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(57) ABSTRACT

When radiating light onto a liquid crystal composition con-
taining a photosensitive material, the alignment of liquid
crystal molecules is adjusted by applying a voltage to the
liquid crystal composition layer, to achieve substantially
orderly alignment of the liquid crystal molecules, or the align-
ment of the liquid crystal molecules is made uniform by
adjusting the structure of the liquid crystal display device, or
any display defect is driven out of the display area. When
radiating light to the liquid crystal composition containing the
photosensitive material, the alignment of the liquid crystal
molecules can be adjusted so as to achieve substantially
orderly alignment of the liquid crystal molecules, and the
liquid crystal display device can thus be driven stably.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

CROSS REFERENCE OF RELATED
APPLICATION

[0001] This is a divisional of application Ser. No. 12/946,
584, filed Nov. 15, 2010, which is a continuation of applica-
tion Ser. No. 12/191,017, filed Aug. 13, 2008, now U.S. Pat.
No. 7,956,969, issued Jun. 7, 2011, which is a divisional of
application Ser. No. 10/893,790, filed Jul. 16, 2004, now U.S.
Pat. No. 7,450,206, issued Nov. 11, 2008, which is a divi-
sional of application Ser. No. 10/263,257, filed Oct. 2, 2002,
now U.S. Pat. No. 6,778,229, issued Aug. 17, 2004, which is
aCIP ofapplication Ser. No. 10/107,989, filed Mar. 27, 2002,
which is now abandoned.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device to be used for television and other display appa-
ratuses, to a method of fabricating the same and, more par-
ticularly, to a liquid crystal display device that uses a liquid
crystal material containing a photosensitive material and a
method of fabricating the same.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device is a display device
that comprises a liquid crystal sealed between two opposing
substrates and that uses electrical stimulus for optical switch-
ing by exploiting the electro-optical anisotropy of a liquid
crystal. Utilizing the refractive index anisotropy that the lig-
uid crystal possesses, the brightness of the light transmitted
by the liquid crystal panel is controlled by applying a voltage
to the liquid crystal and thereby reorienting the axis of the
refractive index anisotropy.

[0006] In such a liquid crystal display device, it is
extremely important to control the alignment of liquid crystal
molecules when no voltage is applied to the liquid crystal. If
the initial alignment is not stable, when a voltage is applied to
the liquid crystal, the liquid crystal molecules do not align in
a predictable manner, resulting in an inability to control the
refractive index. Various techniques have been developed to
control the alignment of liquid crystal molecules, represen-
tative examples including a technique that controls the ini-
tially formed angle (pretilt angle) between the alignment film
and the liquid crystal and a technique that controls the hori-
zontal electric field formed between the bus line and the pixel
electrode.

[0007] The same can be said of a display device that uses a
liquid crystal material containing a photosensitive matetial;
specifically, in a liquid crystal display mode in which the
initial alignment is controlled by radiation of light in the
presence of an applied voltage, the voltage application
method during the radiation becomes important. The reason
is that, if the magnitude of the applied voltage differs, a
change will occur in the initially formed pretilt angle, result-
ing in a change in transmittance characteristics.

[0008] In connection with a first aspect of the invention,
techniques called passive matrix driving and active matrix
driving have usually been used to drive liquid crystals; nowa-
days, with an increasing demand for higher resolution, the
active matrix display mode that uses thin-film transistors
(TFTs)is the dominant liquid crystal display mode. In aliquid
crystal display having such TFTs, when radiating light onto

Jan. 3,2013

the liquid crystal while applying a voltage to it, it is usually
practiced to expose the liquid crystal to light radiation while
applying a TFT ON voltage to each gate bus line and a desired
voltage to each data bus line, as shown in FIGS. 1 and 2.
[0009] However, when such a liquid crystal exposure
method is employed, if there is a line defect due to a bus line
break or short, as shown in FIG. 3, the liquid crystal will be
exposed to light when the liquid crystal in the affected area
cannot be driven, and a pretilt angle different from that in
other areas will be formed in this defect area, resulting in the
problem that the brightness in this area differs from the
brightness in other areas.

[0010] Or, in the TFT channel ON state, a shift in the TFT
threshold value can occur due to exposure to ultraviolet radia-
tion, as shown in FIG. 4, resulting in the problem that the
region where the TFTs can be driven stably shifts from the
desired region.

[0011] On the other hand, in connection with a second
aspect of the invention, displays using the TN mode have been
the predominant type of active matrix liquid crystal display,
but this type of display has had the shortcoming that the
viewing angle is narrow. Nowadays, a technique called the
MVA mode or atechnique called the IPS mode is employed to
achieve a wide viewing angle liquid crystal panel.

[0012] In the IPS mode, liquid crystal molecules are
switched in the horizontal plane by using comb-shaped elec-
trodes, but a strong backlight is required because the comb-
shaped electrodes significantly reduce the numerical aper-
ture. In the MVA mode, liquid crystal molecules are aligned
vertically to the substrates, and the alignment of the liquid
crystal molecules is controlled by the use of protrusions or
slits formed in a transparent electrode (for example, an ITO
electrode). The decrease in the effective numerical aperture
due to the protrusions or slits used in MVA is not so large as
that caused by the comb-electrodes in IPS, but compared with
TN mode displays, the light transmittance of theliquid crystal
panel is low, and it has not been possible to employ MVA for
notebook computers that require low power consumption.
[0013] When fine slits are formed in the ITO electrode, the
liquid crystal molecules tilt parallel to the fine slits, but in two
different directions. If the fine slits are sufficiently long, lig-
uid crystal molecules located farther from a structure such as
a bank that defines the direction in which the liquid crystal
molecules tilt are caused to tilt randomly in two directions
upon application of a voltage. However, the liquid crystal
molecules located at the boundary between the liquid crystal
molecules caused to tilt in different directions, cannot tilt in
either direction, resulting in the formation of a dark area such
as that shown in FIG. 29. Further, in a structure where the
liquid crystal molecules are caused to tilt in two different
directions in order to improve viewing angle, if there are
liquid erystal molecules that are caused to tilt in the opposite
direction, as shown in FIG. 29, the viewing angle character-
istics degrade.

[0014] Inconnection witha third aspect of the invention, in
an LCD (MVA-LCD) in which an N-type liquid crystal is
aligned vertically and in which, upon application of avoltage,
the molecules of the liquid crystal are caused to tilt in a
number of predefined directions by using alignment protru-
sions or electrode slits, the liquid crystal molecules are almost
completely vertically aligned in the absence of an applied
voltage, but are caused to tilt in the various predefined direc-
tions whena voltage is applied. The tilt directions of the liquid
crystal molecules are controlled so that they always make an
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angle of 45° to the polarizer absorption axis, but the liquid
crystal molecules as a continuum can tilt in a direction intet-
mediate between them. Furthermore, areas where the tilt
direction of the liquid crystal molecules is displaced from the
predefined direction inevitably exist because of the effects of
the horizontal electric field, etc. at the time of driving or
irregularities in the structure. In normally black displays
where the polarizers are arranged in a crossed Nicol configu-
ration, this means that dark areas appear when the display is
driven in the white display state, and the screen brightness
thus decreases. To address this problem, in a liquid crystal
display device constructed by sandwiching between two sub-
strates a liquid crystal composition containing a photopoly-
merizable or thermally polymerizable component, there is
employed a technique that polymerizes the polymerizable
component while applying a voltage, thereby defining the
direction in which the liquid crystal molecules tilt in the
presence of an applied voltage.

