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(57) ABSTRACT

One picture element of a liquid crystal panel is divided into
a region I where a cell gap is set to 4 pm and a region II
where a transparent insulating film is formed and a cell gap
is set to 2 um. In the region I, there occurs a phenomenon
(overshoot) that, when a voltage is applied, luminance
becomes high immediately before an alignment of liquid
crystal molecules becomes stable, and in the region II, no

(22) Filed: May 26, 2006 overshoot occurs. Response characteristics of an entire pic-
ture element are those obtained by synthesizing the response
characteristics in these regions. Parameters such as an area

(30) Foreign Application Priority Data ratio of the regions I and II, and cell gaps are set so that a
maximum luminance value is not greater than 110% of the

May 30, 2005 (JP) cooorerrrrrererrrrerrenns 2005-157632  luminance at a stable time.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2005-157632 filed on May
30, 2005, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device which is used for a display for personal
computer, a television set, a projection projector, and the
like, and particularly to a liquid crystal display device which
has excellent response characteristics and is preferable in
displaying moving images.

[0004] 2. Description of the Prior Art

[0005] Liquid crystal display devices have advantages that
they are thin and light, that they can be operative at low
voltages, and that they have low power consumption.
Accordingly, liquid crystal display devices are widely used
in various kinds of electronic devices. In particular, active
matrix liquid crystal display devices in which a thin film
transistor (TFT) is provided as a switching element for each
picture element show excellent display characteristics com-
parable to those of cathode-ray tube (CRT) displays, and
therefore have come to be used not only for displays for
personal computers, but also for television sets, projection
projectors, and the like.

[0006] In general, a liquid crystal display device has a
structure in which liquid crystals are sealed between two
substrates being disposed to face each other. On one sub-
strate, a TFT, a picture element electrode, and the like are
formed, while color filters, a common electrode, and the like
are formed on the other substrate. Hereinafter, a substrate on
which a TFT, a picture element electrode, and the like are
formed is referred to as a TFT substrate; and a substrate,
which is disposed to face the TFT substrate, is referred to as
an opposing substrate. A structure formed by sealing liquid
crystals between the TFT substrate and the opposing sub-
strate is referred to as a liquid crystal panel.

[0007] Polarizing plates are disposed respectively on both
sides of a liquid crystal panel in a thickness direction
thereof. By applying a voltage between a picture element
electrode and a common electrode, an alignment state of
liquid crystal molecules is changed so that the amount of
light passing through these polarizing plates can be adjusted.

[0008] Heretofore, twisted nematic (TN) liquid crystal
display devices have been widely used in which liquid
crystals with positive dielectric anisotropy are sealed
between two substrates and in which liquid crystal mol-
ecules are twisted and aligned. However, the TN liquid
crystal display devices have a disadvantage that viewing
angle characteristics are poor and that color contrast and
color tone change to a large extent when the screen is viewed
from an oblique direction. Accordingly, multi-domain ver-
tical alignment (MVA) liquid crystal display devices, which
have favorable viewing angle characteristics, have been
developed and put into practical use.
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[0009] In MVA liquid crystal display devices, liquid crys-
tals with negative dielectric anisotropy are sealed between
two substrates, and alignment control structures are disposed
in order to form a plurality of domains in which alignment
directions of liquid crystal molecules are different from one
another in one picture element, when a voltage is applied.
For the alignment control structures, for example, protru-
sions formed of dielectric materials and slits of electrodes
are used.

[0010] FIG. 1 is a view showing an equivalent circuit for
one picture element of a liquid crystal display device. As
shown in FIG. 1, one picture element of the liquid crystal
display device includes a TFT 10, a liquid crystal cell C; .,
and an auxiliary capacitance Cs. The liquid crystal cell C;
includes a picture element electrode, a common electrode,
and liquid crystals interposed therebetween.

[0011] The TFT 10 is turned on/off by scanning signals
supplied to a gate bus line 11. When the TFT 10 is turned on,
display signals (display voltages) are supplied from a data
bus line 12 to the liquid crystal cell C; . and the auxiliary
capacitance Cs. Thereafter, even when the TFT 10 is turned
off, the voltages held in the liquid crystal cell C; . and the
auxiliary capacitance Cs are still applied to liquid crystals.

[0012] Inliquid crystal display devices, after the voltage is
applied between a picture element electrode and a common
electrode, it takes time for all the liquid crystal molecules
within a picture element to align in predetermined directions
in accordance with the voltage. In addition, since liquid
crystal molecules have dielectric anisotropy, a capacitance
value of the liquid crystal cell C; . changes until the time at
which all the liquid crystal molecules are aligned in prede-
termined directions after the voltage is applied. Conse-
quently, the voltage applied to the liquid crystals decreases.
Therefore, as shown in FIG. 1, the auxiliary capacitance Cs
is connected to the liquid crystal cell C, . in parallel thereto
so that a change in the voltage applied to the liquid crystals
becomes small.

[0013] However, conventional liquid crystal display
devices have a problem that after-images occur when dis-
playing moving images, since response characteristics are
not sufficient. FIG. 2 is a view showing the response
characteristics of a conventional liquid crystal display
device, with time after a first display signal is applied on the
horizontal axis and with transmittance (luminance) on the
vertical axis. As shown in FIG. 2, in the conventional liquid
crystal display device, when the display is changed from a
black display state to a white display state, a desired
transmittance is not achieved when the first display signal is
applied, and, in many cases, the desired transmittance is
achieved when the second display signal is applied. In
general, when transmittance in a white display is set to
100%, a response time is defined by time tr (rise time) which
is required for the transmittance to change from 10% to
90%, and by time tf (fall time) which is required for the
transmittance to change from 90% to 10%.

[0014] For improving response characteristics of liquid
crystal display devices, an improvement of liquid crystal
materials may be conceived. However, any liquid crystal
materials, which have satisfactory response characteristics
and which satisfy both of display capability and long-term
reliability, have not so far been obtained.

[0015] Ttis also conceivable that the capacitance value of
the auxiliary capacitance Cs is increased, and, thereby,
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decreasing an applied voltage due to dielectric anisotropy of
liquid crystal molecules can be suppressed. However, in
general, since an electrode constituting the auxiliary capaci-
tance Cs is formed of metals, enlarging the electrode to
increase the capacitance value results in decreasing an
aperture ratio, and, hence, the screen becomes dark.

[0016] In coping with the above problems, a technology
so-called overdrive, which improves response characteris-
tics by using contrived driving techniques, was developed.
This technology is that, for example, in a case of a liquid
crystal display device in normally black (NB) mode, when
the display is changed from a black display to a halftone
display, a state change of liquid crystal molecules is accel-
erated by changing a voltage in three steps from a black
display voltage (low voltage) to a white display voltage
(high voltage), and to a halftone voltage (intermediate
voltage).

[0017] In Japanese Patent Application Laid-open No.
2001-343956, it is descried that, in a liquid crystal display
device in normally white (NW) mode, an overdrive driving
is performed. In this liquid crystal display device, for
example, between a black display (display voltage 5 V) and
a white display (display voltage 2.2 V), a voltage (1.9 V)
lower than the white display voltage is applied only for a
period of one frame.

[0018] However, the overdrive has a disadvantage that
since it is necessary to change a voltage supplied to data bus
lines in three steps from a black display voltage to a white
display voltage, and to a halftone voltage, driving circuits
become complex. In addition, in an MVA liquid crystal
display device in normally black mode, when the display is
changed from a black display to a halftone display, a
response time can be shortened by an overdrive; and,
however, when the display is changed from a black display
to a white display, a voltage higher than that in a white
display can not be applied so that a response time can not be
shortened.

[0019] In Japanese Patent Application Laid-open No.
2003-172915, it is described that, when the display is
changed from a black display to a white display, a voltage
higher than a white display voltage (highest tone voltage) is
applied. However, in that case, it is also necessary to change
a display voltage in three steps. In addition, it is necessary
to form a TFT which has a high withstanding voltage, and
thereby, it causes a problem that it is necessary to modify a
design and processing.

