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FIG. 2
(PRIOR ART)
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FIG. 5
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SAMPLE 1
STEP VOLTAGE HOLDING TIME | o0 -
1 Vs AC17V 30sec -
2 Vs | AC17V - ON
SAMPLE 2
STEP VOLTAGE HOLDING TIME | jrascirion
1 V1 AC2V 30sec -
2 Vs AC17V 30sec -
3 Vs | AC17V - ON
SAMPLE 3
STEP VOLTAGE HOLDING TIME | jopatiaTion
1 Vi AC2V 30sec -
2 V2 AC2. 5V 30sec -
3 Vs AC17V 30sec -
4 Vs | AC17V - ON
SAMPLE 4
STEP VOLTAGE HOLDING TIME | jraatirion
1 V1 AC2V 30sec -
2 Vz | AC2. 5V 30sec -
3 Vs | AC3. 2V 30sec- -
4 Vs AC17V 30sec -
5 Vs AC17V - ON
SAMPLE 5
STEP VOLTAGE HOLDING TIME | \op S
1 Vi AC2V 30sec -
2 Vo AC2. 5V 30sec -
3 Va | AC2. 8V 30sec -
4 Va | AC3. 2V 30sec -
5 Vs AC17V 30sec -
6 Vs | AC17V - ON
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FIG. 12

EVALUATION
SAMPLE 1 X
SAMPLE 2 x
SAMPLE 3 x
SAMPLE 4 A
SAMPLE 5 O

FIG. 13

STEP VOLTAGE | SAMPLE 6 | SAMPLE 7 | SAMPLE 8 | SAMPLE 9 | SAMPLE 10 | jo0, i o
1 Vi AC2V | 0. bsec | Z2Zsec 10sec | 30sec | 60sec -
2 Vz |AC2. 8V | 0. Bsec | 2sec 10sec | 30sec | 60sec -
3 V3 |AC2. 8V | 0. Ssec| 2Zsec 10sec | 30sec | 60sec -
4 Va [ AC3. 2V} 0. Bsec | 2sec 10sec | 30sec | 60sec -
5 Vs | AC17V | 0. S5sec |- 2sec 10sec | 30sec | 60sec -
8 Vs | AC17V - - - - - ON
EVALUATION X O 0O O | A -

FIG. 14
STEP VOLTAGE | SAMPLE!1 | SAMPLE 12 | SAMPLE 13 | SAMPLE 14 | SAMPLE 15 | oo tirion

Vi1 DC2V | 0. 5sec| 2sec 10sec | 30sec | 60sec -
V2 |DC2. 8V} 0. bsec | 2sec 10sec | 30sec | 60sec -
V3 |DC2. 8V | 0. Bsec| 2Zsec 10sec | 30sec | 60sec -
Va |DC3. 2V 0. 5sec | 2sec 10sec | 30sec | 60sec -
Vs | DC17V | 0. 5sec| 2sec 10sec | 30sec | 60sec —
| Vs | DC17V - - - - - ON
EVALUATION X O @) A A -
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FIG. 15A

FIG. 15B




Patent Application Publication  Sep. 22,2011 Sheet 130f13  US 2011/0228209 A1

FIG. 16

117 117

1186 1 1180 118
”g ' v 118a




US 2011/0228209 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2005-023869 filed on Jan.
31,2005, 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 an MVA (Multi-
domain Vertical Alignment) mode liquid crystal display
device and a method of manufacturing the MVA mode liquid
crystal display device. The present invention relates particu-
larly to a liquid crystal display device in which polymers for
determining directions in which liquid crystal molecules tilt
are formed in a liquid crystal layer, and to a method of manu-
facturing the same.

[0004] 2. Description of the Prior Art

[0005] In general, a liquid crystal display device is config-
ured of a liquid crystal panel and polarizing plates. The liquid
crystal panel is fabricated to contain liquid crystal between
two substrates. The polarizing plates are arranged respec-
tively in the two sides of the liquid crystal panel. A picture
element electrode is formed in each of picture elements in one
substrate of the liquid crystal panel. A common electrode
used commonly for the picture elements is formed in the other
substrate of the liquid crystal panel. When voltage is applied
between the picture element electrode and the common elec-
trode, alignment orientations of liquid crystal molecules
change depending on the voltage. As a result, this changes an
amount of light which passes through the liquid crystal panel
and the polarizing plates arranged respectively on the two
sides of the liquid crystal panel. Control of the applied voltage
for each of the picture elements makes it possible to display a
desired image to be displayed on the liquid crystal display
device.

[0006] With regard to a TN (Twisted Nematic) mode liquid
crystal display device which has been heretofore used widely,
liquid crystal with positive dielectric anisotropy is used, and
the liquid crystal molecules are twisted and aligned between
the two substrates. However, the TN mode liquid crystal
display device has a disadvantage of having insufficient view-
ing angle characteristics. In other words, with regard to the
TN mode liquid crystal display device, tone and contrast are
extremely deteriorated when the liquid crystal panel is
viewed in an oblique direction. Accordingly, the contrast is
reversed in extreme cases.

[0007] An IPS (In-Plane Switching) mode liquid crystal
display device and an MVA (Multi-domain Vertical Align-
ment) mode liquid crystal display device have been known as
liquid crystal display devices which are good at viewing angle
characteristics. In the case of the IPS mode liquid crystal
display device, picture element electrodes shaped each like a
line and common electrodes each shaped like a line are
arranged alternately in one of the two substrates. If voltage is
applied between the picture element electrodes and the com-
mon electrodes, orientations respectively of the liquid crystal
molecules change in a plane parallel with the surface of the
substrate depending on the voltage.
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[0008] Although, however, the IPS mode liquid crystal dis-
play device is good at viewing angle characteristics, the oti-
entations respectively of the liquid crystal molecules over the
picture element electrodes and the common electrodes cannot
be controlled. That is because the voltage is applied in a
direction parallel with the surface of the substrate. This brings
about a disadvantage that the substantial aperture ratio of the
IPS mode liquid crystal display device is low, and that the
screen is accordingly dark if a powerful backlight is not used.
[0009] Inthe case of the MVA mode liquid crystal display
device, picture element electrodes are formed in one of the
two substrates, and a common electrode is formed in the other
of the two substrates. In addition, with regard to a generally-
used MVA mode liquid crystal display device, bank-shaped
protrusions made of a dielectric material extending in oblique
directions are formed on the common electrode. Each of the
picture element electrodes is provided with slits parallel with
the protrusions.

[0010] In the case of the MVA mode liquid crystal display
device, while no voltage is being applied, the liquid crystal
molecules are aligned in direction perpendicular to the sub-
strates. When voltage is applied between the picture element
electrode and the common electrode, the liquid crystal mol-
ecules are aligned to tilt at an angle corresponding to the
voltage. At this time, a plurality of domains are formed in
each of the picture element by the slits provided in the picture
element electrode and bank-shaped protrusions. The direc-
tions in which the liquid crystal molecules tilt vary from one
domain to another. Formation of the plurality of domains in
each of the picture elements where the directions in which the
liquid crystal molecules tilt vary from one domain to another
makes it possible to obtain good viewing angle characteris-
tics.

[0011] Inthe case ofthe aforementioned MVA mode liquid
crystal display device, however, the slits and the protrusions
decrease the substantial aperture ratio. Accordingly, the sub-
stantial aperture ratio of the MVA mode liquid crystal display
device is lower than that of the TN mode liquid crystal display
device, although the substantial aperture ratio of the MVA
mode liquid crystal display device is not so low as that of the
IPS mode liquid crystal display device. For this reason, the
MVA mode liquid crystal display device needs a powerful
backlight. As a result, this kind of MVA mode liquid crystal
display device has hardly been adopted for a notebook per-
sonal computer, which requires power consumption to be
lower.

[0012] Japanese Patent Laid-open Official Gazette No.
2003-149647 has disclosed an MVA mode liquid crystal dis-
play device which was developed in order to solve the afore-
mentioned problems. FIG. 1is a plan view showing the MVA
mode liquid crystal display device. Incidentally, FIG. 1 shows
two picture element regions.

[0013] A plurality of gate bus lines 11 extending in the
horizontal direction (X-axis direction) and a plurality of data
bus lines 12 extending in the vertical direction (Y-axis direc-
tion) are formed on one of the two substrates constituting a
liquid crystal panel. Insulating films (gate insulating films)
are formed between a group of gate bus lines 11 and a group
of data bus lines 12. The insulating films electrically isolate
the group of gate bus lines 11 from the group of data bus lines
12. Each of the rectangular areas defined by the gate bus lines
11 and the data bus lines 12 is a picture element region.
[0014] ATFT (thin film transistor) 14 and a picture element
electrode 15 are formed in each picture element region. As
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shown in FIG. 1, the TFT 14 uses a part of the gate bus line 11
as a gate electrode. A semiconductor film (not illustrated)
which functions as an activation layer of the TFT 14 is formed
over the gate electrode. In addition, a drain electrode 14a and
a source electrode 145 are connected respectively to the two
sides of this semiconductor film in the Y-axis direction. The
source electrode 145 of the TFT 14 is electrically connected
to the data bus line 12, and the drain electrode 14aq is electri-
cally connected to the picture element electrode 15.