[0015] With this technique, however, if the polymerization
is insufficient, image sticking can occur. This is believed to
occur because the rigidity of the polymerized polymer is
insufficient and deformation occurs due to the realignment of
the liquid crystal molecules at the time of voltage application.
On the other hand, to sufficiently polymerize the polymer, the
duration of light radiation must be increased, but in that case,
take time at the time of volume production becomes a prob-
lem.

[0016] In connection with a fourth aspect of the invention,
conventional liquid crystal display devices predominantly
use the TN mode in which horizontally aligned liquid crystal
molecules are twisted between the top and bottom substrates,
but gray-scale inversion occurs in the mid gray-scale range
because the tilt angle of the liquid crystal differs depending on
the viewing direction, that is, the viewing angle. To address
this, a technique called the MVA mode has been proposed in
which vertically aligned liquid crystal molecules are tilted
symmetrically in opposite directions to compensate for the
viewing angle. In this technique, alignment control members
made of an insulating material are formed on electrodes to
control the liquid crystal tilt directions. However, since the
liquid crystal molecules tilt in 180° opposite directions on
both sides of each alignment control member, a dark line is
formed and transmittance decreases. To obtain sufficient
transmittance, it is preferable to reduce the area occupied by
the alignment control members by forming them spaced far-
ther apart, but this would in turn slow the propagation speed
of the tilt, resulting in a slow response speed.

[0017] To address this, a technique has been proposed in
which a liquid crystal composition containing a polymeriz-
able component is sandwiched between substrates and, while
applying a voltage, the polymerizable component is polymet-
ized, thereby defining the tilt direction of the liquid crystal
molecules. This achieves a faster response speed while retain-
ing the transmittance.

[0018] However, in the case of a liquid crystal display
device in which the tilt direction of the liquid crystal mol-
ecules is defined by polymerizing the polymerizable compo-
nent in the liquid crystal while applying a voltage, there arises
the problem that display unevenness occurs after the poly-
merization of the polymerizable component. because of the
separation of the liquid crystal and the polymerizable com-
ponent which occurs when the liquid crystal material is
injected at high speed at the initial stage of injection or when
there is an abrupt change in speed near a frame edge.
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[0019] 1Inconnection with a fifth aspect of the invention, in
aliquid crystal display device, it has traditionally been prac-
ticed to control the alignment direction of the vertically
aligned panel by a TFT substrate having slits in pixel elec-
trodes and a color filter substrate having insulating protru-
sions, and it has therefore been necessary to form the dielec-
tric protrusions on one of'the substrates. Fabrication of such a
liquid crystal display device therefore has involved the prob-
lem that the number of processing steps increases.

[0020] Furthermore, forming the protrusions within dis-
play pixels leads to the problem that the numerical aperture
decreases, reducing the transmittance. In view of this, it has
been proposed to control the alignment of the liquid crystal
molecules by a polymerizable component added in the liquid
crystal, in order to achieve multi-domains without using
dielectric layer protrusions. That is, the liquid crystal to which
the polymerizable component is added is injected into the
panel and, while applying a voltage, the polymerizable com-
ponent is polymerized, thereby controlling the alignment of
the liquid crystal molecules.

[0021] However, if the polymer composition that defines
the alignment direction does not have a sufficient cross-linked
structure, the polymer becomes flexible, and its restoring
force weakens. Ifthe polymer has such properties, then, when
a voltage is applied to the liquid crystal to cause the liquid
crystal molecules to tilt, and the liquid crystal is still held in
that state, the pretilt angle of the liquid crystal does not return
to its initial state even after the applied voltage is removed.
This means that the voltage-transmittance characteristic has
changed, and this defect manifests itself as a pattern image
sticking.

[0022] Inconnectionwitha sixth aspect of the invention, in
an MVA-LCD in which liquid crystals having a negative
dielectric anisotropy are vertically aligned, and in which the
alignment of the liquid crystal in the presence of an applied
voltage is controlled in a number of predefined directions,
without using a rubbing treatment but by utilizing the banks
or slits formed on the substrates, the LCD provides excellent
viewing angle characteristics compared with conventional
TN mode LCDs, but there is a disadvantage that white bright-
ness is low and the display is therefore relatively dark. The
major reason is that portions above the banks or slits corre-
spond to the boundaries across which the liquid crystal align-
ment changes, and these portions appear optically dark,
reducing the transmittance of white. To improve this, the
spacing between the banks or slits should be made sufficiently
wide, but in that case, as the number of banks or slits for
controlling the liquid crystal alignment decreases, it takes
time until the alignment stabilizes, thus slowing the response
speed.

[0023] To obtain a brighter, faster response MVA panel by
alleviating the above deficiency, it is effective to use a tech-
nique in which a liquid crystal composition containing a
polymerizable component is sandwiched between substrates
and, while applying a voltage, the polymerizable component
is polymerized, thereby defining the tilt direction of the liquid
crystal molecules. For the polymerizable component, a
monomer material that polymerizes by ultraviolet radiation
or heat is usually used. It has, however, been found that this
method has a number of problems associated with display
unevenness.

[0024] That is, as this method is a rubbing-less method, if
there occurs even a slight change in the structure or in electric
lines of force, the liquid crystal molecules may not align in the
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desired direction. As a result, there are cases where a contact
hole or the like formed outside the display area disrupts the
alignment of the liquid crystal molecules and the disruption
affects the alignment of the liquid crystal molecules within
the display area, resulting in the formation of an abnormal
domain and causing the alignment to be held in that state.
Furthermore, if structures that cause such disruptions in lig-
uid crystal molecular alignment are located in the same align-
ment sub-region, abnormal domains formed from the respec-
tive structures are concatenated, forming a larger abnormal
domain. This causes the liquid crystal molecules outside and
inside the display area to be aligned in directions other than
the desired directions, and the polymerizable component is
polymerized in that state, resulting in such problems as
reduced brightness, slower response speed, and display
unevenness. F1G. 44 is a plan view showing a pixel in the prior
art. In the pixel shown here, contact holes that cause varia-
tions in cell thickness are not located at liquid crystal domain
boundaries, and two contactholes are located within the same
alignment sub-region. As a result, an abnormal domain is
formed in such a manner as to connect the two contact holes
and, with the alignment held in this state, the polymerizable
component is polymerized, resulting in display performance
degradations such as reduced brightness, slower response
speed, and display unevenness.

[0025] Further, when a metal electrode such as a source
electrode or a Cs intermediate electrode is extended into the
display pixel, there occurs the problem of reduced numerical
aperture, and hence, reduced brightness. Moreover, ifan elec-
trode with the same potential as the pixel electrode is
extended into the display pixel, this also causes reduced
brightness, slower response speed, and display unevenness.
[0026] Inconnectionwitha seventh aspect of the invention,
while conducting studies on the technique in which a liquid
crystal composition containing a polymerizable component
is sandwiched between substrates and, while applying a volt-
age, polymerizable component is polymerized, thereby defin-
ing the tilt direction of the liquid crystal molecules, the inven-
tor et al. encountered the problem that when the same pattern
was displayed for a certain length of time, image sticking
occurred in the portion where the pattern was displayed. This
is believed to occur because the polymerization is insufficient
and the polymer deforms. On the other hand, to sufficiently
polymerize the polymer, the duration of light radiation or
heating must be increased, but in that case, tact time at the
time of volume production becomes a problem.