[0020] In Japanese Patent Application Laid-open No.
2000-231091, when a display is changed from a black
display to a halftone display, a voltage higher than a targeted
voltage of a halftone display is applied. In that case, it also
has a disadvantage that since it is necessary to change a
voltage supplied to data bus lines in three steps, a driving
circuit become complex.

SUMMARY OF THE INVENTION

[0021] Inview of the above described problems, an object
of the present invention is to provide a liquid crystal display
device which does not require a complex driving circuit and
which has superb response characteristics.

[0022] The above described problems can be solved by a
liquid crystal display device which has following features.
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The liquid crystal display device includes a first substrate on
which a picture element electrode is disposed in every
picture element, a second substrate on which a common
electrode is disposed and which is placed to face the first
substrate, and liquid crystals which are sealed between the
first substrate and the second substrate. In addition, the
liquid crystal display device includes a first region in which,
when a voltage applied to the picture element electrode
changes from a first voltage to a second voltage, luminance
increases up to a maximum point along with a change of an
alignment state of liquid crystal molecules, and, thereafter,
decreases down to a point at a stable time corresponding to
the second voltage, and a second region in which the
luminance increases along with a change of the alignment
state of the liquid crystal molecules, and comes to a point at
the stable time corresponding to the second voltage. More-
over a maximum luminance value over the entire picture
element is not greater than 110% of the luminance at the
stable time corresponding to the second voltage.

[0023] To make response characteristics in the first region
and the second region to be the same as those described
above, for example, a cell gap in the first region may be set
to about 4 pm, and a cell gap in the second region may be
set to about 2 pm. In addition, for example, slits of about 6
wm wide may be formed on an electrode in the first region
as alignment control structures, and slits of about 12 pm
wide may be formed on an electrode in the second region as
alignment control structures. Furthermore, for example,
when protrusions are formed as alignment control structures,
height of protrusions in the first region may be set to about
0.8 pm, and height of protrusions in the second region may
be set to about 2 pum.

[0024] Inventors of the present invention performed simu-
lations of behavior of liquid crystal molecules during a
period from a time at which a voltage is applied in a liquid
crystal layer to a time at which the alignment becomes
stable. The results thus obtained revealed that there was a
phenomenon that transmittance (luminance) immediately
before the alignment of the liquid crystal molecules becomes
stable becomes higher than that at a time when the alignment
thereof has become stable. In the present application, the
above phenomenon is referred to as an overshoot. In the
present invention, a response time of a liquid crystal display
device is attempted to be shortened by using the overshoot.

[0025] In this case, when the peak luminance (maximum
luminance) in the overshoot exceeds 110% of the luminance
at the stable time, an after image is perceived. In the present
invention, by forming two regions within one picture ele-
ment, the proportion of overshoots of the entire picture
element can be set to not greater than 110%. The two regions
are one (a region I) in which overshoots occur in a sufficient
proportion, and the other (a region II) in which overshoot
rarely occurs are formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a view showing an equivalent circuit for
one picture element of a liquid crystal display device.

[0027] FIG. 2 is a view showing response characteristics
of a conventional liquid crystal display device.

[0028] FIG. 3 is a schematic view showing an example of
an MVA liquid crystal display device.
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[0029] FIGS. 4A and 4B are schematic plan views show-
ing alignment states of liquid crystal molecules in a region
in the vicinity of a protrusion.

[0030] FIG. 5 is a view showing response characteristics
in a case where a response time of liquid crystal molecules
in a region between alignment control structures (protru-
sions and slits) is long.

[0031] FIG. 6 is a view showing response characteristics
in a case where a response time of liquid crystal molecules
in a region between alignment control structures (protru-
sions and slits) is short.

[0032] FIG. 7 is a view showing a simulation result on a
relationship of an interval between protrusions and slits, and
overshoot rates.

[0033] FIG. 8 is a view showing height and width of a
protrusion, width of a slit, and an interval between the
protrusion and the slit, and thickness of a liquid crystal layer.

[0034] FIG. 9 is a view showing a definition of an
overshoot.
[0035] FIG. 10 is a view showing a simulation result on

a relationship between slit width W2 and an overshoot rate.

[0036] FIG. 11 is a view showing a simulation result of a
relationship between protrusion width W1 and an overshoot
rate.

[0037] FIG. 12 is a view showing a simulation result of a
relationship between protrusion height H and an overshoot
rate.

[0038] FIG. 13A is a view showing a change of an
alignment state of liquid crystal molecules when a cell gap
is small; and FIG. 13B is a view showing a change of an
alignment state of liquid crystal molecules when a cell gap
is large.

[0039] FIG. 14 is a plan view of a liquid crystal display
device of a first embodiment of the present invention.

[0040] FIG. 15 is a schematic sectional view showing the
liquid crystal display device of FIG. 14.

[0041] FIG. 16 is a plan view showing a liquid crystal
display device of the first embodiment which is used for
measuring a response time.

[0042] FIG. 17 is a view showing response characteristics
of the liquid crystal display device of the first embodiment.

[0043] FIG. 18 is a plan view showing a liquid crystal
display device of a second embodiment of the present
invention.

[0044] FIG. 19 is a schematic sectional view showing the
liquid crystal display device of the second embodiment.

[0045] FIG. 20 is a view showing response characteristics
of the liquid crystal display device of the second embodi-
ment.

[0046] FIG. 21 is a schematic sectional view showing a
liquid crystal display device of a third embodiment of the
present invention.

[0047] FIG. 22 is a view showing response characteristics
of the liquid crystal display device of the third embodiment.
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[0048] FIG. 23 is a schematic sectional view showing a
modified example of the liquid crystal display device of the
third embodiment.

[0049] FIG. 24 is a plan view showing a liquid crystal
display device of a forth embodiment of the present inven-
tion.

[0050] FIG. 25 is a view showing response characteristics
of the liquid crystal display device of the forth embodiment.

[0051] FIG. 26 is a schematic sectional view showing a
liquid crystal display device of a fifth embodiment of the
present invention.

[0052] FIG. 27 is a view showing response characteristics
of the liquid crystal display device of the fifth embodiment.

[0053] FIG. 28 is a plan view showing a liquid crystal
display device of a sixth embodiment of the present inven-
tion.

[0054] FIG. 29 is a view showing response characteristics
of the liquid crystal display device of the sixth embodiment.

[0055] FIG. 30 is a schematic sectional view showing a
liquid crystal display device of a seventh embodiment of the
present invention.

[0056] FIGS. 31A and 31B are views showing driving
methods of a liquid crystal display device of an eighth
embodiment of the present invention.

[0057] FIG. 32 is a plan view showing a liquid crystal
display device of a ninth embodiment of the present inven-
tion.

[0058] FIG. 33 is a schematic sectional view showing the
liquid crystal display device of the same.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] Embodiments of the present invention are, herein-
after, described with reference to the accompanying draw-
ings.

[0060] Inventors of the present invention performed a
simulation of a behavior of liquid crystal molecules during
a period from a time at which a voltage is applied to a liquid
crystal layer to a time at which alignment becomes stable, in
an MVA liquid crystal display device. As a result, it is
revealed that there is a phenomenon (overshoot), in which a
transmittance (luminance) immediately before a time when
the alignment of the liquid crystal molecules is stabilized is
higher than that at a time when the alignment of the liquid
crystal molecules is stabilized, in the MVA liquid crystal
display device. In the present invention, response time of a
liquid crystal display device was attempted to be shortened
by using the overshoot.

[0061] Prior to describing of the overshoot, the MVA
liquid crystal display device is briefly described. FIG. 3 is
a schematic view showing an example of the MVA liquid
crystal display device. In the MVA liquid crystal display
device, on one of two substrates constituting a liquid crystal
panel, a picture element electrode 21 is formed, while a
common electrode 22 is formed on the other substrate. In
addition, polarizing plates (not illustrated) are disposed
respectively on both sides of the liquid crystal panel in a
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thickness direction thereof in such a way that their absorp-
tion axes are orthogonal to each other.