[0015] Inthis patent application, it should be noted that, out
of the two electrodes connected to the semiconductor film
which functions as the activation layer of the TFT, one elec-
trode connected to the data bus line is termed as a source
electrode, and the other electrode connected to the picture
element electrode is termed as a drain electrode.

[0016] The picture element electrode 15 is formed, for
example, of a transparent conductive material such as ITO
(Indium-Tin Oxide). Slits 15a are formed in this picture ele-
ment electrode 15 in order to cause liquid crystal molecules to
be aligned in four directions when voltage is applied. In other
words, the picture element electrode 15 is divided into four
domain controlling regions with the center line in parallel
with the X-axis and the center line in parallel with the Y-axis
defined as boundaries. A plurality of slits 154 extending in a
direction at an angle of approximately 45 degrees to the X
axis are formed in a first region (upper right region). A plu-
rality of slits 154 extending in a direction at an angle of
approximately 135 degrees to the X axis are formed in a
second region (upper left region). A plurality of slits 15«
extending in a direction at an angle of approximately 225
degrees to the X axis are formed in a third region (lower left
region). A plurality of slits 15¢ extending in a direction at an
angle of approximately 315 degrees to the X axis are formed
in a fourth region (lower right region). A vertical alignment
film (not illustrated) made of polyimide is formed on the
picture element electrode 15.

[0017] Black matrices, color filters and a common elec-
trode are formed in the other substrate. The black matrices are
made, for example, of a metal such as Cr (chromium), or of a
black resin. The black matrices are arranged respectively in
positions, which are opposite to the gate bus lines 11, the data
bus lines 12 and the TFTs 14. The color filters are classified
into three types, such as red, green and blue. Any one of the
three types of color filters is arranged in each of the picture
elements. The common electrode is made of a transparent
conductive material such as ITO, and is formed on the color
filters. A vertical alignment film made of polyimide is formed
on the common electrode.

[0018] A liquid crystal panel is constituted in the following
manner. These two substrates are arranged opposite to each
other with spacers (not illustrated) interposed between the
two substrates. Liquid crystal with negative dielectric anisot-
ropy 1s filled in the space between the two substrates. Here-
inafter, out of the two substrates constituting the liquid crystal
panel, one substrate on which TFTs are formed will be termed
as a TFT substrate, and the other substrate which is arranged
opposite to the TFT substrate will be termed as an opposing
substrate.

[0019] In the case of the MVA mode liquid crystal display
device shown in FIG. 1, while no voltage is being applied to
the picture element electrode 15, the liquid crystal molecules
are aligned virtually perpendicularly to the surface of the
substrate. While voltage is being applied to the picture ele-
ment electrode 15, the liquid crystal molecules 10 tilt in
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directions in which the respective slits 15a extend as sche-
matically shown in FIG. 1. Accordingly, four domains are
formed in each picture element where the directions in which
the liquid crystal molecules 10 tilt vary from one domain to
another. This secures good viewing angle characteristics.

[0020] Changing the subject, in the case of the MVA mode
liquid crystal display device shown in FIG. 1, it remains not to
be determined whether the liquid crystal molecules 10 tilt
inwards (in directions towards the center of the picture ele-
ment) or outwards (in directions towards the outsides of the
picture element), immediately after voltage is applied to the
picture element electrode 15. First of all, the electric field
generated from edges of the picture element electrode 15
determines that the liquid crystal molecules 10 in the edges of
the picture element electrode 15 (near the data bus line 12) tilt
inwards. Subsequently, directions in which the liquid crystal
molecules 10 tilt propagate towards the center of the picture
element. Accordingly, it takes a long time for all the liquid
crystal molecules 10 in a picture element to complete tilting in
predetermined directions. This brings about a problem that
the response time is long.

[0021] Japanese Patent Laid-open Official Gazette No.
2003-149647, which has been mentioned above, disclosed
that a liquid crystal display device is fabricated in the follow-
ing manner. First, liquid crystal to which polymerizable com-
ponents (monomers) are added is filled into the space
between the pair of substrates. Then, voltage is applied
between the picture element electrode and the common elec-
trode, thereby causing the resultant liquid crystal to tilt in
predetermined directions. Thereafter, beams of ultraviolet
light are irradiated on the resultant liquid crystal, and thereby
the polymerizable components are polymerized. By this,
polymers are made in the liquid crystal layer. In the case of the
liquid crystal display device thus manufactured, the polymers
in the liquid crystal layer determine directions in which the
liquid crystal molecules tilt. For this reason, no sooner is
voltage applied between the picture element electrode and the
common electrode than all of the liquid crystal molecules in
the picture element start to tilt in predetermined directions.
Accordingly, the response time is reduced to an extreme
extent.

[0022] In the process of manufacturing liquid crystal dis-
play devices shown in FIG. 1, when polymerizable compo-
nents added to liquid crystal are polymerized, a voltage (for
example, 20V) higher than a voltage (usually, approximately
410 6 V) which is applied between picture element electrodes
and common electrodes while the liquid crystal display
devices are being actually used has heretofore been applied
between the picture element electrodes and the common elec-
trodes. That is because the work efficiency is attempted to be
enhanced by shortening time needed for liquid crystal mol-
ecules to complete tilting in predetermined directions.
Through experiments and studies, however, the present appli-
cants have made the following findings. If a higher voltage is
applied to the liquid crystal quickly, liquid crystal molecules
which are going to tilt in directions different from one another
are present in a single domain controlling region at a time.
Accordingly, this causes disturbance of the alignment (what
is termed as “disclination”). If the polymers are formed by
irradiating beams of ultraviolet light on the liquid crystal
molecules while the liquid crystal molecules are being in this
condition, the liquid crystal molecules are disturbed, too,
while the liquid crystal display device is being actually used.
This presents a cause of deteriorating the display quality.
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[0023] 1In addition, a further enhancement in the display
quality has been expected for liquid crystal display devices in
recent years. In general, in the case of a vertical alignment
(VA) mode liquid crystal display device, it has been known
that a T-V characteristic (transmittance-applied voltage char-
acteristic) to be observed when a liquid crystal display device
is viewed from the front is different from that to be observed
when the liquid crystal display device is viewed in an oblique
direction. The MVA mode liquid crystal display devices also
have a similar defect. FIG. 2 is a diagram showing a T-V
characteristic to be observed when an MVA mode liquid
crystal display device is viewed from the front, and a T-V
characteristic to be observed when the MVA mode liquid
crystal display device is viewed in a direction at an azimuth
angle of 90 degrees and at a polar angle of 60 degrees (in a
direction downwards diagonally). Incidentally, in FIG. 2, the
axis of abscissa represents 256 gray scales into which the
gradation from black to white is divided. Each of the gray
scales corresponds to a voltage applied to a picture element
electrode. The larger a value on the gray scale is, the higher
the voltage applied to the picture element electrode is. Fur-
thermore, in FIG. 2, a transmittance is denominated in a value
(T/Twhite) relative to the transmittance (Twhite) which is
defined as 1 (one) while white is being displayed.

[0024] As understood from FIG. 2, in the case of the con-
ventional MVA mode liquid crystal display device, the T-V
characteristic to be observed when the liquid crystal display
device is viewed from the front is much different from that to
be observed when the liquid crystal display device is viewed
in the oblique direction. For this reason, the conventional
MVA mode liquid crystal display device has a disadvantage
that the display quality is deteriorated when viewed in an
oblique direction although a preferable display quality can be
obtained when viewed from the front. In particular, as under-
stood from FIG. 2, in the case of the conventional MVA mode
liquid crystal display device, the line representing the T-V
characteristic to be observed when the liquid crystal display
device is viewed in the oblique direction undulates to a large
extent in comparison with the line representing the T-V char-
acteristic to be observed when the liquid crystal display
device is viewed from the front. Accordingly, when middle
gray-scales are displayed, the difference in brightness
becomes smaller between the viewing from the front and the
viewing in the oblique direction. For this reason, a phenom-
enon occurs in which an image to be viewed in the oblique
direction looks whitish (washes out) in comparison with an
image to be viewed from the front, thus causing the display
quality to be deteriorated. Moreover, an anisotropy in terms of
a refractive index of liquid crystal has wavelength depen-
dency. For this reason, it is likely that color to be seen when
the conventional MVA mode liquid crystal display device is
viewed from the front may be different from that to be seen
when the conventional MVA mode liquid crystal display
device is viewed in an oblique direction in some cases.

SUMMARY OF THE INVENTION

[0025] With the aforementioned matters taken into consid-
eration, an object of the present invention is to provide a
method of manufacturing an MVA mode liquid crystal dis-
play device whose substantial aperture ratio is so high as to be
applicable to a notebook personal computer, and which is far
better at display quality, the method being capable of prevent-
ing alignment of liquid crystal molecules from being dis-
turbed while polymers are being formed.
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[0026] Inaddition, anotherobjectofthe present invention is
to provide an MVA mode liquid crystal display device whose
substantial aperture ratio is so high as to be applicable to a
notebook personal computer, and which is far better at display
quality.