BRIEF SUMMARY OF THE INVENTION

[0027] The present invention aims to solve the above-enu-
merated problems of the prior art and to provide a method of
fabricating a liquid crystal display device which, during fab-
rication of the liquid crystal display device, controls the align-
ment of liquid crystal molecules when radiating light onto a
liquid crystal composition containing a photosensitive mate-
rial, and thereby achieves substantially uniform alignment of
the liquid crystal molecules and ensures stable operation. The
invention also aims to provide such a liquid crystal display
device.

[0028] To solve the above-enumerated problems, the first
aspect of the invention provides methods based on the fol-
lowing three major concepts.

[0029] 1. Avoid the effects of wiring defects by driving the
liquid crystal by applying an AC voltage and using an elec-
trical capacitance.
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[0030] 2. Avoid the effects of wiring defects by holding the
wiring lines and electrodes on the second substrate at the
same potential.

[0031] 3. Avoid the effects of wiring defects while screen-
ing TFT channel portions from light.

[0032] More specifically, based on the first concept, the first
aspect of the invention provides

[0033] (1) a method of fabricating a liquid crystal display
device, comprising:

[0034] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0035] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance to the pixel electrode;
[0036] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0037] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and

[0038] radiating light to the liquid crystal layer while
applying an AC voltage between the common electrode and
the pixel electrode by applying AC voltages to the common
electrode and the Cs bus line.

[0039] Based onthe second concept, the invention provides
[0040] (2) a method of fabricating a liquid crystal display
device, comprising:

[0041] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0042] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance to the pixel electrode;
[0043] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0044] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;

[0045] insulating the common electrode from the three bus
lines, or connecting the common electrode to the three bus
lines via high resistance; and

[0046] radiating light to the liquid crystal layer while
applying a DC voltage between the common electrode and the
pixel electrode by applying a DC voltage between the com-
mon electrode and the three bus lines (the gate bus line, the
data bus line, and the Cs bus line) formed on the second
substrate, or

[0047] (3) a method of fabricating a liquid crystal display
device, comprising:

[0048] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0049] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, a Cs bus line that
forms an electrical capacitance to the pixel electrode, and a
repair line intersecting with at least one of the data bus and
gate bus lines;
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[0050] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0051] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and

[0052] radiating light to the liquid crystal layer while
applying a DC voltage between the common electrode and the
pixel electrode by applying a DC voltage between the com-
mon electrode and the four bus lines (the gate bus line, the
data bus line, the Cs bus line, and the repair line) formed on
the second substrate, or

[0053] (4) a method of fabricating a liquid crystal display
device, comprising:

[0054] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0055] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance to the pixel electrode;
[0056] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0057] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and

[0058] connecting the common electrode, via high resis-
tances, to the three bus lines (the gate bus line, the data bus
line, and the Cs bus line, ) formed on the second substrate, and
radiating light to the liquid crystal layer while applying a DC
voltage between the common electrode and the pixel elec-
trode by applying a DC voltage between the common elec-
trode and at least one of the bus lines.

[0059] Based on the third concept, the invention provides
[0060] (5) a method of fabricating a liquid crystal display
device, comprising:

[0061] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
forming on a second substrate a gate bus line and a data bus
line arranged in a matrix array, a thin-film transistor located at
an intersection of the two bus lines, a pixel electrode connect-
ing to the thin-film transistor, and a Cs bus line that forms an
electrical capacitance to the pixel electrode;

[0062] forming a CF resin or a light blocking pattern on a
channel portion of the thin-film transistor;

[0063] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0064] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;

[0065] electrically connecting adjacent data bus lines at
both ends thereof; and

[0066] radiating light to the liquid crystal layer while
applying an AC voltage between the common electrode and
the pixel electrode by applying a transistor ON voltage to the
gate bus line and an AC voltage between the common elec-
trode and the data bus line, or

[0067] (6) a method of fabricating a liquid crystal display
device, comprising:

[0068] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
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[0069] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, a Cs bus line that
forms an electrical capacitance to the pixel electrode, and a
repair line intersecting with the data bus line;

[0070] forming a CF resin or a light blocking pattern on a
channel portion of the thin-film transistor;

[0071] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0072] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;

[0073] connectingat least one data bus line with at least one
repair line by laser radiation or another method; and

[0074] radiating light to the liquid crystal layer while
applying an AC voltage between the common electrode and
the pixel electrode by applying a transistor ON voltage to the
gate bus line and an AC voltage between the common elec-
trode and the data bus line and repair line (the repair line is at
the same potential as the data bus line).

[0075] In the second aspect of the invention, there is pro-
vided
[0076] (7) a method of fabricating a vertical alignment

liquid crystal display device, comprising:

[0077] forming a liquid crystal layer by filling a liquid
crystal composition into a gap between two substrates each
having a transparent electrode and an alignment control film
for causing liquid crystal molecules to align vertically, the
liquid crystal composition having a negative dielectric anisot-
ropy and containing a polymerizable monomer; and

[0078] polymerizing the monomer while applying a volt-
age between opposing transparent electrodes, and thereby
providing a pretilt angle to the liquid crystal molecules, and
wherein:

[0079] before polymerizing the monomer, a constant volt-
age not smaller than a threshold voltage but not greater than a
saturation voltage is applied between the opposing transpar-
ent electrodes for a predetermined period of time, and there-
after, the voltage is changed to a prescribed voltage and, while
maintaining the prescribed voltage, ultraviolet radiation or
heat is applied to the liquid crystal composition to polymerize
the monomer.

[0080] That is, when polymerizing the polymerizable
monomer, a voltage slightly higher than the threshold voltage
is applied and, after the liquid crystal molecules are tilted in
the right direction, the voltage is raised to a higher level; then,
while maintaining the voltage at the higher level, the poly-
merizable monomer is polymerized.

[0081] Inthe third aspect of the invention, there is provided
[0082] (8) a method of fabricating a liquid crystal display
device, comprising:

[0083] forming a liquid crystal layer by filling a liquid
crystal composition containing a polymerizable monomer
into a gap between two substrates each having a transparent
electrode; and

[0084] polymerizing the monomer while applying a volt-
age between opposing transparent electrodes, and thereby
providing a pretilt angle to liquid crystal molecules while, at
the same time, controlling the direction in which the liquid
crystal molecules tilt in the presence of an applied voltage,
and wherein:
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[0085] light radiation for polymerizing the polymerizable
monomer is performed in at least two steps.

[0086] In the fourth aspect of the invention, there is pro-
vided
[0087] (9) aliquid crystal display device in which a liquid

crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is photopolymer-
ized or thermally polymerized while applying a voltage,
thereby defining the direction in which liquid crystal mol-
ecules tilt in the presence of an applied voltage, wherein a
plurality of injection ports for injecting therethrough the lig-
uid crystal composition containing the polymerizable com-
ponent are formed in one side of the liquid crystal display
device, and spacing between the respective injection ports is
not larger than one-fifth of the length of the side in which the
injection potts are formed, or

[0088] (10)aliquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein a cell gap in a frame edge BM area
1s not larger than the cell gap of a display area, or

[0089] (11)aliquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein a main seal or an auxiliary seal is
formed in a frame edge BM area to eliminate a cell gap in the
frame edge BM area, or

[0090] (12)aliquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein an auxiliary seal is formed so that a
material whose concentration of the polymerizable material
relative to liquid crystal is abnormal is guided into a BM area.
[0091] Inthe fifth aspect of the invention, there is provided
[0092] (13) a method of fabricating a liquid crystal display
device, comprising:

[0093] forming a common electrode and a color filter layer
on a first substrate;

[0094] constructing a second substrate from an array sub-
strate on which are formed a gate bus line layer, a gate insu-
lating film layer, a drain bus line layer. a protective film layer,
and a pixel electrode layer;

[0095] forming fine slits in the pixel electrode layer in such
a direction that a pixel is divided by the slits into at least two
sub-regions;

[0096] forming on each of the two substrates a vertical
alignment film for vertically aligning liquid crystal mol-
ecules;

[0097] forming a liquid crystal layer by filling an n-type
liquid crystal composition having a negative dielectric anisot-
ropy into a gap between the two substrates, the liquid crystal
composition containing an ultraviolet curable resin having a
liquid crystal backbone;
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[0098] radiating ultraviolet light while applying to the lig-
uid crystal molecules a voltage not smaller than a threshold
value of the liquid crystal molecules, thereby defining the
direction in which the liquid crystal molecules tilt in the
presence of an applied voltage; and

[0099] arranging two polarizers on top and bottom surfaces
of the liquid crystal display device in a crossed Nicol con-
figuration with the absorption axes thereof oriented at an
angle of 45 degrees to the alignment directions of the liquid
crystal molecules.