[0062] A slit 21a is disposed as an alignment control
structure in the picture element electrode 21, and a bank-
shaped protrusion 23 formed of a dielectric material is
disposed on the common electrode 22 (in FIG. 3, under the
common electrode 22) as the alignment control structure. In
addition, liquid crystals with negative dielectric anisotropy
are sealed between the picture element electrode 21 and the
common electrode 22. Surfaces of the picture element
electrode 21, the common electrode 22, and the protrusion
23 are covered with vertical alignment films (not illustrated)
formed of polyimide and the like.

[0063] In such an MVA liquid crystal display device, in a
state where a voltage is not applied between the picture
element electrode 21 and the common electrode 22, liquid
crystal molecules 30a are aligned almost perpendicularly to
substrates surfaces. However, the liquid crystal molecules
30a in the vicinity of the protrusion 23 are aligned in a
direction perpendicular to an inclined surface of the protru-
sion 23.

[0064] When a predetermined voltage is applied between
the picture element electrode 21 and the common electrode
22, the liquid crystal molecules 30a are inclined at an angle
in accordance with a voltage. Right after applying a voltage,
the liquid crystal molecules 30a in the vicinity of the
protrusion 23 and the slit 21a are inclined in directions
perpendicular to directions in which the protrusion 23 and
the slit 21a are extended. On the other hand, the liquid
crystal molecules 30a at positions away from the protrusion
23 and the slit 21a become in an unstable state, since
although an inclination angle (an angle formed by a normal
line perpendicular to the substrate surface, and by a major
axis of a liquid crystal molecule) thereof is determined in
accordance with a voltage, an inclination orientation (a
direction of a line formed by projecting the major axis of the
liquid crystal molecule on the substrate surface) thereof is
not determined.

[0065] Thereafter, alignment states of the liquid crystal
molecules 304 in the vicinity of the protrusion 23 and the slit
21a are propagated to the liquid crystal molecules 30a at
positions away from the protrusion 23 and the slit 21.
Accordingly, the inclination orientations of these liquid
crystal molecules 30a are determined and their alignment
states become stable.

[0066] FIGS. 4A and 4B are schematic plan views show-
ing alignment states of liquid crystal molecules in a region
in the vicinity of the protrusion 23. With reference to the
drawings of FIGS. 4A and 4B, a reason why an overshoot
occurs is described. Incidentally, arrows in the drawings
show directions of absorption axes of two polarizing plates,
between which a liquid crystal panel is interposed. In this
case, when a voltage is not applied between a picture
element electrode and a common electrode, display becomes
a black display (normally black).

[0067] Right after applying a voltage between the picture
element electrode and the common electrode, as shown in
FIG. 4A, the liquid crystal molecules 304 on both sides of
the protrusion 23 are inclined to orientations perpendicular
to a direction in which the protrusion 23 is extended.
However, it has not yet determined to which orientations the
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liquid crystal molecules 30a at positions of a central portion
of the protrusion 23 are inclined. In this state, one dark line
35 occurs in the middle of the protrusion 23.

[0068] Thereafter, after a certain time has elapsed, as
shown in FIG. 4B, the inclination orientations of the liquid
crystal molecules 30a in the middle of the protrusion 23 are
determined so as to continue to the alignments of the liquid
crystal molecules 30a on both sides of the protrusion 23. In
this case, the dark lines 35 occur respectively on portions
where the inclination orientations of the liquid crystal mol-
ecules 30q are the same directions as those of the absorption
axes of the polarizing plates, that is, the portions near edges
of the both sides of the protrusion 23. Consequently, a
transmittance is decreased in comparison with that in the
state shown in FIG. 4A. It is conceived that an overshoot
occurs due to change of the number of the dark lines 35.

[0069] In a case where an alignment control structure is a
slit, as in the above, right after applying a voltage, one dark
line occurs in the middle of the slit, and thereafter two dark
lines occur near edges of both sides of the slit so that
transmittance is reduced.

[0070] FIG. 5 isaview showing a change of transmittance
(response characteristics) during a period from a time at
which a display signal is applied to a time at which trans-
mittance becomes stable, with time on the horizontal axis
and with transmittance on the vertical axis. As aforemen-
tioned, an alignment of liquid crystal molecules in a region
in the vicinity of an alignment control structure (a protrusion
or a slit) (hereinafter, referred to as “region I”’) become
stable in a relatively short period of time after a display
signal is applied to a picture element electrode. At this time,
an overshoot occurs as shown by a dashed line in FIG. 5.

[0071] On the other hand, inclination orientations of liquid
crystal molecules in a region away from alignment control
structures (hereinafter, referred to as “region 1I”) are not
determined right after applying a voltage, and the alignment
of the liquid crystal molecules in the vicinities of alignment
control structures are propagated and the liquid crystal
molecules are aligned in a predetermined direction. Accord-
ingly, it takes a relatively long time that the alignment of the
liquid crystal molecules in the region II becomes stable as
shown by an alternate long and short dash line in FIG. 5.

[0072] A transmittance of the entire picture elements is
one obtained by synthesizing transmittance in the region I
and transmittance in the region II. Accordingly, when it is
required to take a long time to stabilize the alignment of the
liquid crystal molecules in the region II, an overshoot
occurred in the region I is covered with response character-
istics in the region II so that the overshoot does not occur in
response characteristics of the entire picture elements, as
shown by a solid line in FIG. 5.

[0073] FIG. 6 is a view showing response characteristics
in a case where the response time of the liquid crystal
molecules in a region (region IT) between alignment control
structures is short. As shown in FIG. 6, the response
characteristics in the vicinity of an alignment control struc-
ture 1s the same as that shown in FIG. 5. However, when the
response time is short in the region (region II) away from the
alignment control structures, an overshoot is observed in the
response characteristics of the entire picture elements. To
shorten a response time of liquid crystal molecules in the
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region (region 1) between the alignment control structures,
it is considered, for example, to make an interval between
the protrusion and the slit to be small.

[0074] Inthe present invention, the inventors performed a
simulation with respect to a relationship on an interval
between the protrusion and the slit, and a overshoot rate. The
results are shown in FIG. 7. The interval between a protru-
sion and a slit is a length of a portion denoted by L shown
in FIG. 8. In addition, here, the width W1 of the protrusion
23 is 12 pum, and the height H thereof is 1.4 pm; the width
W2 of the slit 21a is 10 um, and the thickness (cell gap) d
of a liquid crystal layer is 3.8 um.

[0075] As can be seen from FIG. 7, when the interval L
between the protrusion and the slit is 25 um, the overshoot
rate is about 1%, and hence it is substantially negligible.
However, when the interval L is 20 pm, the overshoot rate
becomes about 5%; when the interval L is 15 um, the
overshoot rate becomes about 9%; and when the interval L
is 10 wm, the overshoot rate becomes about 12%. Inciden-
tally, here, as shown in FIG. 9, when To stands for lumi-
nance after stabilization in a white display, and Tmax stands
for maximum luminance, the overshoot rate is defined as
(Tmax-T,)x100/T,.

[0076] As in the above, when the interval L is less than or
equal to 20 um, the overshoot rate becomes larger. Never-
theless, when the interval L between the protrusion 23 and
the slit 21 becomes smaller than 10 um, a ratio of an area of
an alignment control structures (the protrusion or the slit) to
an area of the picture element becomes large, and the
aperture ratio is drastically decreased. Therefore, it is pre-
ferred that the interval L between the protrusion and the slit
be in a range of 10 to 20 um. However, even when the
interval L is 25 pm, it is still possible to cause an overshoot
to occur by setting proper conditions (parameters).

[0077] FIG. 10 is a view showing a simulation result of a
relationship between the slit width W2 and the overshoot
rate, with the slit width W2 on the horizontal axis, and with
the overshoot rate on the vertical axis. Note that, here, the
protrusion width W1 is 12 um, and the protrusion height H
is 1.4 pm, the interval L between the protrusion and the slit
is 20um, and the thickness (cell gap) d of a liquid crystal
layer is 3.8 pm.

[0078] As shown in FIG. 10, when the slit width W2 is
less than or equal to 10 pum, the overshoot rate exceeds about
5%. However, when the slit width W2 is smaller than 6um,
alignment properties of the liquid crystal molecules in the
vicinity of the slit is decreased.