[0027] The aforementioned problems are solved by a
method of manufacturing a liquid crystal display device
including, in a single picture element, a plurality of sub-
picture-element regions whose transmittance-applied voltage
characteristics are different from one another. The method is
characterized by including the following steps. In a first step,
liquid crystal, to which polymerizable components are added,
is filled in the space between a first substrate and a second
substrate. In a second step, voltages slightly higher than
threshold voltages respectively of transmittance-applied volt-
age characteristics of the plurality of sub-picture-element
regions are applied to the liquid crystal in a step-by-step basis
in the ascending order of the voltages, and thereafter the
polymerizable components are polymerized while a far
higher voltage is being applied to the liquid crystal.

[0028] Forexample, in accordance with a method of manu-
facturing a liquid crystal display device including a first sub-
picture-element region and a second sub-picture-element
region in a single picture element, a liquid crystal display
device is manufactured. In the first sub-picture-element
region, a threshold voltage of the transmittance-applied volt-
age characteristic is Vth1. In the second sub-picture-element
regions, a threshold voltage of the transmittance-applied volt-
age characteristic is Vth2 (incidentally, Vth2>Vthl). In this
case, the liquid crystal display device is manufactured
through performing the following steps. In a first step, liquid
crystal, to which polymerizable components are added, is
filled in the space between a first substrate and a second
substrate. In a second step, a voltage V1 (incidentally,
Vth1<V1<Vth2) higher than the threshold voltage Vthl is
applied to the liquid crystal, and the voltage V1 is held. In a
third step, a voltage V2 higher than the threshold voltage Vth2
is applied to the liquid crystal, and the voltage V2 is held. In
a fourth step, polymers are formed by mean of polymerizing
the polymerizable components contained in the liquid crystal
while applying a voltage V3 higher than the voltage V2 to the
liquid crystal.

[0029] Inthe case of the present invention, while the poly-
mers are being formed, voltages slightly higher than the
threshold voltages respectively of the transmittance-applied
voltage characteristics of the plurality of sub-picture-element
regions are applied to the liquid crystal in a step-by-step basis
in the ascending order of the voltages. This makes it possible
to form the polymers while inhibiting alignment of the liquid
crystal molecules from being disturbed, and to accordingly
manufacture liquid crystal display devices which are good at
display quality.

[0030] It is desirable that a sub-picture-element electrode
arranged in at least one sub-picture-element region out of the
plurality of sub-picture-element regions in the single picture
element be connected directly (in other words, through no
capacitive coupling) to a switching element such as a TFT,
and that the other sub-picture-element electrodes be con-
nected to the switching element through the respective
capacitive couplings.

[0031] The aforementioned problems are solved by yet
another method of manufacturing a liquid crystal display
device including a first sub-picture-element region and a sec-
ond sub-picture element region in a single picture element. In
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the first sub-picture-element region, a threshold voltage of the
transmittance-applied voltage characteristic is Vthl. In the
second sub-picture-element regions, a threshold voltage of
the transmittance-applied voltage characteristic is Vth2 (inci-
dentally, Vth2>Vth1). The method is characterized by includ-
ing the following steps. In a first step, liquid crystal, to which
polymerizable polymers are added, is filled in the space
between a first substrate and a second substrate. In a second
step, a first voltage V1 lower than the threshold voltage Vthl
is applied to the liquid crystal, and the first voltage V1 is held.
In a third step, a second voltage V2, which is higher than the
threshold voltage Vth1, and which is lower than the threshold
voltage Vth2, is applied to the liquid crystal, and the second
voltage V2 is held. In a fourth step, a third voltage V3, which
is higher than the second voltage V2, and which is lower than
the threshold voltage Vth2, is applied to the liquid crystal, and
the third voltage V3 is held. In a fifth step, a fourth voltage V4,
which is higher than the threshold voltage Vth2 is applied to
the liquid crystal, and the fourth voltage V4 is held. In a sixth
step, polymers are formed by means of polymerizing the
polymerizable components contained in the liquid crystal
while the fourth voltage V4 or a fifth voltage V5 which is
higher than the fourth voltage V4 is being applied to the liquid
crystal.

[0032] In the case of the present invention, the first voltage
V1, the second voltage V2, the third voltage V3 and the fourth
voltage V4 are sequentially applied to the liquid crystal layer.
The first voltage V1 is lower than the threshold voltage Vth1.
The second voltage V2 is between the threshold voltage Vthl
and the threshold voltage Vth2. The third voltage V3 is
between the second voltage V2 and the threshold voltage
Vth2. The fourth voltage V4 is higher than the threshold
voltage Vth2. This makes it possible to form a monomer while
inhibiting alignment of the liquid crystal molecules from
being disturbed, and to accordingly manufacture liquid crys-
tal display devices which are good at display quality.

[0033] Theaforementioned problems are solved by a liquid
crystal display device including, in a single picture element, a
plurality of sub-picture-element regions whose transmit-
tance-applied voltage characteristics are different from one
another. The liquid crystal display device is characterized by
including, a first and a second substrates, a liquid crystal
layer, polymers and a spacer. The first and the second sub-
strates are arranged opposite to each other. The liquid crystal
layer is made of liquid crystal filled in the space between the
first and the second substrates. The polymers are formed in
the liquid crystal layer, and determine alignment orientations
of the liquid crystal molecules while voltage is being applied
thereto. The spacer is arranged in a sub-picture-element
region which has the lowest threshold voltage of the trans-
mittance-applied voltage characteristic among the sub-pic-
ture-element regions or in a region adjacent to the sub-pic-
ture-element region, and determines the thickness of the
liquid crystal layer.

[0034] Alignment controlling force is weaker in a sub-
picture-element region which has a higher threshold voltage
of the transmittance-applied voltage characteristic than in a
sub-picture-element region which has a lower threshold volt-
age of the transmittance-applied voltage characteristic. For
this reason, if the spacer is arranged in a sub-picture-element
region which has a higher threshold voltage or in the vicinity
of the sub-picture-element region, influence of defect in
alignment of the liquid crystal molecules stemming from the
spacer spreads over the sub-picture-element region. This
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decreases the substantial aperture ratio. By contrast, in the
case of the present invention, the influence of defect in align-
ment of the liquid crystal molecules stemming from the
spacer is smaller. This makes it possible to prevent the sub-
stantial aperture ratio from being decreased. That is because
the spacer is arranged in a sub-picture-element region which
has the lowest threshold or in a region adjacent to the sub-
picture-element region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 11is a plan view showing a conventional MVA
mode liquid crystal display device.

[0036] FIG. 2 is a diagram showing a T-V characteristic to
be observed when the MVA mode liquid crystal display
device is viewed from the front, and a T-V characteristic to be
observed when the MVA mode liquid crystal display device is
viewed downwards in an oblique direction.

[0037] FIG. 3 is a plan view of a liquid crystal display
device to be manufactured in accordance with a manufactur-
ing method according to a first embodiment of the present
invention.

[0038] FIG. 4 is a schematic cross-sectional view of the
liquid crystal display device to be manufactured in accor-
dance with the manufacturing method according to the first
embodiment of the present invention.

[0039] FIG. 51is a diagram showing a T-V characteristic in
a directly-connected picture element region and a T-V char-
acteristic in capacitively-coupled picture element regions.
[0040] FIG. 6 is a schematic diagram showing change
which is made in voltage applied to a data bus line while
polymers are being formed.

[0041] FIG. 7 is a diagram schematically showing condi-
tions of liquid crystal molecules to be observed before and
after ultraviolet light is irradiated on the liquid crystal mol-
ecules.

[0042] FIG. 8A is a diagram showing a transmission con-
ditionofa liquid crystal display device actually manufactured
in accordance with the first embodiment. FIG. 8B is adiagram
showing a transmission condition of a liquid crystal display
device used as a comparative example.

[0043] FIG. 9 is a schematic diagram showing change
which is made in voltage applied to a data bus line while
polymers are being formed in a case of a second embodiment
of the present invention.

[0044] FIG. 10 is a schematic diagram showing another
example of change which is made in voltage applied to the
data bus line while polymers are being formed in a case of the
second embodiment of the present invention.

[0045] FIG. 11 is a diagram showing conditions in which
voltages are applied to each of Samples 1 to 5.

[0046] FIG. 12 is a diagram showing results of evaluating
alignment conditions of each of Samples 1 to 5.

[0047] FIG. 13 is a diagram showing results of evaluating
conditions in which voltages are applied to each of Samples 6
to 10 and their alignment conditions.

[0048] FIG. 14 is a diagram showing results of evaluating
conditions in which voltages are applied to each of Samples
11 to 15 and their alignment conditions.

[0049] FIG. 15A is a diagram showing a transmission con-
dition of the liquid crystal display device shown in FIG. 1.
FIG. 15B is a diagram showing a transmission condition of
the liquid crystal display device shown in FIG. 3.
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[0050] FIG. 16 is a plan view showing a liquid crystal
display device according to a third embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0051] Hereinbelow, descriptions will be provided for
embodiments of the present invention with reference to the
attached drawings.