[0100] Inthe sixthaspect of the invention, there is provided
[0101] (14)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein any portion where cell thick-
ness varies by 10% or more due to design constraints is
located at a liquid crystal domain boundary, or

[0102] (15)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a contact hole that connects
between a source electrode and a pixel electrode is formed at
a liquid crystal domain boundary, or

[0103] (16)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a contact hole that connects
between a Cs intermediate electrode and a pixel electrode is
formed at a liquid crystal domain boundary, or

[0104] (17)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, a pretilt angle of liquid crystal molecules and
atilt direction thereof in the presence of an applied voltage are
controlled by using a polymer that polymerizes by heat or
light radiation, and liquid crystal alignment is divided
between two or more sub-regions, wherein more than one
portion where cell thickness varies by 10% or more due to
design constraints does not exist, or

[0105] (18)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, a pretilt angle of liquid crystal molecules and
atilt direction thereofin the presence of an applied voltage are
controlled by using a polymer that polymerizes by heat or
light radiation, and liquid crystal alignment is divided
between two or more sub-regions, wherein more than one
contact hole is not formed in the same sub-region, or

[0106] (19)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a pixel electrode, a source
electrode, and a Cs intermediate electrode are connected by a
single contact hole, or

[0107] (20)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied



US 2013/0003001 A1

voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a metal electrode is wired
along a liquid crystal domain boundary within a display pixel,
or

[0108] (21)aliquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein an electrode having the same
potential as a pixel electrode is not wired in a slit portion of the
pixel electrode within a display pixel.

[0109] In the seventh aspect of the invention, there is pro-
vided a
[0110] (22) a method of fabricating a liquid crystal display

device, comprising: forming a liquid crystal layer by filling a
liquid crystal composition containing a polymerizable mono-
mer into a gap between a pair of substrates having electrodes;
and polymerizing the monomer by radiating ultraviolet light
to the liquid crystal composition while applying a prescribed
liquid crystal driving voltage between opposing electrodes,
and wherein: after polymerizing the monomer, additional
ultraviolet radiation is applied to the liquid crystal composi-
tion without applying the liquid crystal driving voltage or
while applying a voltage of a magnitude that does not sub-
stantially drive the liquid crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0111] FIG. 1 is a schematic plan view showing one
example of a liquid crystal display device fabricated accord-
ing to the prior art.

[0112] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device of FIG. 1.

[0113] FIG. 3 is a schematic plan view showing one
example of the liquid crystal display device fabricated
according to the prior art.

[0114] FIG. 4 is a graph showing one example of a TFT
threshold value shift as observed in the liquid crystal display
device fabricated according to the prior art.

[0115] FIG. 5 is a schematic plan view showing one
example of electrical coupling ina priorart TFT liquid crystal
panel.

[0116] FIG. 6 is a schematic plan view showing another
exampleof electrical coupling ina priorart TFT liquid crystal
panel.

[0117] FIG. 7 is a schematic plan view for explaining one

example of a fabrication method for a liquid crystal display
device according to the present invention.

[0118] FIG. 8 is a schematic plan view for explaining one
example of a fabrication method for a liquid crystal display
device according to the present invention.

[0119] FIG. 9 is a schematic plan view showing a liquid
crystal display device according to a first embodiment.
[0120] FIG. 10 is a graph showing the display characteris-
tics of the liquid crystal display device according to the first
embodiment.

[0121] FIG. 11 is a graph showing the display characteris-
tics of the liquid crystal display device according to the first
embodiment.

[0122] FIG. 12 is a schematic plan view showing a liquid
crystal display device according to a second embodiment.
[0123] FIG. 13 is adiagram forexplaining one method used
in a third embodiment to short a Cs bus line to a common
electrode.
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[0124] FIG. 14 is a diagram for explaining another method
used in the third embodiment to short the Cs bus line to the
common electrode.

[0125] FIG. 15 is a schematic plan view showing a liquid
crystal display device according to a fourth embodiment.

[0126] FIG. 16 is a graph showing results in a sixth embodi-
ment.
[0127] FIG. 17 is a schematic plan view showing a liquid

crystal display device according to a seventh embodiment.
[0128] FIG. 18 is a schematic plan view showing a liquid
crystal display device according to an eighth embodiment.
[0129] FIG. 19 is a schematic plan view showing a liquid
crystal display device according to a ninth embodiment.
[0130] FIG. 20 is a schematic plan view showing another
example of the liquid crystal display device according to the
ninth embodiment.

[0131] FIG. 21 is a schematic plan view showing another
example of the liquid crystal display device according to the
ninth embodiment.

[0132] FIG. 22 is a schematic plan view showing a liquid
crystal display device according to a 10th embodiment.
[0133] FIG. 23 isaschematic cross-sectional view showing
a liquid crystal display device according to an 11th embodi-
ment.

[0134] FIG. 24 is a schematic plan view showing a liquid
crystal display device according to a 12th embodiment.
[0135] FIG. 25 is a schematic plan view of a liquid crystal
panel fabricated according to a 13th embodiment.

[0136] FIG. 26 is a schematic cross-sectional view showing
one example of the liquid crystal panel of FIG. 25.

[0137] FIG. 27 is aschematic cross-sectional view showing
another example of the liquid crystal panel of FIG. 25.
[0138] FIG. 28 is a schematic plan view of a liquid crystal
panel fabricated according to a 14th embodiment.

[0139] FIG. 29 is a schematic plan view for explaining a
prior art example.

[0140] FIG. 30 is a schematic plan view for explaining a
prior art example.

[0141] FIG. 31is aschematic cross-sectional view showing
the liquid crystal panel of FIG. 30.

[0142] FIG. 32 is a schematic diagram for explaining a
prior art example.

[0143] FIG. 33 is a schematic diagram showing UV radia-
tion methods used in first and second comparative examples
and 15th to 17th embodiments.

[0144] FIG. 34 is a schematic plan view showing a liquid
crystal panel according to an 18th embodiment.

[0145] FIG. 351s aschematic cross-sectional view showing
a liquid crystal panel according to a 19th embodiment.
[0146] FIG. 36 is a schematic cross-sectional view showing
a liquid crystal panel according to a 20th embodiment.
[0147] FIG. 37 is a schematic plan view showing a liquid
crystal panel according to a 21st embodiment.