[0079] FIG. 11 is a view showing a simulation result of a
relationship between the protrusion width W1 and the over-
shoot rate, with the protrusion width W1 on the horizontal
axis, and with the overshoot rate on the vertical axis. Here,
the protrusion height H is 1.4 pm, the slit width W2 is 10 pm,
the interval L between the protrusion and the slit is 20 pm,
and the thickness (cell gap) d of a liquid crystal layer is 3.8
pm. As can be seen from FIG. 11, by making the protrusion
width W1 not more than 12 pm, the overshoot rate can be not
less than about 5%. However, when the protrusion width W1
becomes narrower than 6 pum, the alignment properties of the
liquid crystal molecules in the vicinity of the protrusion is
deteriorated.

[0080] FIG. 12 is a view showing a simulation result of a
relationship between the protrusion height H and the over-
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shoot rate, with the protrusion height H on the horizontal
axis, and with the overshoot rate on the vertical axis. Here,
the protrusion width W1 is 12 um, the slit width W2 is 10
um, the interval [ between the protrusion and the slit is
20um, and the thickness (cell gap) d of a liquid crystal layer

is 3.8 pm.

[0081] As can be seen from FIG. 12, by making the
protrusion height H to be not more than 1.4 um, the
overshoot rate can be not less than about 5%. However,
when the protrusion height H becomes smaller than 0.7 um,
the alignment properties of the liquid crystal molecules in
the vicinity of the protrusion is impaired.

[0082] Furthermore, the inventors conducted various
kinds of experiments, and found out that it is possible to
control the overshoot by use of the thickness (cell gap) of the
liquid crystal layer. When the cell gap is small, a large
alignment regulate force acts due to the alignment control
structures (the slit, the protrusion, or the like). Accordingly,
as shown in FIG. 13A, when a voltage is applied, the liquid
crystal molecules 30a in a region away from alignment
control structures 41a and 415, are inclined to an orientation
perpendicular to the alignment control structures 41a and
415, and come to a stable state.

[0083] Howevet, as shown in FIG. 13B, when the cell gap
is large, the liquid crystal molecules 30a in a region away
from the alignment control structures 41a and 415, firstly,
are inclined to an orientation perpendicular to the alignment
control structures 41a and 415. Thereafter, the liquid crystal
molecules 30a are inclined to an orientation slightly devi-
ated from the orientation perpendicular to the alignment
control structures 41a and 415, and come to a stable state. It
is conceived that the above result was obtained because the
liquid crystal molecules 30a over of the alignment control
structures 41a and 415 are aligned in parallel to the align-
ment control structures 41a and 415, and, when the cell gap
is large, an alignment influence of the above described liquid
crystal molecules 30e¢ propagates slowly in the middle
region of the liquid crystal layer in the thickness direction
thereof.

[0084] Incidentally, the experimental results obtained by
the inventors show that, when the overshoot rate exceeds
10%, after images are perceived. Therefore, in embodiments
of the present invention, one picture element is provided
therein with a region (region I) in which overshoots occur in
sufficient proportion, and a region (region II) in which
almost no overshoot occurs; and an area ratio of these two
regions and the overshoot ratio in the region I are adjusted
so that the overshoot ratio of the entire one picture element
is not more than 10%.

[0085] Note that, when a peak overshoot does not exist
within the first frame after a display signal is changed, an
after image is perceived. Accordingly, it is preferred that
each parameter is adjusted so that the peak overshoot exists
within the first frame after a display signal is changed.

[0086] Liquid crystal display devices of the embodiments
of the present invention are hereinafter described.

(First Embodiment)

[0087] FIG. 14 is a plan view showing a liquid crystal
display device of a first embodiment of the present inven-
tion, and FIG. 15 is a schematic sectional view of the same.
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[0088] As shown in FIG. 15, a liquid crystal panel 100
includes a TFT substrate 110, an opposing substrate 130, and
a liquid crystal layer 140 formed of liquid crystals with
negative dielectric anisotropy. The liquid crystals are sealed
between the TFT substrate 110 and the opposing substrate
130. Linearly polarizing plates (not illustrated) are placed,
respectively, on the front side (from an observer’s side; an
upper side in FIG. 15) of the liquid crystal panel 100 and on
the back side (a lower side in FIG. 15) thereof, and further
a backlight (not illustrated) is placed on the back side
thereof. One polarizing plate is disposed in a way that its
absorption axis coincides with X-axis shown in FIG. 14, and
the other polarizing plate is disposed in a way that its
absorption axis coincides with Y-axis.

[0089] As shown in FIG. 14, on a glass substrate 110q,
which is a base of the TFT substrate 110, a plurality of gate
bus lines 111 extending in a horizontal direction (in a
direction of X-axis) and a plurality of data bus lines 115
extending in a vertical direction (in a direction of Y-axis) are
formed. The gate bus lines 111 are placed in the vertical
direction at intervals of, for example, approximately 300
um, and the data bus lines 115 are placed in the horizontal
direction at intervals of, for example, approximately 100
um. Rectangular regions divided by the gate bus lines 111
and the data bus lines 115 are, respectively, picture element
regions. On the TFT substrate 110, auxiliary capacitance bus
lines 112, which are placed in parallel to the gate bus lines
111 and which cross picture element regions in the middle
thereof, are formed.

[0090] Furthermore, on the substrate 110, a TFT 117, an
auxiliary capacitance electrode 118, and a picture element
electrode 120 are formed in each picture element region. For
the TFT 117, a part of the gate bus line 111 works as a gate
electrode. As shown in FIG. 15, above this gate electrode,
a semiconductor film 114a, which is an active layer for the
TFT 117, and a channel protection film 1144 are formed. A
drain electrode 117a and a source electrode 1175 are dis-
posed on both sides of the semiconductor film 114a to face
each other. The drain electrode 1174 is connected to the data
bus line 115.

[0091] The auvxiliary capacitance electrode 118 is formed
at a position facing the auxiliary capacitance bus line 112
with a first insulating film 113 interposed therebetween. This
auxiliary capacitance electrode 118, the auxiliary capaci-
tance bus line 112, and the insulating film 113 interposed
therebetween form an auxiliary capacitance Cs.

[0092] A picture element electrode 120 is formed of
transparent conductive material such as indium-tin oxide
(ITO). On the picture element electrode 120, slits 120q,
extending in an oblique direction with respect to the Y-axis
direction, are provided as alignment control structures. The
slits 120a are formed approximately symmetrically on upper
and lower sides with respect to a center line of the auxiliary
capacitance bus line 112. In this embodiment, the slits 120a
are 10 pm wide.

[0093] A second insulating film 119 is formed between the
data bus lines 115, the TFT 117, and the auxiliary capaci-
tance electrode 118, and the picture element electrode 120.
The picture element electrode 120 is electrically connected
to the source electrode 1176 and the auxiliary capacitance
electrode 118 through contact holes 1194 and 1195 formed
in the second insulating film 119. The surface of the picture
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element electrode 120 is covered with a vertical alignment
film (not illustrated) formed of polyimide.

[0094] On the other hand, over (in FIG. 15, under) the
glass substrate 130a which is a base for the opposing
substrate 130, a black matrix (light blocking film) 131, a
color filter 132, a common electrode 133, a transparent
insulating film 135 which is a cell gap adjusting structure,
and bank-like protrusions 136 which are alignment control
structures are formed.

[0095] The black matrix 131 is formed of metal such as Cr
(chromium) or black resin, and is placed at a position facing
the gate bus lines 111, the data bus lines 115, and the TFT
117 on the side of the TFT substrate 110. There are color
filters of three different colors, red (R), green (G), and blue
(B). A color filter of any one color among red, green, and
blue is placed in each picture element.

[0096] The common electrode 133 is formed of a trans-
parent conductive material such as ITO, and is formed on (in
FIG. 15, below) the color filter 132. Here, the transparent
insulating film 135 is formed on roughly half of the region
of one picture element. In this embodiment, a cell gap
(thickness of the liquid crystal layer 140) of a region (region
1) where the transparent insulating film 135 is not formed is
approximately 4 pm, and a cell gap of a region (region II)
where the transparent insulating film 135 is formed is
approximately 2 pm.