First Embodiment

[0052] FIG. 3 is a plan view of a liquid crystal display
device to be manufactured in accordance with a first embodi-
ment of the present invention. FIG. 4 is a cross-sectional
schematic view of the liquid crystal display device to be
manufactured in accordance with the first embodiment. Inci-
dentally, FIG. 3 shows two picture element regions.

[0053] As shown in FIG. 4, a liquid crystal panel 100 is
configured of a TFT substrate 110, an opposing substrate 130
and a liquid crystal layer 140. The liquid crystal layer 140 is
made of liquid crystal with negative dielectric anisotropy,
which is contained in the space between the TFT substrate
110 and the opposing substrate 130. Polarizing plates 141a
and 1415 are arranged respectively in the two sides in the
thickness direction of this liquid crystal panel 100. The liquid
crystal layer 140 includes polymers which have been formed
in the following process. Polymerizable components (mono-
mers or oligomers) are added to the liquid crystal, and beams
of ultraviolet light are irradiated on the polymerizable com-
ponents. Thereby, the polymerizable components are poly-
merized into the polymers.

[0054] A plurality of gate bus lines 112 extending in the
horizontal direction (X-axis direction) and a plurality of data
bus lines 117 extending in the vertical direction (Y-axis direc-
tion) are formed in the TFT substrate 110, as shown in FIG. 3.
Each of rectangle regions defined by these gate bus lines 112
and these data bus lines 117 is a picture element region. In
addition, auxiliary capacitance bus lines 113 are formed in the
TFT substrate 110. The auxiliary capacitance bus lines 113
are arranged respectively in parallel with the gate bus lines
112, and each of the auxiliary capacitance bus lines 113
traverses the center of the picture element region. In the case
of this embodiment, the absorption axis of one of the polar-
izing plates 141a and 1415 is arranged in parallel with the
gate bus line 112, and the absorption axis of the other of the
polarizing plates 141a and 1415 is arranged in parallel with
the data bus line 117.

[0055] A TFT 118, three sub-picture-clement electrodes
121a to 121¢, control electrodes 1194 and 119¢, and an aux-
iliary capacitance electrode 1195 are formed in each of the
picture element regions. The sub-picture-element electrodes
121a to 121¢ are made of a transparent conductive material
such as ITO. Each of the sub picture element electrodes 121a
to 121c is provided with slits 122 which regulate alignment
orientations of liquid crystal molecules when voltage is
applied.

[0056] Hereinbelow, detailed descriptions will be provided
for the TFT substrate 110 and the opposing substrate 130 with
reference to the plan view of FIG. 3 and the cross-sectional
schematic view of F1G. 4.

[0057] The gate bus line 112 and the auxiliary capacitance
bus line 113 are formed on a glass substrate 111 which is a
base for the TFT substrate 110.
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[0058] A first insulating film 114 (gate insulating film)
made, for example, of Si0,, SiN or the like is formed over the
gate bus line 112 and the auxiliary capacitance bus line 113.
A semiconductor film 115 (for example, an amorphous sili-
con film or a polysilicon film) which serves as an activation
layer of the TFT 118 is formed in a predetermined area on the
first insulating film 114. A channel protecting film 116 made
of SiN or the like is formed on top of the semiconductor film
115. A drain electrode 118a and asource electrode 1185 of the
TFT 118 are formed respectively on the two sides of the
channel protecting film 116 in the Y-axis direction.

[0059] In addition, the data bus line 117 connected to the
source electrode 1185 of the TFTs 118, the control electrodes
119a and 119¢ connected to the drain electrodes 118a of the
TFTs 118, and the auxiliary capacitance electrodes 1195 are
formed on the first insulating film 114. As shown in FIG. 4,
the auxiliary capacitance electrode 1195 is formed in a posi-
tion opposite to the auxiliary capacitance bus line 113 with
the first insulating film 114 interposed between the auxiliary
capacitance electrodes 1194 and the corresponding auxiliary
capacitance bus lines 113. An auxiliary capacitance is consti-
tuted of the auxiliary capacitance bus line 113, the auxiliary
capacitance electrode 1195 and the first insulating film 114
which is interposed between the auxiliary capacitance bus
line 113 and the auxiliary capacitance electrode 1195. In
addition, the control electrodes 119a and 119¢ are arranged
along the center line of the picture element region, the center
line being in parallel with the Y axis. The auxiliary capaci-
tance electrode 1195 is arranged along the center line of the
picture element region, the center line being in parallel with
the X axis.

[0060] A second insulating film 120 made, for example, of
SiN is formed over the data bus line 117, the drain electrode
118a, the source electrode 1185, the control electrodes 119a
and 119¢, and the auxiliary capacitance electrode 11956. The
three sub-picture-element electrodes 121a to 121c are formed
on the second insulating film 120. As shown in FIG. 4, the
sub-picture-element electrode 121a is capacitively coupled
with the control electrode 1194 with the second insulating
film 120 interposed between the sub-picture-element elec-
trode 1214 and the control electrode 119a. The sub-picture-
element electrode 121c¢ is capacitively coupled with the con-
trol electrode 119¢ with the second insulating film 120
interposed between the sub-picture-element electrode 121¢
and the control electrode 119¢. In addition, the sub-picture-
element electrode 1215 is electrically connected with the
auxiliary capacitance electrode 11956 through a contact hole
120a which is made in the second insulating film 120.
[0061] As shown in FIG. 3, the sub-picture-element elec-
trode 121« is arranged in an upper portion in the Y-axis
direction of the picture element region. The sub-picture-ele-
ment electrode 121a is divided into the two bilaterally sym-
metrical domain controlling regions with the center line in
parallel with the Y axis defined as the boundary. A plurality of
slits 122 extending in a direction at an angle of approximately
45 degrees to the X axis are formed in the right region. A
plurality of slits 122 extending in a direction at an angle of
approximately 135 degrees to the X axis are formed in the left
region.

[0062] The sub-picture-element electrode 1215 is arranged
in the center of the picture element region, and is divided into
the four domain controlling regions by the center line in
parallel with the X axis and the center line in parallel with the
Y axis. A plurality of slits 122 extending in a direction at an
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angle of approximately 45 degrees to the X axis are formed in
a first region located upper right. A plurality of slits 122
extending in a direction at an angle of approximately 135
degrees to the X axis are formed in a second region located
upper left. A plurality of slits 122 extending in a direction at
an angle of approximately 225 degrees to the X axis are
formed in a third region located lower left. A plurality of slits
122 extending in a direction at an angle of approximately 315
degrees to the X axis are formed in a fourth region located
lower right.

[0063] The sub-picture-element electrode 121¢ is arranged
in a lower portion in the Y-axis direction of the picture ele-
ment region. The sub-picture-element electrode 121c¢ is
divided into the two bilaterally symmetrical domain control-
ling regions with the center line in parallel with the Y axis
defined as the boundary. Moreover, a plurality of slits 122
extending in a direction at an angle of approximately 225
degrees to the X axis are formed in the left region. A plurality
of slits 122 extending in a direction at an angle of approxi-
mately 315 degrees to the X axis are formed in the right
region. The width of each of the slits 122 of the sub-picture-
element electrodes 121a to 121 ¢ is, for example, 3.5 pm. The
width ofa conductive part (hereinafter referred to as a micro-
electrode part) between each two neighboring slits is, for
example, 6 um.

[0064] A vertical alignment film (not illustrated) made of
polyimide or the like is formed over the sub-picture-element
electrodes 121a to 121c.

[0065] On the other hand, black matrices (light blocking
film) 132, color filters 133 and a common electrode 134 are
formed on one surface (on the lower side in FIG. 4) of a glass
substrate 131 which serves as a base of the opposing substrate
130.

[0066] The black matrices 132 are formed of a metal such
as Cr (chromium), or of a black resin. Each of the black
matrices 132 is arranged in a position opposite to the gate bus
line 112, the data bus line 117 and the TFT 118 on the TFT
substrate 110. Color filters 133 are classified into three types,
such as red (R), green (G) and blue (B). A color filter with any
one of the three colors is arranged in each of the picture
elements. One pixel is comprised of three neighboring picture
elements of ared picture element, a green picture element and
a blue picture element. The pixel is designed to be capable of
displaying various colors.