[0148] FIG. 38is aschematic cross-sectional view showing
a liquid crystal panel according to a 22nd embodiment.
[0149] FIG. 39 is a schematic plan view of the liquid crystal
panel according to the 22nd embodiment.

[0150] FIG. 40 is a schematic diagram for explaining how
the alignments of liquid crystal molecules are controlled in
the 22nd embodiment.

[0151] FIG. 41 is a process flow diagram of the 22nd
embodiment.
[0152] FIG. 42 is a schematic diagram showing equipment

used in a 23rd embodiment.
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[0153] FIG. 43 is aschematic cross-sectional view showing
a liquid crystal panel according to a 24th embodiment.
[0154] FIG. 44 is a plan view showing a pixel in a prior art
liquid crystal display device.

[0155] FIG. 45 is a diagram showing a plan view and a
cross-sectional view of a pixel in a liquid crystal display
device according to a 25th embodiment.

[0156] FIG. 46 is a diagram showing a plan view of a pixel
in a liquid crystal display device according to a 26th Embodi-
ment.

[0157] FIG. 47 is a diagram showing a plan view of a pixel
in aliquid crystal display device according to a 27th Embodi-
ment.

[0158] FIG. 48 is a diagram showing a plan view and a
cross-sectional view of a pixel in a liquid crystal display
device according to a 28th embodiment.

[0159] FIG. 49 is a schematic diagram showing a plan view
and a side view illustrating a method of additional ultraviolet
radiation according to a 29th embodiment.

[0160] FIG. 50 is a graph showing the relationship between
the amount of additional ultraviolet radiation and the image
sticking ratio according to the 29th embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0161] The first aspect of the invention discloses the fol-
lowing methods as specific implementations thereof.

[0162] 1) The method described in above item (1), wherein
the common electrode and the Cs bus line are insulated from
each other or connected via high resistance when radiating
the light to the liquid crystal layer.

[0163] 2) The method described in above item (1), wherein
after radiating the light to the liquid crystal layer, the common
electrode and the Cs bus line are electrically connected
together.

[0164] 3)The method described in above item (1), wherein
a transistor OFF voltage is applied to the gate bus line.
[0165] 4)The method described in above item (1), wherein
initially the liquid crystal layer is vertically aligned and, by
radiating the light while applying a voltage to the liquid
crystal composition containing the photosensitive material,
the average angle of the liquid crystal to an alignment film is
set smaller than a polar angle of 90°.

[0166] 5)The method described in above item (1), wherein
the AC frequency, when applying the AC voltage, is set within
arange of 1 to 1000 Hz.

[0167] 6) The method described in above item (2), wherein
adjacent gate bus lines or data bus lines are electrically con-
nected together at both ends thereof.

[0168] 7)The method described in above item (2), wherein
after radiating the light to the liquid crystal layer, the common
electrode and the Cs bus line are electrically connected
together.

[0169] 8) The method described in above item (2), wherein
initially the liquid crystal layer is vertically aligned and, by
radiating light while applying a voltage to the liquid crystal
composition containing the photosensitive material, the aver-
age angle of the liquid crystal to the alignment film is set
smaller than a polar angle of 90°.

[0170] Usually, a TFT liquid crystal panel has electrical
couplings such as shown in FIG. 5. At this time, the two
electrodes, that is, the common electrode and the pixel elec-
trode, form an electrical capacitance Clc by holding therebe-
tween such materials as the liquid crystal and alignment film.
The Cs bus line in the figure forms an electrical capacitance
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Cs between it and each pixel electrode, and controls the
amount of voltage fluctuation and the amount of charge to be
written to the pixel electrode.

[0171] Usually, the writing of a charge to the pixel electrode
is done via a thin-film transistor (TFT), and to achieve this, the
gate bus line that acts as a switch for writing and the data bus
line used to write a voltage to the pixel electrode are arranged
in a matrix form in such a manner as to sandwich the pixel
electrode between them.

[0172] Fatal pattern defects (wiring defects) that can occur
in the TFT liquid crystal panel include:

[0173] a. Gate bus line breakage

[0174] b. Data bus line breakage

[0175] c.Cs bus line breakage

[0176] d.Intra-layer short between gate bus line and Cs bus
line

[0177] e.Interlayer short between gate bus line and data bus
line

[0178] f. Interlayer short between Cs bus line and data bus
line

[0179] These defects decrease fabrication yields. To

counter these defects, redundant design techniques are
employed, and repairs are frequently done not only immedi-
ately after the formation of the pattern but also after the cell is
completed by injecting the liquid crystal. Since the defects a,
¢, and d are defects introduced in the first layer formed on the
substrate, rework is easy, and usually they are not defects that
require reworking after the cell has been completed. In par-
ticular, for the defect ¢, since the Cs bus line is a common
electrode, it is easy to form a redundant pattern, for example,
by bundling the lines at both ends of the LCD panel, as shown
in FIG. 6, and if the electrical conductivity of the film is higher
than a certain value, this defect can be avoided. On the other
hand, the defects b, e, and f are defects that often require
reworking after the cell has been completed and, when radi-
ating light to the liquid crystal, the liquid crystal cannot be
driven normally by applying a write voltage via the data bus
line.

[0180] Inview ofthis, in the method of the invention based
on the first concept, writing is performed by applying a volt-
age between the two common electrodes, rather than applying
a write voltage to the liquid crystal via the data bus line. The
above-described problem that arises when writing via the data
bus line can then be ignored to some degree.

[0181] Thereason s that, as the pixel electrode is treated as
afloating layer, it is unaffected by such defects as band e. This
is because the application of an AC voltage between the
common electrode and the Cs bus line results in the formation
of acircuit that applies an AC voltage across a series coupling
where pixel potential is approximately Cls and Cs, the
applied voltage to the liquid crystal part being given by

Applied voltage to liquid crystal part=21c/(Z1c+Zc)x
AC voltage

where Z1c and Zc are the respective impedances.

[0182] At this time, if the gate bus line voltage is floating,
the TFT is substantially OFF, and avoidance of the threshold
value shift, another object of the invention, is automatically
achieved. In practice, it is also possible to actively apply an
OFF voltage to the gate bus line; in this case, the electrical
capacitance Cgc that the gate bus line and the common elec-
trode form and the capacitance Cgs that the gate bus line and
the pixel electrode form affect the value of the applied voltage
to the liquid crystal part.
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[0183] The method of the invention based on the second
concept proposes to avoid the defects b, e, and f by applying
a DC voltage and holding the wiring lines and electrodes on
the second substrate at the same potential as specified in the
present invention.
[0184] For the defects e and f, in theory, a condition in
which the short is completely invisible can be achieved if
voltages on the data bus line, the Cs bus line, and the gate bus
line are all the same. Of course, this is intended to be achieved
only during exposure to light. For example, when a DC volt-
age of 0 V is applied to the common electrode and a DC
voltage of 5 V to the data bus line, the Cs bus line, and the gate
bus line, it follows that 5V is applied to the pixel electrode.
That is, though the data bus line and the pixel electrode are
connected via the TFT, the charge gradually flows into the
pixel electrode which is thus charged up to 5V after a suffi-
cient time. This means that the condition of common elec-
trode (0 v)—pixel electrode (5 V) is achieved, and the voltage
can thus be applied to the liquid crystal. Since liquid crystals
used for TFT displays usually have high resistance, move-
ment of ions in the liquid crystal layer can virtually be
neglected.
[0185] According to the above concept, means for avoiding
the defect b can also be obtained. That is, usually an ESD
circuit (Electrostatic Discharge circuit) is formed in a TFT
panel for protection against electrostatic discharge, as shown
in FIG. 6. This is equivalent to achieving a condition in which
the respective bus lines are connected via high resistance. As
in the case of FIG. 6, even when there is a break in a data bus
line, if there is any voltage input path on the opposite side, the
desire voltage for application can be obtained after a suffi-
cient time even if the connection is made by high resistance.
[0186] The method of the invention based on the third con-
cept is aimed at radiating light to the liquid crystal by avoiding
awiring defect while directly preventing UV radiationto TFT
channel portions. In this case, normal driving is possible
when applying a voltage to the liquid crystal. This method,
however, proposes to apply a voltage to the bus line from both
ends thereof in order to avoid the effects of a line defect. This
makes it possible to avoid the effects of the defect b.
[0187] With advances in inspection techniques in recent
years, it has become possible to detect defect coordinates with
high accuracy before the cell is completed. If only defect
coordinates can be confirmed, then a defect of type e or fcan
be converted to a defect of type b by the processing such as
shown in FIG. 7. If this repair can be done before radiating
light onto the liquid crystal, the effects of a line defect can be
avoided by combining this technique with the method pro-
posed here.
[0188] The method of the invention can also be applied to
the following cases.
[0189] First, the method can be applied to the TFT design
called the Cs-on-gate type, as shown in FIG. 8. Though the
structure shown does not have Cs bus lines, the method of the
invention based on the second or third concept can likewise be
applied to this type of design. In the case of the method of the
invention based on the first concept, when the capacitances
formed by the pixel electrode and the respective gate bus lines
are denoted by Cgs1 and Cgs2, it is expected that the applied
voltage to the liquid crystal part is substantially determined
by