[0097] The protrusions 136 being the alignment control
structures are formed of dielectric material, for example,
photosensitive resin. As shown in FIG. 14, these protrusions
136 are formed in parallel to the slits 120a in regions
between the slits 120a of the picture element electrode 120.
In this application, the protrusions 136 are 10 um wide and
1.5 um high. In addition, the intervals between the protru-
sions 136 and the slits 120a are 25 pm.

[0098] In the liquid crystal display device constituted as
above, in the region I where the cell gap is 4 um, an
overshoot in which luminance is higher than that in a stable
state occurs during a period from a time when a voltage is
applied to a time when the luminance comes to a stable state.
On the other hand., in the region II where the cell gap is 2 pum,
no overshoot occurs. Afier a voltage is applied, the lumi-
nance increases as time passes, and comes to a stable state.
By adjusting an area ratio of these two regions, an overshoot
rate of the entire picture element is set not more than 10%,
and thereby a favorable moving image display capability can
be obtained in which response speed is fast and no after
image caused by overshoots exists.

[0099] Following descriptions are about manufacturing a
liquid crystal display device with the structure described
above according to this embodiment, and about measured
results of response speed of the liquid crystal display device.
Here, the transparent insulating films 135 are formed on
positions shown by shaded portions in a plan view of a
picture element in FIG. 16.

[0100] The picture element electrode 120 and the common
electrode 133 were formed by sputtering the ITO with 100
nm in thickness, respectively. For the transparent insulating
film 135 and the protrusions 136, photosensitive acrylic
resin manufactured by JSR Corporation was used, and they
were formed in a predetermined pattern by using a photo-
resist method. In addition, an alignment film is formed by
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applying an alignment film material manufactured by JSR
Corporation on the surfaces of the TFT substrate 110 and the
opposing substrate 130 by a print processing method, and
thereafter by heating the applied film material at a tempera-
ture of 200 degrees Celsius for 40 minutes.

[0101] As described above, the cell gap in the region I is
4 pm, the cell gap in the region I is 2 pum, the slits 120a are
10 um wide, and the protrusions 136 are 10 um wide and 1.5
pm high. Moreover, intervals between the slits 120a and the
protrusions 136 are 25 um.

[0102] FIG. 17 is a view showing response characteristics
of the liquid crystal display device of this embodiment, with
time on the horizontal axis, and with luminance on the
vertical axis. In FIG. 17, the luminance at a stable time is set
to 100%.

[0103] In the regions II where the cell gap is small, the
luminance changes gradually from dark to bright, and comes
to a stable state. In the region I where the cell gap is large,
the luminance once exceeds 110%, and thereafter comes to
the stable state. As a result, in the entire picture element, the
peak luminance is less than or equal to 110%.

[0104] Rise time tr of the liquid crystal display device of
this embodiment was measured, and it was 8 ms. In addition,
it was confirmed that no after image was perceived in this
liquid crystal display device. On the other hand, a liquid
crystal display device (conventional one), which has the
same configuration as that of this embodiment except that
transparent insulating film 135 is not included, was manu-
factured; and the measured rise time tr thereof was 15 ms.
Hence, it was confirmed that the liquid crystal display device
of this embodiment was effective in improving response
characteristics.

[0105] Note that, in this embodiment, although the lin-
early polarizing plates are disposed on the both sides of the
liquid crystal panel 100, circular polarizing plates may be
used instead. In a case of the circular polarizing plates, since
there is principally no influence exerted on luminance by
change of an orientation angle, an effect for improving
response characteristics becomes small. However, since
transmittance is improved, a high-luminance panel can be
realized.

(Second Embodiment)

[0106] FIG. 18 is a plan view showing a ligquid crystal
display device of a second embodiment of the present
invention, and FIG. 19 is a schematic sectional view show-
ing the same. In FIGS. 18 and 19, the same reference
numerals are used to designate the same components as
those in FIGS. 14 and 15.

[0107] In this embodiment, width of a slit 12056 of a
picture element electrode 120 in a region I is 6 pm, and
width of a slit 120¢ of the picture element electrode 120 in
aregion I1is 12 um. Furthermore, in this embodiment, there
is no part corresponding to the transparent insulating film
135 of the first embodiment, and both cell gaps (thickness of
a liquid crystal layer 140) of the regions I and 1I are 4 um.

[0108] FIG. 20 is a view showing response characteristics
of a liquid crystal display device of this embodiment, with
time on the horizontal axis and with luminance on the
vertical axis. As shown in FIG. 20, in this embodiment, an
overshoot occurs in the region I where the slit width is 6 um,
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and no overshoot occurs in the region IT where the slit width
is 12 um. It is possible to make the response time shorter
than that of a conventional one. In addition, an overshoot
rate of an entire picture element is less than or equal to
110%, and occurrence of after image can be avoided.

(Third Embodiment)

[0109] FIG. 21 is a schematic sectional view showing a
liquid crystal display device of a third embodiment of the
present invention. Here, in FIG. 21, the same reference
numerals are used to designate the same components as
those in FIG. 15.

[0110] In this embodiment, height of protrusions 1365 in
a region I are 0.8 pm, and height of protrusions 136¢ in a
region I are 2 um. In this embodiment, there is also no part
corresponding to the transparent insulating film 135 of the
first embodiment, and both cell gaps of the regions 1 and II
are 4 um.

[0111] FIG. 22 is a view showing response characteristics
of a liquid crystal display device of this embodiment, with
time on the horizontal axis and with luminance on the
vertical axis. As shown in FIG. 22, in this embodiment, an
overshoot occurs in the region I where the height of the
protrusions 1364 are 0.8 pm, and no overshoot occurs in the
region II where the height of the protrusions 136¢ are 2 pm.
It is possible to make the response time shorter than that of
a conventional one. In addition, an overshoot rate of an
entire picture element is less than or equal to 110%, and
occurrence of after image can be avoided.

[0112] FIG. 23 is a schematic sectional view showing a
modified example of the liquid crystal display device of the
third embodiment. In FIG. 23, the same reference numerals
are used to designate the same components as those in FIG.
21.

[0113] In this modified example of the liquid crystal
display device, black matrices 131 are also disposed in
regions corresponding to the protrusions 136¢ placed in the
region II. At the time of a black display, liquid crystal
molecules in the vicinity of a protrusion are aligned in a
direction perpendicular to an inclined surface of the protru-
sion, so that leakage of light occurs. In this embodiment,
especially, since the protrusions 136¢ in the region IT are
formed to be large in size, a ratio of the leakage of light is
conceived to be larger than that of a conventional liquid
crystal display device.

[0114] As shown in FIG. 23, since the black matrices 131
are disposed in the regions corresponding to the protrusions
136¢, the leakage of light in the vicinities of the protrusions
136¢ can be prevented, and contrast characteristics are
improved.

(Forth Embodiment)

[0115] FIG. 24 is a plan view showing a liquid crystal
display device of a forth embodiment of the present inven-
tion. Incidentally, in FIG. 24, the same reference numerals
are used to designate the same components as those in FIG.
14. In this embodiment, both cell gaps in regions [ and IT are
also 4 pum.

[0116] In this embodiment, as shown in FIG. 24, a portion
(a portion circled by a dashed line in the drawing; and
hereinafter, referred to as a bent portion 137) of slits 120a in
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the region I is bent along sides of an isosceles right triangle
in which a base is 10 pm and a height is 5 um. By providing
the bent portion 137 as described above, when a voltage is
changed from a black display voltage to a white display
voltage or a halftone display voltage, an overshoot occurs in
the region I, and luminance once increases up to the maxi-
mum point. Thereafter the luminance decreases down to a
point corresponding to the white display voltage or the
halftone display voltage, and comes to a stable state.

[0117] FIG. 25 is a view showing response characteristics
of the liquid crystal display device of this embodiment, with
time on the horizontal axis and with luminance on the
vertical axis. As shown in FIG. 25, in this embodiment, an
overshoot also occurs in the region I where the bent portion
137 is disposed, and no overshoot occurs in the region 11
where no bent portion is provided. Accordingly, it is possible
to make a response time shorter than that of a conventional
one. In addition, an overshoot rate of an entire picture
element is less than or equal to 110%, and occurrence of
after image can be avoided.