[0067] The common electrode 134 is formed of a transpar-
ent conductive material such as [TO, and is arranged on the
color filter 133 (on the lower side of the color filter 133 in FIG.
4). A vertical alignment film (not illustrated) made of poly-
imide or the like is formed on the common electrode 134 (on
the lower side of the common electrode 134 in FIG. 4).
[0068] In the case of the liquid crystal display device thus
configured according to this embodiment, when a display
signal is applied to the data bus line 117 and concurrently a
predetermined voltage (scan signal) is applied to the gate bus
line 112, the TFT 118 are turned on. Thereby, the display
signal is transmitted to the control electrodes 1194 and 119¢
as well as the auxiliary capacitance electrodes 1195. The
sub-picture-element electrode 1215 is connected to the aux-
iliary capacitance electrode 1195 through the contact hole
1204q. For this reason, the voltage of the sub-picture-element
electrode 1215 is equal to the voltage of the display signal.
[0069] On the other hand, a voltage corresponding to a
value on a capacitance between a group of the sub-picture-
element electrodes 121a and 121c¢ as well as a group of the
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control electrodes 1194 and 119c¢ is applied commonly to the
sub-picture-element electrodes 121a and 121¢. At this point,
a voltage V1 to be applied commonly to the sub-picture-
element electrodes 121a and 121¢ is expressed by

V1=VD-C2/(C1+C2)

where the voltage representing the display signal is denoted
by VD; a value on a capacitance between a group of the
sub-picture-element electrodes 121a and 121c¢ as well as the
common electrode 134 is denoted by C1; and a value on a
capacitance between the group of the sub-picture-element
electrodes 121a and 121c¢ as well as a group of the control
electrodes 1194 and 119¢ is denoted by C2.

[0070] In other words, a voltage lower than a voltage
applied to the sub-picture-element electrode 1215 is applied
commonly to the sub-picture-element electrodes 121a and
121c. This means that the single picture element has regions
of two types which are different from each other in T-V
characteristic (transmittance-applied voltage characteristic).
In addition, the summation of the two T-V characteristics
respectively of the regions of two types represents the trans-
mittance-applied voltage characteristics of the overall picture
element. It has been known that, if a plurality of sub-picture-
element regions which are different from one anotherin trans-
mittance-applied voltage characteristic are formed in a single
picture element, this formation makes it possible to avoid
deterioration in display quality to be observed when the
screen is viewed in an oblique direction (see Japanese Patent
Laid-open Official Gazette No. 2004-279904). In addition, a
method of preventing the wash out by means of forming a
plurality of sub-picture-element regions which are different
from one another in this manner is termed as the HT (half tone
gray scale) method.

[0071] Inthe case ofthis embodiment, the values on capaci-
tances C1 and C2 are set up in a way that approximately 1.5V
is the difference between a threshold voltage of the transmit-
tance-applied voltage characteristic in the region where the
sub-picture-element electrode 1215 is arranged and a thresh-
old voltage of the transmittance-applied voltage characteris-
ticcommonly in the regions where the respective sub-picture-
element electrodes 121a and 121¢ are arranged. The sub-
picture-element electrode 1215 is a sub-picture-element
electrode connected to the TFT through no capacitive cou-
pling. Hereinafter, the sub-picture-element electrode 1215 is
referred to as a “directly-connected picture element elec-
trode.” The sub-picture-element electrodes 121¢ and 121c are
sub-picture-element electrodes connected to the TFT through
capacitive coupling. Hereinafter, the sub-picture-element
electrodes 121a and 121¢ are referred to as “capacitively-
coupled picture element electrodes.”

[0072] FIG. 5is a diagram showing a T-V characteristic in
aregion where a directly connected picture element electrode
is arranged (hereinafter referred to as a “directly connected
picture element region”) and a T-V characteristic in regions
where the respective capacitively coupled picture element
electrodes are arranged (hereinafter referred to as “capaci-
tively coupled picture element regions™). In FIG. §, the axis of
abscissa represents voltage applied, and the axis of ordinate
represents transmittance. In the case of this embodiment, as
shown by FIG. 5, the threshold voltage Vthl of the T-V
characteristic in the directly connected picture element region
is approximately 1.8 V, and the threshold voltage Vth2 of the
T-V characteristic in the capacitively coupled picture element
regions is approximately 3.3 V.
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[0073] Tt should be noted that, through experiments and
examinations, the present applicants have made the following
findings. In a case where the area of the capacitively coupled
picture element regions is smaller than 20% of the area of all
the sub-picture-element regions (the directly connected pic-
ture element region plus the capacitively coupled picture
element regions) and in a case where the area of the capaci-
tively coupled picture element regions exceeds 80% of the
area of all the sub-picture-element regions, the HT method
does not make it possible to fully obtain an effect of prevent-
ing the wash-out. For this reason, it is desirable that a ratio of
the area of the capacitively coupled picture element regions to
the area of all the sub-picture-element regions (the directly
connected picture element region plus the capacitively
coupled picture element regions) be 20% to 80%.

[0074] In the case of this embodiment, no beam of light is
transmitted in areas around a boundary between each two
neighboring domain controlling regions whose slits 122
extend in directions which are different from one region to
another, or in an area along the center line in parallel with the
X axis of the picture element region and in an area along the
center line in parallel with the Y axis of the picture element
region. This is because liquid crystal molecules in such areas
are aligned in a direction in parallel with the X axis or in a
direction in parallel with the Y axis (i.e. in directions, in
parallel with, or orthogonal to, the absorption axes respec-
tively of the polarizing plates 141a and 1415) when voltage is
applied. Inthe case of this embodiment, the control electrodes
119a and 119c as well as the auxiliary capacitance electrode
1195 are provided only to these boundary areas. For this
reason, reduction in the aperture ratio can be minimized,
although provision of the control electrodes 119a and 119¢ as
well as the auxiliary capacitance electrode 1195 reduces the
aperture ratio.

[0075] Hereinbelow, descriptions will be provided for a
method of manufacturing the liquid crystal display device
according to this embodiment with reference to FIGS. 3 and
4.

[0076] To begin with, the glass substrate 111 to serve as the
base of the TFT substrate 110 is got ready for use. Subse-
quently, a metallic film obtained by superposing, for example,
Al (Aluminum) and Ti (Titanium) is formed on this glass
substrate 111. Thereafter, this metallic film is patterned by
use of the photolithography method. Thus, the gate bus lines
112 and the auxiliary capacitance bus lines 113 are formed. In
this case, for example, the gate bus lines 112 are formed with
a pitch of approximately 300 um in the Y-axis direction.
[0077] Then, the first insulating film (gate insulating film)
114 made, for example, of an insulating material such as SiO,
or SiN is formed on the entire upper surface of the resultant
glass substrate 111. Thence, the semiconductor film (amor-
phous silicon film or polysilicon film) 115 which serves as the
activation layer of the TFT 118 is formed in a predetermined
area on the first insulating film 114.

[0078] Subsequently, a SiN film is formed on the entire
upper surface of the resultant glass substrate 111. Thereafter,
the SiN film is patterned by use of the photolithography
method. Thereby, the channel protecting film 116 is formed
on top of an area which serves as the channel of the semicon-
ductor film 115.

[0079] Then, an ohmic contact layer (not illustrated) made
of a semiconductor film which is obtained by introducing
impurities in high concentration is formed on the entire upper
surface of the resultant glass substrate 111. Thence, a metallic
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film obtained by superposing, for example, Ti, Al and Ti in
this sequence is formed on the resultant glass substrate 111.
Thereafter, this metallic film and the ohmic contact layer are
patterned by use of the photolithography method. Thus, the
data bus lines 117, the drain electrodes 118a, the source
electrodes 1185, the control electrodes 119« and 119¢, and
the auxiliary capacitance electrodes 1195 are formed. In this
case, for example, the data bus lines 117 are formed with a
pitch of approximately 100 pm in the X-axis direction.
[0080] Subsequently. the second insulating film 120 made,
for example, of an insulating material such as SiO, or SiN is
formed on the entire upper surface of the resultant glass
substrate 111. Then, the contact holes 1204 which respec-
tively reach the auxiliary capacitance electrodes 1196 are
formed in the second insulating film 120.

[0081] Then, the entire upper surface of the resultant glass
substrate 111 is sputtered with ITO. Thereby, the ITO film is
formed. This ITO film is electrically connected with the aux-
iliary capacitance electrodes 11956 through the contact holes
120qa. Thereafter, the ITO film is patterned by use of the
photolithography method. Thereby, the sub-picture-element
electrodes 121a to 121¢ are formed. The slits 122 extending in
oblique directions are formed in each of the sub-picture-
element electrodes 121a to 121¢, as described above.

[0082] Subsequently, polyimide is applied to the entire
upper surface of the glass substrate 111. Thereby, the align-
ment film is formed. Accordingly, the TFT substrate 110 is
completed.

[0083] Next, descriptions will be provided for a method of
manufacturing the opposing substrate 130.

[0084] To begin with, the glass substrate 131 to serve as the
base of the opposing substrate 130 is got ready for use. Sub-
sequently, the black matrices 132 are formed of Cr (Chro-
mium) or a black resin in the predetermined areas of the
resultant glass substrate 131. The black matrices 132 are
formed, for example, in the respective positions opposite to
the gate bus lines 112, the data bus lines 117, and the TFTs
118 in the TFT substrate 110.

[0085] Then, red, green and blue color filters 133 are
formed on the resultant glass substrate 131 by use of red,
green and blue photosensitive resins respectively.

[0086] Subsequently, the entire upper surface of the result-
ant glass substrate 131 is sputtered with ITO. Thereby, the
common electrode 134 is formed. Thereafter, polyimide is
applied to the top of the common electrode 134. By this, the
alignment film is formed on the common electrode 134.
Accordingly, the opposing substrate 130 is completed.

