applied voltage signal (in general, there are several
points). As a result, variation in potentials of the subsidiary
capacity wires at a time point when a switching element
connected between each sub picture element and a signal
line is turned OFF (namely, at a time point when each picture
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element is shut off from the signal line and the amount of
charge for a picture element is determined), causes variation
in the amount of charge for each picture element. This
resulted in uneven luminance appearing in a lateral streak.

[0084] On the other hand, with the above arrangement, the
OFF timing of a switching element connected between each
sub picture element and a signal line is matched with the
phase timing when all the subsidiary capacity wires to which
the same voltage signal is applied are at the same potential,
so that variations in the amount charged to picture elements
connected to each scan line can be eliminated, and accord-
ingly the occurrence of the uneven luminance can be pre-
vented.

[0085] Further, it is preferable that in the liquid crystal
display device, the voltage signal applied to the subsidiary
capacity wire is a quaternary signal having four voltage
values VHH, VH, VLL and VL periodically changing in this
order, the four voltage values satisfying a relation of
VHH>VH>VL>VLL.

[0086] With the arrangement, in the vicinity of phase
timing when all the subsidiary capacity wires are at the same
potential, namely, in the vicinity of a cross point of a slightly
blunted voltage waveform of a subsidiary capacity wire and
a greatly blunted voltage waveform of a subsidiary capacity
wire, a change of voltages can be mild. As a result, the
timing margin of OFF timing of a switching element con-
nected between each sub picture element and the signal line
can be broadened. This facilitates timing control of the OFF
timing.

[0087] Concrete embodiments explained in the
“DESCRIPTION OF THE EMBODIMENTS” are first and
foremost to clarify the technical contents of the present
invention, and the present invention is not to be limited to
such concrete embodiments, and a variety of modifications
are possible within the spirit and scope of the invention, and
within the scope of the following claims.

What is claimed is:

1. A liquid crystal display device in which one display
picture element includes a plurality of sub picture elements
capable of providing mutually different luminance levels,
wherein

difference of the luminance levels between the sub picture
elements, which are connected to respective subsidiary
capacity wires allowing voltage signals to be applied
thereto, results from application of different voltages of
the voltage signals to the subsidiary capacity wires, and

OFF timing of a switching element connected between the
sub picture element and a signal line is matched with
phase timing when all the subsidiary capacity wires to
which a same voltage signal is applied are at a same
potential.

2. A liquid crystal display device in which one display
picture element includes a plurality of sub picture elements
capable of providing mutually different luminance levels,
wherein

difference of the luminance levels between the sub picture
elements, which are connected to respective subsidiary
capacity wires allowing voltage signals to be applied
thereto, results from application of different voltages of
the voltage signals to the subsidiary capacity wires, and
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the voltage signal applied to the subsidiary capacity wire

is a quaternary signal.

3. The liquid crystal display device as set forth in claim 2,
wherein the voltage signal applied to the subsidiary capacity
wire is a quaternary signal having four voltage values VHH,
VH, VLL and VL periodically changing in this order, the
four voltage wvalues satisfying a relation of
VHH>VH>VL>VLL.

4. The liquid crystal display device as set forth in claim 3,
wherein when periods for applying the voltages of VHH,
VH, VLL and VL are respectively set as THH, TH, TLL and
TL in the voltage signal, a relation of THH=TH=TLL=TL is
established.

5. The liquid crystal display device as set forth in claim 3,
wherein when |[VHH-VL|=R1, |[VHH-VH|=D2, |VH-
VLL|=D1 and [VL-VLL|=R2, a relation of D2/R1 R2/D1 is
satisfied.

6. The liquid crystal display device as set forth in claim 3,
wherein when [VHH-VIL|=R1 and [VHH-VH|=D2, a rela-
tion of 0<D2/R1<«1 is satisfied.
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7. The liquid crystal display device as set forth in claim 3,
wherein when [VHH-VL|=R1 and [VHH-VH|=D2, a rela-
tion of 0.2<D2/R1<«1 is satisfied.

8. The liquid crystal display device as set forth in claim 3,
wherein when [VHH-VL|=R1 and [VHH-VH|=D2, a rela-
tion of 0.5<D2/R1<1 is satisfied.

9. The liquid crystal display device as set forth in claim 3,
wherein when [VL-VLL|=R2 and [VH-VLL|=D1, a relation
of 0<R2/D1<1 is satisfied.

10. The liquid crystal display device as set froth in claim
3, wherein when |[VL-VLL|=R2 and |VH-VLL|=D1, a rela-
tion of 0.2<R2/D1<1 is satisfied.

11. The liquid crystal display device as set forth in claim
3, wherein when |VL-VLL|=R2 and [VH-VLL|=D1, a rela-
tion of 0.5<R2/D1<«1 is satisfied.
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