Applied voltage to the liquid crystal part=Zlc/(Zlc+

ZgsxAC voltage

where Zgs is the impedance.
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[0190] Second, the method can be applied to the fabrication
process of a liquid crystal display device in which a uniform
DC voltage is applied to the liquid crystal during the fabrica-
tion thereof. For example, when determining the initial align-
ment of a ferroelectric liquid crystal, there are cases where it
is required to apply a DC voltage uniformly over the entire
surface; in such cases also, line defects may become a prob-
lem as in the case of the method of the present invention.
[0191] Third, the method can be applied to the case where
the IPS mode is combined with a photosensitive material. In
the case of IPS, the direction of the electric field formed at the
time of exposure is assumed not only between the top and
bottom substrates but also between the comb-shaped elec-
trodes. Though the method of the invention assumes that the
common electrode is formed on the first substrate, the method
can also be applied to the case where a voltage is applied
between the pixel electrode and the common electrode on the
second substrate.

[0192] In the liquid crystal display device fabricated
according to the method of the present invention, generally,
the spacing between the first and second substrates is main-
tained constant by means ofa structure supporting them or by
means of gap support members such as plastic beads as shown
in FIG. 2, and the liquid crystal material held between the two
substrates is sealed into the gap between them by fixing its
periphery with an adhesive layer.

[0193] The second aspect of the invention discloses the
following methods as specific implementations thereof.
[0194] 1) The method described in above item (7) wherein,
after a constant voltage not smaller than the threshold voltage
but not greater than the threshold voltage+1 V is applied
between the opposing transparent electrodes for a time not
shorter than 10 seconds, the voltage is changed by applying a
voltage not smaller than a voltage to be applied to produce a
white display state and, while maintaining the voltage, the
ultraviolet radiation or heat is applied to the liquid crystal
composition to polymerize the monomer.

[0195] 2) The method described in above item (7), wherein
the transparent electrode on at least one of the substrates has
a 0.5- to 5-micron fine slit structure.

[0196] 3)The method described in above item (7), wherein
the fine slit structure is formed from fine ITO slits formed in
vertical direction.

[0197] 4) The method described in above item (7), wherein
the length of each of the fine ITO slits is approximately one
half the vertical length of the pixel electrode.

[0198] 5)The method described in above item (7), wherein
the fine slit structure is formed from fine ITO slits formed in
horizontal direction.

[0199] 6) The method described in above item (7), wherein
the length of each of the fine ITO slits is approximately equal
to the horizontal length of the pixel electrode.

[0200] 7) The method described in above item (7), wherein
at least one of the substrates has 0.1- to 5-micron high pro-
trusions protruding into the gap between the substrates.
[0201] Intoday’s MVA, light transmittance is low because
banks or ITOslits are arranged in complicated manner so that,
to achieve a wider viewing angle, the liquid crystal molecules
tilt in four different directions when a voltage is applied. To
simplify this structure, a structure such as shown in FIGS. 30
and 31, in which the liquid crystal molecules tilt in two
different directions when a voltage is applied, has been con-
sidered. In MVA, the direction in which the liquid crystal
molecules tilt is sequentially defined by the electric field



US 2013/0003001 A1

formed on the banks or ITO slits in the order of increasing
distance from the banks or slits. If the spacing between the
banks or ITO slits is very wide as shown in FIGS. 30 and 31,
it takes time to propagate the molecular tilt throughout the
liquid crystal, and this greatly slows the panel response when
a voltage is applied.

[0202] In view of this, a technique has been employed in
which a liquid crystal composition containing a polymeriz-
able monomer is injected and, while applying a voltage, the
monomer is polymerized, thereby fixing the direction in
which the liquid crystal molecules tilt.

[0203] Another problem has been that since liquid crystal
molecules are caused to tilt in a direction rotated 90° from the
intended direction due to the electric field formed at a pixel
electrode edge near the data bus line, a relatively large dark
area is formed in the pixel, as illustrated in FIG. 32 which
shows the pixel observed under a microscope. In view of this,
fine slits are formed in the ITO pixel electrode on the TFT side
substrate to control the molecular alignment by means of
electric fields. When fine slits are formed in the ITO pixel
electrode, the liquid crystal molecules tilt in parallel to the
fine slits. Furthermore, since the alignment direction of all the
liquid crystal molecules is determined by the electric fields,
the effects of the electric field formed at the pixel edge can be
minimized.

[0204] When a high voltage is applied abruptly, the liquid
crystal molecules are caused to tilt wildly by electrostatic
energy. Those liquid crystal molecules that are tilted in the
direction opposite to the direction in which they should have
been tilted attempt to stand up and tilt in the right direction
because the molecules in that state are unstable from the
viewpoint of energy. It takes much elastic energy for them to
stand up and tilt in the right direction because, in the process,
they must overcome the electrostatic energy. If they cannot
overcome the electrostatic force, the liquid crystal molecules
tilted in the opposite direction will enter a metastable state
and remain in that state. However, if a voltage slightly higher
than the threshold is applied. the liquid crystal molecules
tilted in the opposite direction can be caused to stand up and
tilt in the right direction by overcoming the electrostatic
energy with small elastic energy. Once the liquid crystal
molecules are tilted in the right direction, they will not tilt in
the opposite direction ifthe voltage is raised. Therefore, when
the monomer is polymerized with the liquid crystal molecules
tilted in the right direction, the state of alignment in the right
direction is memorized, and when the voltage is applied next
time, the liquid crystal molecules will not tilt in the opposite
direction.

[0205] Inview ofthis, after the alignment is set by applying
a voltage slightly higher than the threshold voltage, if the
voltage is raised to a prescribed level and, in this condition,
the polymerizable monomer is polymerized, good molecular
alignment can be achieved.