[0087] The TFT substrate 110 and the opposing substrate
130, which have been thus manufactured, are arranged oppo-
site to each other with a spacer (not illustrated) interposed in
between. Thereafter, liquid crystal with negative dielectric
anisotropy is filled into the space between the TFT substrate
110 and the opposing substrate 130. The liquid crystal panel
100 is manufactured in this manner. For example, diacrylate
to serve as polymerizable components is beforehand added to
the liquid crystal by 0.3 wt %. In addition, the interval (cell
gap) between the TFT substrate 110 and the opposing sub-
strate 130 is, for example, 3.5 um to 4 pm.

[0088] Subsequently. a predetermined signal is applied to
the gate bus lines 112, and thereby the TFT 118 ofeach of the
picture elements is turned into an “ON” state. In addition, a
voltage is applied to the data bus lines 117. Thereby, the liquid
crystal molecules in each of the picture elements are aligned
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in predetermined directions. Thereafter, beams of ultraviolet
light are irradiated, and thus the polymers are formed in the
liquid crystal layer.

[0089] FIG. 6 is a schematic diagram showing change
which is made in voltage applied to a data bus line 117 while
the polymers are being formed. Incidentally, a voltage drop
stemming from the TFT can be ignored. As shown in FIG. 6,
an AC voltage V1 (a 2.1-V voltage with a 100-Hz frequency
in this case) slightly higher than a threshold voltage Vth1 (1.8
V) in the directly connected picture element region (a thresh-
old voltage of the T-V characteristic: hereinafter referred to as
the same) is applied to the data bus lines 117. Then, the
alignment of the liquid crystal molecules is waited for to
stabilize while the voltage V1 is being held for 30 seconds.
Incidentally, it is desirable that the voltage V1 applied at this
time be in a range expressed

Vih1<V1=Vih1+1(V)

for the purpose of securely reducing disturbance in alignment
of the liquid crystal molecules.

[0090] Then, an AC voltage V2 (a 3.8-V voltage with a
100-Hz frequency in this case) slightly higher than a thresh-
old voltage Vth2 (3.3 V) in the capacitively coupled picture
element regions is applied to the data bus lines 117. Then, the
alignment of the liquid crystal molecules is waited for to
stabilize while the voltage V2 is being held for 30 seconds.
Incidentally, it is desirable that the voltage V2 applied at this
time be in a range expressed

Vi <V2Vh2+1(V)

for the purpose of securely reducing disturbance in alignment
of the liquid crystal molecules.

[0091] Subsequently, an AC voltage V3 (a 20-V voltage
with a 100-Hz frequency in this case) higher than a maximum
voltage which is applied while the liquid crystal display
device is being normally used (a white-displaying voltage:
normally, 4 V to 6V) is applied to the data bus lines 117, and
is held for 15 seconds. Thereafter, the polymerizable compo-
nents contained in the liquid crystal are polymerized by
means of irradiating beams of ultraviolet (UV) light, and thus
the polymers are formed. In this manner, the formation of the
polymers is completed.

[0092] FIG. 7 is a diagram schematically showing condi-
tions in which the liquid crystal molecules to be observed
before and after ultraviolet light is irradiated on the liquid
crystal molecules. In FIG. 7, reference numeral 150 denotes
liquid crystal molecules. In addition, reference numeral 151a
denotes the alignment film formed on the TFT substrate; and
1515, the alignment film formed on the opposing substrate.
Furthermore, reference numeral 152 denotes monomers
added to the liquid crystal; and 153, polymers formed through
irradiation of beams of ultraviolet light.

[0093] Inthis manner, the polymers which determine direc-
tions in which the liquid crystal molecules tilt while voltage is
being applied are formed in the liquid crystal layer. Thereaf-
ter, as shown in FIG. 4, the polarizing plates 141¢ and 1415
are arranged respectively in the two sides of the liquid crystal
panel 100 in the thickness direction. In addition, drive circuits
and a backlight are installed in the liquid crystal panel 100.
Thereby, the liquid crystal display device is completed.
[0094] As described above, in the case of this embodiment,
while the polymerizable components added to the liquid crys-
tal is being polymerized, first of all, the voltage V1 slightly
higher than the threshold voltage Vth1 in the directly con-
nected picture element region is applied to the liquid crystal,
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and the voltage V1 is held for the predetermined length of
time. Thereafter, the voltage V2 slightly higher than the
threshold voltage Vth2 in the capacitively coupled picture
element regions is applied to the liquid crystal, and the volt-
age V2 is held for the predetermined length of time. Subse-
quently, the predetermined higher voltage V3 is applied to the
liquid crystal. For this reason, the polymers are formed while
inhibiting disturbance in alignment of the liquid crystal mol-
ecules. Accordingly, this brings about the effect of enhancing
display quality of the liquid crystal display device.

[0095] FIG. 8A is a diagram showing a transmission con-
ditionofa liquid crystal display device actually manufactured
in accordance with the first embodiment. FIG. 8B is a diagram
showing a transmission condition of a liquid crystal display
device used as a comparative example. Incidentally, in the
case of the liquid crystal display device used as the compara-
tive example, the polymers are formed in the liquid crystal
layer in the following manner. A 20-V AC voltage is applied
to the data bus lines at the same time as the TFTs are turned
on, and the 20-V AC voltage is held for a certain length of
time. Thereafter, beams of ultraviolet light are irradiated.
Through comparison between FIG. 8A and FIG. 8B, it is
learned that an extremely small amount of dark part stemming
from disturbance in alignment of the liquid crystal molecules
occurs in the liquid crystal display device manufactured in
accordance with this embodiment in comparison with the
liquid crystal display device used as the comparative
example.

Second Embodiment

[0096] Hereinafter, descriptions will be provided for a sec-
ond embodiment of the present invention.

[0097] FIG. 9 is a schematic diagram showing change
which is made in voltage applied to a data bus line while
polymers are being formed in a case of the second embodi-
ment. Incidentally, the structures respectively of the TFT
substrate and the opposing substrate in the second embodi-
ment are basically the same as those in the first embodiment
are. For this reason, the descriptions for the structures will be
omitted in this respect.

[0098] As shown in FIG. 9, in the case of this embodiment,
first of all, a voltage V1 slightly lower than the threshold
voltage Vth1 in the directly connected picture element region
is applied to the data bus lines, and the voltage V1 is held for
a certain length of time.

[0099] Subsequently. a voltage V2 slightly higher than the
threshold voltage Vth1 in the directly connected picture ele-
ment region is applied to the data bus lines, and the voltage V2
is held for a certain length of time. Thereafter,

a voltage V3 (incidentally, V3>V2) slightly lower than the
threshold voltage Vth2 in the capacitively coupled picture
element regions is applied to the data bus lines, and the
voltage V3 is held for a certain length of time.

[0100] Then, a voltage V4 slightly higher than the threshold
voltage Vth2 in the capacitively coupled picture element
regions is applied to the data bus lines, and the voltage V4 is
held for a certain length of time. Thereafter, beams of ultra-
violet light are irradiated, and thus the polymerizable com-
ponents contained in the liquid crystal layer are polymerized.
Thereby, the polymers are formed.

[0101] Itdoesnotmatter thatthe polymers are formed in the
liquid crystal layer as shown in FIG. 10 in the following
manner. A voltage V4 is applied to the data bus lines, and is
held for a certain length of time. Thereafter, a voltage V5 (for
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example, 17 V) higher than a white-displaying voltage (ap-
proximately 4 to 6 V) which is applied to the data bus lines
while the liquid crystal display device is being actually used
is applied to the data bus lines, and the voltage V5 is held for
a certain length of time. Subsequently, beams of ultraviolet
light are irradiated, and thus the polymers are formed in the
liquid crystal layer. This makes it possible to shorten time
which is needed for the liquid crystal molecules to complete
tilting in predetermined directions.

[0102] This embodiment brings about an effect similar to
that which the first embodiment brings about. In addition, in
a case of a liquid crystal display device manufactured by
filling liquid crystal in the space between the TFT substrate
and the opposing substrate by use of the one drop filling
method, it is likely that display unevenness termed as a drop
mark may occur in a place where liquid crystal is dispensed.
However, the method according to this embodiment also
brings about an effect of preventing the drop mark from
occurring. Reasons why the drop mark occurs and reasons
why the drop mark can be prevented by use of the method
according to this embodiment are not clear. However, the
following reasons are conceivable.

[0103] In the case of the vacuum filling method, a sealing
material is applied to the margin outside the display region (a
region where picture elements are arrayed in the form of a
matrix) of the TFT substrate in a way that the applied portions
are shaped like a frame. Thereafter, liquid crystal is dropped
to several points on the TFT substrate. Subsequently, the TEFT
substrate and the opposing substrate are aligned to each other
in vacuum. Then, the sealing material is hardened by irradia-
tion of ultraviolet light or by a thermal process. In vacuum,
moisture adhered to the surface of the alignment film is
evaporated and removed in parts of the TFT substrate where
liquid crystal has not been dropped, whereas moisture
remains on the surface of the alignment film in parts of the
TFF substrate where liquid crystal has been dropped. One
may think that the remaining moisture makes resistance on
the surface of the alignment film different from one part to
another, and that accordingly the drop mark is caused. One
may also think that application of a relatively high AC voltage
to liquid crystal as in the case of this embodiment disperses
moisture, which has remained partially in the surface of the
alignment film, into the liquid crystal layer while the poly-
mers are being formed, and that accordingly the drop mark
can be avoided.