(Fifth Embodiment)

[0118] FIG. 26 is a schematic sectional view showing a
liquid crystal display device of a fifth embodiment of the
present invention. In FIG. 26, the same reference numerals
are used to designate the same components as those in FIG.
15.

[0119] In this embodiment, intervals between slits 120a
and protrusions 136 in a region I are 5 um, and intervals
between the slits 120a and the protrusions 136 in a region 11
are 35 pm. In this embodiment, there is also no part
corresponding to the transparent insulating film 135 of the
first embodiment, and both cell gaps in the regions I and 11
are 4 um.

[0120] FIG. 27 is a view showing response characteristics
of the liquid crystal display device of this embodiment, with
time on the horizontal axis and with luminance on the
vertical axis. As shown in FIG. 27, in this embodiment, an
overshoot occurs in the region I where the intervals between
the slits 120e and the protrusions 136 are 5 pm, and no
overshoot occurs in the region 1I where the intervals
between the slits 120a and the protrusions 136 are 35 pm.
Consequently, it is possible to make a response time shorter
than that of a conventional one. In addition, an overshoot
rate of an entire picture element is less than or equal to
110%, and occurrence of after image can be avoided.

(Sixth Embodiment)

[0121] FIG. 28 is a plan view showing a liquid crystal
display device of a sixth embodiment of the present inven-
tion. In FIG. 28, the same reference numerals are used to
designate the same components as those in FIG. 14. In FIG.
28, drawings of an auxiliary capacitance bus line, an aux-
iliary capacitance electrode, and the like are omitted.

[0122] In this embodiment, on a picture element electrode
120 on a side of a TFT substrate, bank-shaped protrusions
151 are formed as alignment control structures. On a com-
mon electrode on a side of an opposing substrate, bank-
shaped protrusions 152 are formed as alignment control
structures. These protrusions 151 and 152 are formed in a
matrix pattern. As shown in FIG. 28, an interval between the
protrusion 151 and the protrusion 152 on the right-hand side
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thereof is 15 um; an interval between the protrusion 151 and
a protrusion 152 on the left-hand side thereof is 30 um; an
interval between the protrusion 151 and a protrusion 152 on
the upper side thereof is 30 um; and an interval between the
protrusion 151 and the protrusion 152 on the lower side
thereof is 15 um. These protrusions 151 and 152 are 8 pm
wide and 0.8 pm high.

[0123] As described in the foregoing, alignment of liquid
crystal molecules in the vicinity of an alignment control
structure becomes stable in a short time. In addition, as
shown in FIGS. 4A and 4B, overshoots occur around the
protrusions 151 and 152. On the other hand, it takes time for
liquid crystal molecules in a region away from the alignment
control structure to become stable, and an overshoot does
not occur. In other words, in this embodiment, regions in the
vicinities of the protrusions 151 and 152 are regions I where
an overshoot occurs, and regions away from the protrusions
151 and 152 are regions I where no overshoot occur; and
the intervals between the protrusions 151 and the protrusions
152 are adjusted so that an area ratio (in other words, an
overshoot rate of an entire picture element) of the region I
and the region II is adjusted.

[0124] FIG. 29 is a view showing response characteristics
of the liquid crystal display device of this embodiment with
time on the horizontal axis and with luminance on the
vertical axis. As shown in FIG. 29, in this embodiment, a
region (region I) where an overshoot occurs and a region
(region IT) where no overshoot occurs are formed, and a
response time can be shortened in comparison to that of a
conventional one. In addition, an overshoot rate of an entire
picture element is less than or equal to 110%, and occurrence
of an after image can be avoided.

(Seventh Embodiment)

[0125] In an MVA liquid crystal display device, there
occurs a phenomenon, wherein when a screen is viewed
from an oblique direction, luminance differences between a
red picture element, a green picture element, and a blue
picture element become small, and then the screen becomes
whitish (hereinafter, referred to as wash out). In order to
suppress this phenomenon, it is known to be effective that,
in one picture element, a plurality of regions with T-V
characteristics (transmittance-voltage characteristics) differ-
ent from each other are formed. As described above, when
a plurality of regions with the T-V characteristics different
from each other are formed in one picture element, the T-V
characteristics of the entire picture element becomes a mean
of the T-V characteristics of the respective regions. Accord-
ingly, it becomes possible to suppress the phenomenon,
wherein when the screen is viewed from an oblique direc-
tion, the screen becomes whitish (wash out).

[0126] FIG. 30 is a schematic sectional view showing a
liquid crystal display device of a seventh embodiment of the
present invention. Here, in FIG. 30, the same reference
numerals are used to denote the same components as those
in FIG. 15.

[0127] In this embodiment, a region of one picture ele-
ment is divided into a region 1 where a cell gap is set to 4
um to cause an overshoot to occur, and a region I where a
cell gap is set to 2 um with a transparent insulating film 135
not to cause an overshoot to occur.

[0128] Inthis embodiment, sub picture element electrodes
220¢ and 2205 made of a transparent conductive material
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such as ITO are formed on a second insulating film 119. The
sub picture element electrode 220a is disposed in the region
1, and the sub picture element electrodes 2205 are disposed
in the regions I1. These sub picture element electrodes 220a
and 2205 are electrically separated from each other with slits
221.

[0129] Furthermore, in this embodiment, a wiring 211 and
a control electrode 212 are formed on a first insulating film
113. The control electrode 212 is disposed under the sub
picture element electrode 2205. The wiring 211 allows a
source electrode 1175 of a TFT 117, the control electrode
212, and an auxiliary capacitance electrode 118 to be elec-
trically connected to each other.

[0130] The sub picture element electrode 220q is electri-
cally connected to the auxiliary capacitance electrode 118
and the wiring 211 through a contact hole 219a formed in the
second insulating film 119. The sub picture element elec-
trode 2206 is capacitively coupled to the control electrode
212 through the second insulating film 119.

[0131] In the liquid crystal display device of this embodi-
ment, when the TFT 117 is turned on with a scanning signal
which is provided to gate bus lines 111, a display voltage
(display signal) is supplied from data bus lines to the wiring
211, the control electrode 212, and the auxiliary capacitance
electrode 118 through the TFT 117. To the sub picture
element electrode 220q, a display voltage is applied directly
through the contact hole 219a. On the other hand, to the sub
picture element electrode 2205, a voltage, which is divided
into a capacitance between the control electrode 212 and the
sub picture element electrode 2205, and a capacitance (lig-
uid crystal capacitance) between the sub picture element
electrode 2205 and a common electrode 133, is applied.
Accordingly, a voltage applied to the sub picture element
electrode 2205 is lower than that applied to the sub picture
element electrode 220qa, and it appears that, in one picture
element, there are two regions where T-V characteristics are
different from each other.

[0132] As described above, when there are a plurality of
regions where the T-V characteristics are different from each
other, the T-V characteristics of the entire picture element
becomes a mean of the T-V characteristics of these regions,
whereby it is attainable to suppress the phenomenon wherein
when the screen is viewed from an oblique direction, the
screen becomes whitish (wash out).

[0133] In this embodiment, an effect similar to that of the
first embodiment can be achieved, and, in addition, another
effect is achieved in which gray scale viewing angle char-
acteristics is improved.

[0134] Note that, in this embodiment, the sub picture
element electrode 2205 to which the control electrode 212 is
capacitively coupled is disposed in the region II where no
overshoot occurs. Granted that the control electrode and the
sub picture element electrode capacitively coupled thereto
are disposed in the region I where an overshoot occurs, and
the sub picture element electrode directly connected (con-
nected without a capacitive coupling) to the TFT 117 is
disposed in the region II where no overshoot occurs, lumi-
nance difference between the respective regions becomes
small, and an effect of suppressing wash out becomes small.
Accordingly, as in this embodiment, it is preferred that the
sub picture element electrode directly connected to the TFT
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be disposed in the region I where an overshoot occurs, and
that the control electrode and the sub picture element
electrode capacitively coupled thereto be disposed in the
region II where no overshoot occurs.