[0206] As forthe fine ITOsslits, if the slit width is too small,
the slits may break, and conversely, if the slit width is made
too large, the liquid crystal molecules may not tilt in the
direction parallel to the slits. Further, if the fine ITO slits are
made too close together, the risk of shorts between them
increases, and conversely, if the slits are spaced too far apart,
the liquid crystal molecules may not tilt in the direction par-
allel to the slits. It 1s therefore preferable that the fine slits and
fine electrodes be each formed to have a width within a range
of 0.5 microns to 5 microns.
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[0207] The third aspect of the invention discloses the fol-
lowing methods as specific implementations thereof.

[0208] 1) The method described in above item (8), wherein
at least one of the plurality of light radiation steps is pet-
formed while applying a voltage to the liquid crystal layer.
[0209] 2) The method described in above item (8), wherein
the plurality of light radiation steps are performed without
applying a voltage, either before or after or both before and
after the light radiation that is performed in the presence of an
applied voltage.

[0210] 3) The method described in above item (8), wherein
the plurality of light radiation steps are respectively per-
formed with different light intensities.

[0211] 4) The method described in above item (8), wherein
the light radiation that is performed in the presence of an
applied voltage is performed with a light intensity of 50
mw/cm” or higher.

[0212] 5) The method described in above item (8), wherein
the light radiation that is performed without applying a volt-
age is performed with a light intensity of 50 mW/cm® or
lower.

[0213] 6) The method described in above item (8), wherein
the liquid crystal is an N-type liquid crystal, and the liquid
crystal molecules are substantially vertically aligned in the
absence of an applied voltage.

[0214] 7) The method described in above item (8), wherein
the liquid crystal display device is an active matrix LCD in
which an array of TFTs as switching devices is formed on one
of the two substrates.

[0215] 8) The method described in above item (8), wherein
the polymerizable monomer is a liquid crystalline or non-
liquid-crystalline monomer, and is polymerized by ultraviolet
radiation.

[0216] 9) The method described in above item (8), wherein
the polymerizable monomer is bifunctional acrylate or a mix-
ture of bifunctional acrylate and monofunctional acrylate.

[0217] To prevent polymer image sticking, it is preferable
that there be no residual monomers and all monomers be
polymerized. It was experimentally found that if polymeriza-
tion is performed with insufficient UV radiation or with
strong UV radiation but for a short period, unreacted mono-
mers will remain due to insufficient radiation time, and there-
fore that it is preferable to perform polymerization with low
UV strength for a sufficient period of time. However, if the
amount of radiation is increased enough that no unreacted
monomers remain, then there arises the problem that the
contrast decreases, but this problem occurs when the UV
radiation is performed in the presence of an applied voltage.
In view of this, in the present invention, the UV radiation for
polymerization is performed in a plurality of steps. By per-
forming the radiation steps, some in the presence of an
applied voltage and others in the absence of an applied volt-
age, the residual monomer problem can be solved without
excessively reducing the pretilt of liquid crystal molecules. It
is also preferable to vary the UV radiation strength between
the steps. For example, after performing the first radiation
step with low UV strength, the second radiation is performed
with high UV strength in the presence of an applied voltage,
which is followed by the radiation performed with low UV
strength. Since a plurality of panels can be processed together
in the radiation step performed in the absence of an applied
voltage, the increase in the radiation time in this step does not
become a problem; this means that the radiation time in the
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step performed in the presence of an applied voltage, which is
the rate-determining step, can be reduced by increasing the
UV radiation strength.

[0218] In the method of the present invention, pretilt
decreases during the UV radiation performed in the presence
of an applied voltage, but no change occurs in the pretilt
during the UV radiation performed in the absence of an
applied voltage. Accordingly, the UV radiation process is
divided into a plurality of steps, and the time of UV radiation
1s reduced when performing it in the presence of an applied
voltage and increased when performing it in the absence of an
applied voltage; by so doing, the pretilt angle is prevented
from becoming too large, and the monomers can be com-
pletely polymerized, leaving no unreacted monomers. Alter-
natively, if preliminary radiation is performed to slightly pro-
mote the reaction of the monomers preparatory to the UV
radiation performed in the presence of an applied voltage,
unreacted residual monomers can be further reduced.

[0219] The effect of performing the UV radiation in inter-
mittent fashion will be described below. In the case of a
TEFT-LCD, if UV is radiated from either the TFT side or the
CF side, there remain unradiated portions because of the
presence of light blocking portions. Unreacted monomers in
these portions migrate into the display area as the time
elapses, and eventually cause image sticking. However, when
a time interval is provided between the radiation steps as
described above, unreacted monomers are allowed to migrate
into the display area during that interval, and are exposed to
UV radiation, and eventually, almost all monomers hidden
behind the light blocking portions are reacted, achieving an
LCD substantially free from image sticking.

[0220] Thus, according to the present invention, a polymer-
fixed MVA-LCD having high contrast and free from image
sticking can be achieved, and besides, the time of the poly-
merization step can be reduced compared with the prior art.
[0221] The fourth aspect of the invention discloses the fol-
lowing devices as specific implementations thereof.

[0222] 1) The device described in above item (9), wherein
the injection ports are spaced away from a display edge by a
distance not greater than two-fifths of'the length ofthe side in
which the injection ports are formed.

[0223] 2) The device described in above item (10), wherein
the area where the cell gap is not larger than the cell gap of the
display area is spaced away from a cell forming seal by a
distance not greater than 0.5 mm.

[0224] 3) The device described in any one of the above
items (9) to (12), wherein the liquid crystal composition
contains a non-liquid-crystal component or a component
whose molecular weight and surface energy are different
from those of a liquid-crystal component.

[0225] 1Inthe device (9) of the present invention, to reduce
display unevenness which could occur after polymerization
of the polymerizable component due to separation of the
liquid crystal and the polymerizable component, the liquid
crystal composition must be thoroughly stirred at the initial
stage of the injection process of the liquid crystal composition
so that abnormal concentration portions of the polymerizable
component and liquid crystal will not be formed, and so that
localized increases in speed will not occur during the injec-
tion process. In the above device, this is achieved by optimiz-
ing the number of injection ports and the positions of the
injection ports.

[0226] Inthe devices (10)and (11) of the present invention,
to reduce display unevenness which could occur after poly-
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merization of the polymerizable component due to separation
of the liquid crystal and the polymerizable component, it
becomes necessary, at the initial stage of the liquid crystal
injection process, to prevent abnormal concentration portions
of the polymerizable component and liquid crystal from
forming and migrating from the frame edge into the display
area resulting in agglomeration of the abnormal portions, and
also to prevent the separation of the liquid crystal and poly-
merizable component due to increases in speed in the frame
edge portion. In the above devices, therefore, to reduce the
display unevenness, the cell thickness at the frame edge is
made not greater than that of the display area, the distance
between the frame edge and the seal is made not greater than
a predetermined value, and the frame edge portion is filled
with the auxiliary seal.

[0227] In the device (12) of the present invention, any
abnormal concentration portion of the polymerizable compo-
nent and liquid crystal is guided outside the display area
before polvmerizing the polymerizable component, thereby
preventing the occurrence of display unevenness.

[0228] According to the invention, in the liquid crystal
display device in which the polymerizable component dis-
persed in the liquid crystal is photopolymerized or thermally
polymerized while applying a voltage, thereby defining the
direction in which the liquid crystal molecules tilt in the
presence of an applied voltage, display unevenness does not
occur near the side where the injection ports for the liquid
crystal composition are formed. Accordingly, the liquid crys-
tal display device of the invention can achieve high display
quality.

[0229] The fifth aspect of the invention discloses the fol-
lowing methods as specific implementations thereof.