[0104] Hereinafter, descriptions will be provided for results
of examining whether alignment characteristics of liquid
crystal molecules were satisfactory or poor in each of liquid
crystal display devices manufactured by changing conditions
which were applied while polymers were being formed.

(Experiment 1)

[0105] To begin with, descriptions will be provided for
results of examining a relationship between change in voltage
applied to the data bus lines and the alignment characteristics
of liquid crystal molecules.

[0106] TFT substrates and opposing substrates as shown in
FIGS. 3 and 4 were manufactured. A vertical alignment film
was formed on each of the surfaces of the TFT, substrates and
the opposing substrates by applying an alignment film mate-
rial made by JSR Corporation to the surfaces of the TFT
substrates and the opposing substrates. Then, liquid crystal
was filled in spaces between the TFT substrates and the
opposing substrates. Thereby, liquid crystal panels were

Sep. 22,2011

formed. N-type liquid crystal (liquid crystal with negative
dielectric anisotropy) made by Merck Ltd. was used as the
liquid crystal. In addition, 0.3 wt % of monomers (diacrylate)
capable of being polymerized by ultraviolet light was added
to the liquid crystal.

[0107] Subsequently. voltages were applied to the liquid
crystal layers respectively with conditions shown in FIG. 11.
Monomers were polymerized by means of irradiation of
ultraviolet light, and thus polymers were formed in each of the
liquid crystal layers. Thereafter, polarizing plates were
arranged respectively in the two sides of each of the liquid
crystal panels, and a backlight was installed into each of the
liquid crystal panels. Thus, the liquid crystal display devices
used as Samples 1 to 5 were completed.

[0108] Then, a predetermined voltage was applied to the
gate bus lines, the TFTs were thus turned to an “ON” state,
and a 5-V AC voltage was applied to the data bus lines, in each
of the liquid crystal display device used as Samples 1 to 5.
Subsequently, conditions in which the liquid crystal was
aligned were observed for each of the liquid crystal display
device used as Samples 1 to 5. Incidentally, the threshold
voltage Vth1 in the directly connected picture element region
was 2.2V, and the threshold voltage Vth2 in the capacitively
coupled picture element regions was 3.0 V, in each of the
liquid crystal display device used as Samples 1 to 5.

[0109] As a result, it was recognized that disclination
occurred in each of the liquid crystal display devices used as
Samples 1 to 3, and that alignment characteristics of the liquid
crystal molecules were accordingly poor in each of the liquid
crystal display devices used as Samples 1 to 3, as shown in
FIG. 12. Inthe case of the liquid crystal display device used as
Sample 1, the voltage V5 measuring 17 V was suddenly
applied to the data bus lines. In the case of the liquid crystal
display device used as Sample 2, the voltages V1 and V5 were
sequentially applied to the data bus lines, but the voltages V2,
V3 and V4 were not applied to the data bus lines. In the case
of the liquid crystal display device used as Sample 3, the
voltages V1, V2 and V5 were sequentially applied to the data
bus lines, but neither the voltages V3 nor V4 were applied to
the data bus lines. Less disclination occurred, and better
alignment was exhibited, in the liquid crystal display device
used as Sample 4 than the liquid crystal display devices used
as Samples 1 to 3. In the case of the liquid crystal display
device used as Sample 4, the voltages V1,V2,V4 and V5 were
sequentially applied to the data bus lines, but the voltage V3
was not applied to the data bus lines. However, the alignment
was disturbed in several picture elements throughout the
panel in the liquid crystal display device used as Sample 4.
[0110] By contrast, in the case of the liquid crystal display
device used as Sample 5, which was manufactured by apply-
ing the voltages V1 to V5 sequentially, the alignment was
disturbed in no picture element, and extremely satisfactory
alignment characteristics were exhibited. It can be learned,
from the results of Experiment 1, that a liquid crystal display
device exhibiting satisfactory alignment characteristics of the
liquid crystal molecules can be manufactured by means of the
sequential application of the voltages V1,V2,V3,V4 and V5
to the liquid crystal layer.

(Experiment 2)

[0111] Next, descriptions will be provided for results of
examining relationships between time for which each of
applied voltages was held and alignment characteristics of
liquid crystal.
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[0112] Liquid crystal display devices were manufactured
while changing time for which each of the voltages V1 to V5
was applied during formation of polymers between 0.5 sec-
onds and 60 seconds as shown in FIG. 13. Then, it was
examined whether each of the liquid crystal display devices
thus manufactured was satisfactory or poor in terms of align-
ment characteristics of the liquid crystal molecules. As a
result, it was recognized that the liquid crystal display devices
used as Samples 7 to were satisfactory in terms of alignment
characteristics. The liquid crystal display devices used as
Samples 7 to 9 had been manufactured by applying each of
the voltages for 2 seconds to 30 seconds. However, alignment
characteristics were poor in the liquid crystal display device
used as Sample 6 which had been manufactured by applying
each of the voltages for as short as 0.5 seconds. One may
consider that the reason for the poor alignment characteristics
was as follows. The polymers were formed before the align-
ment of the liquid crystal molecules was stabilized. For this
reason, the polymers stored the unstable alignment condi-
tions, and thus the liquid crystal molecules were aligned in
accordance with the unstable alignment conditions of the
polymers.

[0113] Inaddition, alignment characteristics were satisfac-
tory in the liquid crystal display device used as Sample 10
which had been manufactured by applying each of the volt-
ages for 60 seconds. However, drop marks occurred in this
liquid crystal display device. One may consider that the rea-
son for the drop marks was as follows. Since the voltages were
applied to this liquid crystal display device for a longer time,
residual DC was accumulated in parts to which liquid crystal
was dropped.

[0114] From Experiment 2, it was learned that time for
which each of the voltages V1 to V5 was applied was desir-
ably 2 to 30 seconds.

[0115] Incidentally, it does not matter that the time for
which each of the voltages V1 to V4 was applied and held was
shorter than time spent for the liquid crystal domain fabri-
cated by use of voltage application to become stable. That is
because the amount of change in voltage applied to the liquid
crystal layer was smaller in this embodiment than in the first
embodiment.

(Experiment 3)

[0116] Next, descriptions will be provided for results of
examining whether alignment characteristics of the liquid
crystal molecules were satisfactory or poor while DC volt-
ages were being applied to the data bus lines during formation
of polymers in each of liquid crystal display devices used as
other samples.

[0117] Thepolymers were formed in the liquid crystal layer
in the same manner as the polymers were formed in the case
of Experiment 2, except that the DC voltages were applied to
the data bus lines, in each of the liquid crystal display devices.
Then, alignment characteristics of the liquid crystal mol-
ecules were examined in each of liquid crystal display
devices. FIG. 14 shows the results.

[0118] AsshowninFIG. 14, alignment characteristics were
satisfactory in each of the liquid crystal display devices used
as Samples 12 and 13. In the case of the liquid crystal display
devices used as Sample 12, each of the voltages was applied
for 2 seconds. In the case of the liquid crystal display devices
used as Sample 13, each of the voltages was applied for 10
seconds. On the other hand, alignment characteristics were
satisfactory, but drop marks occurred, in each of the liquid
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crystal display devices used as Samples 14 and 15. In the case
of the liquid crystal display devices used as Sample 14, each
of the voltages was applied for 30 seconds. In the case of the
liquid crystal display devices used as Sample 15, each of the
voltages was applied for 60 seconds. In addition, alignment
characteristics were poor in the liquid crystal display devices
used as Sample 11, where each of the voltages was applied for
0.5 seconds.

[0119] From Experiment 3, it is learned that process margin
was narrower in the case where the DC voltages were applied
than in the case where the AC voltages were applied.

[0120] From Experiments 1 to 3, it is learned that the fol-
lowings are desirable. First, it is desirable that, while the
polymers are being formed, the voltages V1 to V5 be applied
in this sequence. The voltage V1 is slightly lower than the
threshold voltage Vth1 in the directly connected picture ele-
ment region. The voltages V2 and V3 (incidentally, V2<V3)
are between the threshold voltage Vthl in the directly con-
nected picture element region and the threshold voltage Vth2
in the capacitively coupled picture element regions. The volt-
age V4 is slightly higher than the threshold voltage Vth2 in the
capacitively coupled picture element regions. The voltage V5
is higher than the white-displaying voltage which is applied
while the liquid crystal display device is actually being used.
Second, it is desirable that, in this case, time for which each of
the voltages V1 to V5 is applied be 2 to 30 seconds. Third, it
is desirable that the AC voltages be applied instead of the DC
voltages.

Third Embodiment

[0121] Hereinafter, descriptions will be provided for a third
embodiment of the present invention.