[0135] Although, in this embodiment, an example of com-
bining the liquid crystal display device of the first embodi-
ment with a wash out prevention technology is described
above, it is of course possible to combine a liquid crystal
display device of another embodiment with the wash out
prevention technology described above.

(Eighth Embodiment)

[0136] FIGS. 31A and 31B are views showing a change
of a display signal voltage when a display is changed from
a black display to a white display (or a halftone display),
with time on the horizontal axis and with voltage on the
vertical axis. Here, in these figures, frames up to the (n-1)
th frame are in a case of black displays, and the n th frame
and the frames subsequent thereto are in cases of white
displays. Here, n is an arbitrary integer.

[0137] In general, when the display is changed from the
black display to the white display (or the halftone display),
a white display voltage (or a halftone display voltage) is
applied in the n th frame as shown in FIG. 31A. When the
driving method in the above manner is applied to a liquid
crystal display device of the first to the seventh embodi-
ments, it is conceivable that luminance becomes higher than
the desired luminance for overshoot. In such a case, as
shown in FIG. 31B, in the n th frame, a white display
voltage (or a halftone display voltage) is supplied to data bus
lines; in the (n+1) th frame, a voltage slightly lower than the
white display voltage (or the halftone display voltage) is
supplied thereto; and, in the (n+2) th frame and in the frames
subsequent thereto, the white display voltage (or the half-
tone display voltage) is supplied. Thus, the maximum lumi-
nance in response is adjusted, and the luminance can be
prevented from becoming excessively high.

(Ninth Embodiment)

[0138] As described above, in order to cause an overshoot
to occur in response characteristics of an entire picture
element, it is necessary that alignment of liquid crystal
molecules in the region 1T where no overshoot occurs
becomes stable in a short time (refer to FIGS. 5 and 6).
Although the alignment of the liquid crystal molecules in the
vicinities of the alignment control structures becomes stable
in a short time, the alignment of liquid crystal molecules
away from the alignment control structures needs a rela-
tively long time to become stable. Making intervals between
the alignment control structures small may be conceived in
order for the alignment of liquid crystal molecules in the
region II to become stable in a short time. However, in that
case, a problem arises that an aperture ratio decreases so that
the screen becomes dark.

[0139] Thus, in this embodiment, by performing an align-
ment process for determining in advance an alignment
direction of liquid crystal molecules, time which the align-
ment of the liquid crystal molecules becomes stable is
shortened, and thereby it is secured to cause an overshoot to
occur in response characteristics of the entire picture ele-
ment.
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[0140] FIG. 32 is a plan view showing a liquid crystal
display device of a ninth embodiment of the present inven-
tion, and FIG. 33 is a schematic sectional view showing the
same.

[0141] As shown in FIG. 33, a liquid crystal panel 300
includes a TFT substrate 310, an opposing substrate 330, and
a liquid crystal layer 340. The liquid crystal layer 340 is
formed of liquid crystals with negative dielectric anisotropy,
and the liquid crystals are sealed between the TFT substrate
310 and the opposing substrate 330. Additionally, in the
liquid crystal layer 340, polymer, which determines the
alignment direction of the liquid crystal molecules, is
formed. As described later, this polymer is formed by
polymerizing polymer constituents (monomer or oligomer)
added in the liquid crystals.

[0142] Besides the method of forming the polymer in the
liquid crystal layer as described above, in terms of an
alignment process so as to determine an alignment direction
of liquid crystal molecules, there are known methods such as
a method of performing a rubbing process on an alignment
film, and a method of irradiating an alignment film with
ultraviolet rays from a predetermined direction. In the
present invention, any one of the alignment processes may
also be adopted instead of the forming of polymer in a liquid
crystal layer.

[0143] Polarizing plates (not illustrated) are placed,
respectively, on a front side (on an observer’s side; on an
upper side in FIG. 33) of the liquid crystal panel 300 and on
a back side (on a lower side in FIG. 33) thereof, and further
a backlight (not illustrated) is placed on the back side
thereof. One polarizing plate is disposed such that its absorp-
tion axis coincides with X-axis shown in FIG. 32, and the
other polarizing plate is disposed such that its absorption
axis coincides with Y-axis.

[0144] As shown in FIG. 32, on a glass substrate 3104 to
be a base of the TFT substrate 310, a plurality of gate bus
lines 311 extending in a horizontal direction (in the X-axis
direction) and a plurality of data bus lines 315 extending in
a vertical direction (in the Y-axis direction) are formed. The
gate bus lines 311 are placed in the vertical direction at
intervals of, for example, approximately 300 pm, and the
data bus lines 315 are placed in the horizontal direction at
intervals of, for example, approximately 100 um. Rectan-
gular regions divided by these gate bus lines 311 and data
bus lines 315 are picture element regions, respectively. On
the TFT substrate 310, auxiliary capacitance bus lines 312,
which are placed in parallel to the gate bus lines 311 and
which cross the picture element regions in the middle
thereof, are formed.

[0145] On the TFT substrate 310, a TFT 317, an auxiliary
capacitance electrode 318, and a picture element electrode
320 are formed in each picture element region. For the TFT
317, one portion of the gate bus lines 311 works as a gate
electrode. As shown in FIG. 33, a semiconductor film 314a,
which is an active layer for the TFT 317, and a channel
protection film 3144 are formed over the above described
gate electrode; and a drain electrode 317a and a source
electrode 3175 are placed on both sides of the semiconduc-
tor film 314a to face each other. The drain electrode 3174 is
connected to the data bus line 315.

[0146] In addition, the auxiliary capacitance electrode 318
is formed at a position facing the auxiliary capacitance bus
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line 312 with a first insulating film 313 interposed therebe-
tween. This auxiliary capacitance electrode 318, the auxil-
iary capacitance bus line 312, and the first insulting film 313
interposed therebetween form an auxiliary capacitance Cs.
In this embodiment, a capacitance value of the auxiliary
capacitance Cs is set to, for example, that of a liquid crystal
capacitance C; . at the time when no voltage is applied.

[0147] A picture element electrode 320 is formed of a
transparent conductive material such as 1TO. Slits 320q,
extending in an oblique direction with respect to the Y-axis
direction, are provided in the picture element electrode 320
as alignment control structures. The slits 320a are formed
approximately symmetrically on upper and lower sides with
respect to a center line of the auxiliary capacitance bus line
312.

[0148] A second insulating film 319 is formed between the
data bus lines 315, the TFT 317, and the auxiliary capaci-
tance electrode 318, and the picture element electrode 320,
and the picture element electrode 320 is electrically con-
nected to the source electrode 3175 and the auxiliary capaci-
tance electrode 318 through contact holes 3194 and 3195
formed in the second insulating film 319. A surface of the
picture element electrode 320 is covered with a vertical
alignment film (not illustrated) formed of, for example, a
polyimide manufactured by JSR Corporation.

[0149] On the other hand, over (in FIG. 33, under) a glass
substrate 330 which is a base for the opposing substrate
330, a black matrix (light blocking film) 331, a color filter
332, a common electrode 333, and bank-shaped protrusions
336 which are alignment control structures are formed. The
black matrix 331 is formed with metal such as chromium
(Cr), or black resin, and is placed at a position facing the gate
bus lines 311, the data bus lines 315, and the TFT 317 on a
side of the TFT substrate 310. There are color filters of three
different colors, red (R), green (G), and blue (B). A color
filter of any one color among red, green, and blue is placed
in each picture element. The common electrode 333 is
formed of a transparent conductive material such as 1TO,
and is formed on (in FIG. 33, below) the color filter 332.
The bank-shaped protrusions 336 are formed with a dielec-
tric material such as resin (for example, a resist material
manufactured by Shipley Company, LLC). As shown in
FIG. 32, these protrusions 336 are formed in parallel to the
slits 320a in regions between the slits 320a of the picture
element electrode 320. Surfaces of the common electrode
333 and the protrusions 336 are covered with a vertical
alignment film (not illustrated) formed of, for example, a
polyimide manufactured by JSR Corporation.

[0150] Hereinafter, a method of manufacturing the liquid
crystal display device of this embodiment is described.

[0151] The TFT substrate 310 and the opposing substrate
330 are formed by the same method as a conventional one.
Then, the TFT substrate 310 and the opposing substrate 330
are disposed to face each other with a spacer (not illustrated)
interposed therebetween, and the liquid crystal panel 300 is
formed by sealing liquid crystals with negative dielectric
anisotropy between the TFT substrate 310 and the opposing
substrate 330. At this time, in the liquid crystals, polymer
constituents such as acrylate monomer are added in advance
as polymer constituents.

[0152] Next, a predetermined voltage is applied to the gate
bus lines 311, and thereby the TFT 317 of each picture
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elements is turned on; and furthermore a voltage is applied
to the data bus lines 315, and liquid crystal molecules are
aligned to a predetermined direction which can be deter-
mined with the alignment control structures (slits 320a and
protrusions 336). After the alignment state of the liquid
crystal molecules becomes stable, ultraviolet rays are irra-
diated, the polymer constituents are polymerized, and poly-
mer, which determines the alignment direction of liquid
crystal molecules at a time when a voltage is applied, is
formed.

[0153] Incidentally, thermosetting polymer constituents
may be used instead of light-curing (including ultraviolet
rays) polymer constituents. As describe above, instead of
forming the polymer in the liquid crystal layer, an alignment
process in determining the alignment direction of liquid
crystal molecules may be performed using a method of
performing a rubbing process on an alignment film, or a
method of irradiating an alignment film with ultraviolet rays
from a predetermined direction.

[0154] Subsequently, polarizing plates are joined to both
sides of the liquid crystal panel 300, and, in addition, a
driving circuit, a backlight, and the like are also installed. In
this way, the liquid crystal display device of this embodi-
ment is fabricated.

[0155] Following descriptions are about actual manufac-
turing of liquid crystal display devices of this embodiment,
and about measured results on response characteristics (rise
time tr) of the liquid crystal display devices.

[0156] As Example 1, a liquid crystal display device
having polymer, which determines an alignment direction of
liquid crystal molecules, in a liquid crystal layer, was
manufactured. When liquid crystals are sealed between a
TFT substrate and an opposing substrate, 1 wt % of ultra-
violet-curing type acrylate monomer is added in the liquid
crystals in advance. The liquid crystals are sealed between
the TFT substrate and the opposing substrate, and, thereafter,
a voltage is applied between a picture element electrode and
a common electrode. After an alignment of liquid crystal
molecules is determined, ultraviolet rays are irradiated with
20 joule energy, and polymer is formed in a liquid crystal
layer.

[0157] Furthermore, as Example 2, a liquid crystal display
device in which a rubbing process is performed on the
surface of an alignment film was manufactured. A rubbing
direction is perpendicular to a direction in which protrusions
and slits are extended.

[0158] As Comparative Example, a liquid crystal display
device which has the same configuration as that of the first
embodiment, except no polymer is contained in a liquid
crystal layer, was manufactured. Note that the liquid crystal
display devices of Examples 1, and 2, and of Comparative
Example respectively have the structures shown in FIGS. 32
and 33. Aslit is 10 pm wide; a protrusion is 1.4 um high and
12 um wide; an interval between the protrusions and the slits
is 25 pm; and a cell gap is 3.8 pm. For liquid crystals, liquid
crystals with negative dielectric anisotropy (Ae=-3.8,
An=0.09, NI point=70 degrees Celsius) manufactured by
Merck Ltd were used. A capacitance value of an auxiliary
capacitance Cs is set to one time as much as the capacitance
of one picture element at a time when the power is off.
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[0159] Overshoot rates and rise times of the Examples 1
and 2, and of Comparative Example were measured, and
their results are tabulated as in Table 1 below.

TABLE 1
Overshoot Rise Time
Rate (tr)
Example 1 5% 8 ms
Example 2 3% 10 ms
Comparative Example 1% 14 ms

[0160] As shown in Table 1, in the liquid crystal display
device of the comparative Example, the overshoot rarely
occurred, and the rise time was 14 ms. In contrast, in the
liquid crystal display device of Example 1 in which polymer
was formed in the liquid crystal layer, the overshoot rate was
5%, and the rise time was shortened to 8 ms. In the liquid
crystal display device of Example 2 in which the rubbing
process was performed on the alignment film, the overshoot
rate was 3%, and the rise time was shortened to 10 ms. From
these results, it was confirmed that this embodiment was
effective in improving response characteristics.

[0161] Note that, in the liquid crystal display devices of
the first to the eighth embodiments, it is of course possible
to apply the alignment process described in this embodi-
ment. Hence, adjustment of the overshoot rate can be easier.

[0162] There have been developed technologies for
improving visibility of moving images by combining a
high-speed response liquid crystal panel with a blinking
backlight in which, at a certain cycle, an entire surface of a
screen blinks at once or the surface thereof partially blinks
one by one, or by inserting black color (or low gray scale)
for a certain period of time for every one frame. By applying
these technologies to the liquid crystal display devices of the
first to the ninth embodiments, the display capability of
moving images can be further improved.

What is claimed is:

1. Aliquid crystal display device including a first substrate
on which a picture element electrode is disposed in every
picture element, a second substrate on which a common
electrode is disposed and which is placed to face the first
substrate, and liquid crystals which are sealed between the
first substrate and the second substrate, comprising:

a first region in which, when a voltage applied to the
picture element electrode changes from a first voltage
to a second voltage, luminance increases up to a
maximum point along with a change of an alignment
state of liquid crystal molecules, and, thereafter,
decreases down to a point at a stable time correspond-
ing to the second voltage; and

a second region in which the luminance increases along
with a change of the alignment state of the liquid crystal
molecules, and comes to a point at the stable time
corresponding to the second voltage,

wherein a maximum luminance value over the entire
picture element is not greater than 110% of the lumi-
nance at the stable time corresponding to the second
voltage.
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2. The liquid crystal display device according to claim 1,
wherein a cell gap of the first region is larger than that of the
second region.

3. The liquid crystal display device according to claim 1,
wherein alignment control structures for determining an
alignment direction of liquid crystal molecules are formed
on at least one of the first substrate and the second substrate.

4. The liquid crystal display device according to claim 3,
wherein the alignment control structures are slits provided to
at least one of the picture element electrode and the common
electrode, and width of a slit in the first region is narrower
than that of a slit in the second region.

5. The liquid crystal display device according to claim 3,
wherein the alignment control structures are protrusions
formed of a dielectric material, and height of a protrusion in
the first region is lower than that of a protrusion in the
second region.

6. The liquid crystal display device according to claim 3,
wherein an interval between the alignment control structures
in the first region is smaller than that between the alignment
control structures in the second region.

7. The liquid crystal display device according to claim 3,
wherein protrusions made of a dielectric material are formed
in a matrix pattern on the first substrate and the second
substrate as the alignment control structures, and one picture
element is divided into a plurality of regions by the protru-
sions in the matrix pattern, the plurality of regions being
different in size from each other.
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8. The liquid crystal display device according to claim 1,
wherein the picture element electrode is constituted by a
plurality of sub picture element electrodes electrically sepa-
rated from each other, and voltages applied to the respective
sub picture element electrodes are different from each other.

9. The liquid crystal display device according to claim 8,
wherein a voltage is applied through a capacitive coupling to
at least one of the plurality of sub picture element electrodes.

10. The liquid crystal display device according to claim 1,
wherein the liquid crystals are of negative dielectric anisot-
ropy.

11. The liquid crystal display device according to claim 1,
wherein polymer which determines an alignment direction
of the liquid crystal molecules is formed by polymerizing
polymer constituents which are added into the liquid crystals
in advance.

12. The liquid crystal display device according to claim 1,
wherein an alignment film on which a rubbing process is
performed is formed on the first substrate and the second
substrate.

13. The liquid crystal display device according to claim 1,
wherein an alignment process in which ultraviolet rays are
irradiated from an oblique direction is performed on surfaces
of the first substrate and the second substrate.
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