[0122] In the case where liquid crystal is filled into the
space between the TFT substrate and the opposing substrate
by use of the one drop filling method, if bead-shaped spacers
are used, the spacer move as the liquid crystal spreads over. As
aresult, the spacers cannot be distributed evenly throughout
the panel. For this reason, in the case where liquid crystal is
going to be filled into the space between the TFT substrate
and the opposing substrate by use of the one drop filling
method, column-shaped spacers formed of a photoresist
(hereinafter referred to as “photo-spacers”) are beforehand
formed on one of the TFT substrate and the opposing sub-
strate. It is usual that the photo-spacers are arranged in the
intersections between the gate bus lines and the data bus lines.
These intersections are parts where light is blocked by the
black matrices. Thus, the aperture ratio can be prevented from
decreasing due to the photo-spacer.

[0123] However, in the case of a liquid crystal display
device which has the capacitively coupled picture element
electrodes as shown in FIG. 3, it has been found that influence
of defect in alignment of the liquid crystal molecules which
stems from the spacers, reaches the capacitively coupled pic-
ture element regions. That is because the capacitively coupled
picture element electrodes have weaker alignment control-
ling force over the liquid crystal molecules than the directly
connected picture element electrodes have due to voltage
applied to the capacitively coupled picture element electrodes
being lower.

[0124] FIG. 15A is a diagram showing a transmission con-
dition of the liquid crystal display device (a liquid crystal
display device having no capacitively coupled picture ele-
ment electrode) shown in FIG. 1. FIG. 15B is a diagram
showing a transmission condition of the liquid crystal display
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device (a liquid crystal display device having capacitively
coupled picture element electrodes) shown in FIG. 3. Inci-
dentally, a photo-spacer is arranged in an intersection (parts
indicated by a circle in the figures) between a gate bus line and
a data bus line in each of the two liquid crystal display
devices.

[0125] From comparison between FIGS. 15A and 15B, it is
learned that influence of alignment abnormality stemming
from the photo-spacer reaches the outsides of the black
matrix (in other words, the capacitively coupled picture ele-
ment regions)in a liquid crystal display device having capaci-
tively coupled picture element electrodes.

[0126] With this taken into consideration, in the case of this
embodiment, photo-spacers are formed respectively in posi-
tions away from capcitively coupled picture element regions.
Hereinafter, descriptions will be provided for this with refer-
ence to the drawing.

[0127] FIG. 16 is a plan view showing a liquid crystal
display device according to the third embodiment of the
present invention. In FIG. 16, the same reference numerals
are used to denote the same or similar components as those in
FIG. 3, so that the descriptions will be omitted.

[0128] In the case of this embodiment, photo-spacers 161
are arranged respectively in parts (areas adjacent respectively
to directly connected picture element regions) where the aux-
iliary capacitance bus lines 113 and the data bus lines 117
cross over with each other. These photo-spacers 161 are
formed on the opposing substrate. The tips of the respective
photo-spacers 161 come into contact with the TFT substrate,
and thus the photo-spacers 161 keep a constant interval (cell
gap) between the TFT substrate and the opposing substrate.
[0129] The photo-spacers 161 are formed through the fol-
lowing steps. A photoresist is applied to the top of the com-
mon electrode, and thereafter is exposed and developed. After
the photo-spacers 161 are formed, a vertical alignment film is
applied to the surfaces of the common electrode and the
photo-spacers 161.

[0130] A liquid crystal display device according to this
embodiment was actually manufactured, and the alignment
conditions around the photo-spacers were examined. Inci-
dentally, while the polymers were being formed in the liquid
crystal layer, the voltages were applied to the liquid crystal
layer with the conditions shown in Sample 5 of the second
embodiment. As a result, it was recognized that there was no
disturbance in alignment of the liquid crystal molecules
which stemmed from the photo-spacers, and that the align-
ment characteristics were accordingly satisfactory.

[0131] Incidentally, it does not matter that the photo-spac-
ers are formed on the TFT substrate, although the photo-
spacers were formed on the opposing substrate in the case of
the aforementioned embodiment. In addition, it does not mat-
ter that the photo-spacers are formed respectively in the
directly connected picture element regions, although the
descriptions have been provided for the case where the photo-
spacers were formed respectively in the areas adjacent to the
directly connected picture element regions. For example, the
photo-spacers can be formed respectively in positions where
the directly connected picture element regions and the auxil-
iary capacitance bus lines 113 cross over each other.

1. A method of manufacturing a liquid crystal display
device including, in a picture element, a plurality of sub-
picture-element regions having transmittance-applied volt-
age characteristics which are different from one region to
another, which comprises the steps of:
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filling liquid crystal, which polymerizable components are
added to, in a space between a first and a second sub-
strates; and
applying, to the liquid crystal, voltages slightly higher than
threshold voltages of the transmittance-applied voltage
characteristics in the plurality of sub-picture-element
regions, on a step-by-step basis in the ascending order to
the voltages, and then polymerizing the polymerizable
components while applying a far higher voltage to the
liquid crystal.
2. The method of manufacturing a liquid crystal display
device according to claim 1, wherein the first substrate
includes, in each picture element, a switching element and
sub-picture-element electrodes which are arranged respec-
tively in the plurality of sub-picture-element regions,
wherein at least one of the sub-picture-element electrodes
is directly connected to the switching element, and

wherein the others of the sub-picture-element electrodes
are connected to the switching element respectively
through capacitive couplings.

3. The method of manufacturing a liquid crystal display
device according to claim 2, wherein a total area of the sub-
picture-element regions in which the sub-picture-element
electrodes connected to the switching element respectively
through capacitive couplings are respectively arranged is 20
to 80% of a grand total area of all of the sub-picture-element
regions.

4. The method of manufacturing a liquid crystal display
device according to claim 1, wherein, when the threshold
voltages of the transmittance-applied voltage characteristics
are expressed by Vth, the voltages respectively slightly higher
than threshold voltages are voltages expressed by Vth+1 (V)
or less.

5. The method of manufacturing a liquid crystal display
device according to claim 1, wherein time for which each of
the applied voltages is held is 2 to 60 seconds.

6. The method of manufacturing a liquid crystal display
device according to claim 1, wherein each of the sub-picture-
element electrodes is divided into at least two domain con-
trolling regions whose alignment orientations of liquid crys-
tal molecules are different from one another, and

wherein each of the domain controlling regions includes a

plurality of band-shaped microelectrode parts arranged
in parallel with one another.

7. A method of manufacturing a liquid crystal display
device including, in a picture element, a first sub-picture-
element region where a threshold voltage of the transmit-
tance-applied voltage characteristic is Vthl and a second
sub-picture-element region where a threshold voltage of the
transmittance-applied voltage characteristic is Vth2 (inciden-
tally, Vth2>Vthl), which comprises the steps:

filling liquid crystal, which polymerizable components are

added to, in the space between a first substrate and a
second substrate;

applying to the liquid crystal, and holding, a voltage V1

(incidentally, Vth1<V1<Vth2) higher than the threshold
voltage Vthl;

applying to the liquid crystal, and holding, a voltage V2

higher than the threshold voltage Vth2; and

forming polymers by mean of polymerizing the polymer-

izable components in the liquid crystal while applying,
to the liquid crystal, a voltage V3 higher than the
voltage V2.
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8. A method of manufacturing a liquid crystal display
device including, in a picture element, a first sub-picture-
element region where a threshold voltage of the transmit-
tance-applied voltage characteristic is Vthl and a second
sub-picture-element region where a threshold voltage of the
transmittance-applied voltage characteristic is Vth2 (inciden-
tally, Vth2>Vthl), which comprises the steps:

filling liquid crystal, which polymerizable polymers are

added to, in the space between a first substrate and a
second substrate;

applying to the liquid crystal, and holding, a first voltage

V1 lower than the threshold voltage Vthl;
applying to the liquid crystal, and holding, a second voltage
V2, whichis higher than the threshold voltage Vth1, and
which is lower than the threshold voltage Vth2;
applying to the liquid crystal, and holding, a third voltage
V3, which is higher than the second voltage V2, and
which is lower than the threshold voltage Vth2;
applying to the liquid crystal, and holding, a fourth voltage
V4, which is higher than the threshold voltage Vth2; and
forming polymers by means of polymerizing the polymer-
izable components in the liquid crystal while applying,
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to the liquid crystal, any one of the fourth voltage V4 and
a fifth voltage V5 higher than the fourth voltage V4.

9. The method of manufacturing a liquid crystal display
according to claim 8, wherein time for which each of the first
to the fourth voltages V1 to V4 is held after its application is
shorter than time spent for a liquid crystal domain formed by
the voltage application to complete its stability.

10. The method of manufacturing a liquid crystal display
according to claim 8, wherein the liquid crystal is filled into
the space between the first and the second substrates by use of
a one drop filling method.

11. The method of manufacturing a liquid crystal display
according to claim 8, wherein all of the voltages applied to the
liquid crystal are AC voltages.

12. The method of manufacturing a liquid crystal display
according to claim 8, wherein a spacer for determining the
interval between the first and the second substrates is
arranged in any one of the first sub-picture-element region
and a region adjacent to the first sub-picture-element region.

13-15. (canceled)
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