[0230] 1) The method described in above item (13),
wherein the step of radiating the ultraviolet light to the liquid
crystal composition injected between the two substrates is
divided in two or more steps and performed by using ultra-
violet light of different intensities.

[0231] 2) The method described in above item (13),
wherein the step of radiating the ultraviolet light to the liquid
crystal composition injected between the two substrates is
divided in two steps consisting of the step of radiating the
ultraviolet light while applying to the liquid crystal molecules
a voltage not smaller than the threshold value of the liquid
crystal molecules and the step of radiating the ultraviolet light
without applying a voltage to the liquid crystal molecules.
[0232] 3) The method described in above item (13),
wherein the step of radiating the ultraviolet light to the liquid
crystal composition injected between the two substrates is
divided in two steps and petformed by applying respectively
different voltages to the liquid crystal molecules.

[0233] 4) The method described in above item (13),
wherein the step of radiating the ultraviolet light for polymer-
izing the ultraviolet polymerizable resin contained in the
liquid crystal composition injected between the two sub-
strates is divided in two or more steps and performed by using
a plurality of ultraviolet radiation units of different light
intensities.

[0234] 5) The method described in above item (13),
wherein the ultraviolet radiation to the liquid crystal compo-
sition injected between the two substrates is applied from the
array substrate side.

[0235] 6) The method described in above item (13),
wherein the second substrate is constructed from an array
substrate on which the color filter layer is formed, the com-
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mon electrode being formed on the first substrate, and the
ultraviolet radiation to the liquid crystal composition injected
between the two substrates is applied from the first substrate
side.

[0236] According to the present invention, the polymer
material added to control the tilt angle and azimuth angle of
the liquid crystal molecules can take a structure that suitably
controls the tilt angle of the liquid crystal molecules.

[0237] For example, if light is radiated sufficiently in the
presence of an applied voltage, a rigid cross-linked structure
can be formed, but processing takes too much time, and the
cost increases because the number of processing units must
be increased for mass production or because the processing
capacity decreases.

[0238] As described above, according to the present inven-
tion, a fast response liquid crystal display device can be
achieved that is free from image sticking, has a wide viewing
angle made possible by reliable four-domain technology, pro-
vides high contrast by vertical alignment, and has the align-
ment of the liquid crystal molecules controlled using a poly-
mer.

[0239] The sixth aspect of the invention discloses the fol-
lowing devices as specific implementations thereof.

[0240] 1) The device described in any one of the above
items (14) to (21), wherein the liquid crystal layer is sand-
wiched between a substrate in which a color filter layer of red,
blue, and green is formed on a TFT substrate. and a substrate
on which a common electrode is formed.

[0241] Inthedevices(14)to(16) ofthe present invention, to
prevent the formation of an abnormal domain in the liquid
crystal and to align the liquid crystal in the desired direction,
it is essential that any area where the cell thickness varies,
which could become the start point of an abnormal domain,
be located at a domain boundary when the liquid crystal is
aligned in the desired direction. This serves to alleviate the
problems of low brightness, slow response speed, and display
unevenness caused by the presence of an abnormal domain.

[0242] Inthe devices (17) and (18) of the present invention,
if a liquid crystal domain occurs, the area of that domain must
be minimized. To achieve this, provision must be made so that
more than one structure that could become the start point of an
abnormal domain will not be contained in the same alignment
sub-region. This serves to alleviate the problems of low
brightness, slow response speed, and display unevenness
caused by the presence of an abnormal domain.

[0243] Inthe device (19) of the present invention, the num-
ber of contact holes that could become the start points of
abnormal domains is reduced to one, thus making it possible
to reduce the number of abnormal domains and increase the
numerical aperture.

[0244] TInthe device (20) of the present invention, to prevent
the numerical aperture from decreasing due to the presence of
the metal electrode within the display pixel, it is effective to
wire the metal electrode along the region within the pixel
electrode that will appear as a dark line even in the presence
of an applied voltage.

[0245] Inthe device(21) of the present invention, to prevent
the formation of an abnormal domain in the liquid crystal and
to align the liquid crystal in the desired direction, it is essen-
tial that any electrode having the same potential as the pixel
electrode be not formed in the slit portion of the pixel elec-
trode. This prevents an abnormal domain from being formed
by an electric field arising from the electrode having the same
potential as the pixel electrode, and serves to alleviate the
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problems of low brightness, slow response speed, and display
unevenness caused by the presence of an abnormal domain.
[0246] As described above, according to the present inven-
tion, in the liquid crystal display device in which the photo-
polymerizable component dispersed in the liquid crystal is
photopolymerized while applying a voltage, thereby defining
the direction in which the liquid crystal molecules tilt in the
presence of an applied voltage, it becomes possible to prevent
the formation of abnormal domains in the liquid crystal and
align the liquid crystal in the desired direction, and the liquid
crystal display device of the invention can thus achieve high
display quality.

[0247] The seventh aspect of the invention discloses the
following methods as specific implementations thereof.
[0248] 1) The method described in above item (22),
wherein the additional ultraviolet radiation is applied using
ultraviolet light whose wavelength is different from that of the
ultraviolet light used for the polymerization of the monomer
before the application of the additional ultraviolet radiation.
[0249] 2) The method described in above item (22),
wherein the ultraviolet light used in the additional ultraviolet
radiation has a spectrum having a maximum energy peak at
310 to 380 nm.

[0250] 3) The method described in above item (22),
wherein the ultraviolet light used in the additional ultraviolet
radiation has a spectrum having a maximum energy peak at
350 to 380 nm.

[0251] 4) The method described in above item (22),
wherein the ultraviolet light used in the additional ultraviolet
radiation has a spectrum having a maximum energy peak at
310 to 340 nm.

[0252] 5) The method described in above item (22),
wherein the additional ultraviolet radiation is applied for 10
minutes or longer.

[0253] 6) The method described in above item (22),
wherein substrate surfaces are treated for vertical alignment
in accordance with a vertical alignment mode, and liquid
crystals in a non-display area also are substantially vertically
aligned.

[0254] In the method of the present invention, after per-
forming the polymerization step for alignment control, addi-
tional ultraviolet radiation is applied as an aftertreatment to
react residual monomers. The additional radiation is per-
formed by only radiating ultraviolet light to the liquid crystal
component, without driving the liquid crystal panel. The
radiation should be applied for a relatively long time by using
light that efficiently emits ultraviolet light only of a wave-
length necessary for polymerization (i.e., the light that does
not contain visible light components, etc.) and whose inten-
sity is not very strong. Generally, a radiation time of 10
minutes to 24 hours is preferred, though it depends on the
intensity of the ultraviolet light used. In this method, since the
radiated light contains hardly any wavelength components
longer than the ultraviolet light, the radiation does not cause
a temperature rise and it becomes possible to radiate light at
an effective wavelength with a relatively strong intensity. As
aresult, residual monomers can be polymerized without caus-
ing a temperature rise, and a panel virtually free from image
sticking can be achieved. Furthermore, since the additional
ultraviolet radiation does not require driving the panel butcan
be implemented using a simple apparatus, many such radia-
tion apparatuses can be installed so that many panels can be
treated at the same time even when radiation takes a long
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time; accordingly, the additional ultraviolet radiation does not
affect the overall time of the panel fabrication process and
degrade the productivity.

Embodiments

[0255] The first aspect of the invention will be described
further with reference to specific embodiments thereof.

Embodiment 1

[0256] Asshownin FIG. 9, gate bus lines and data bus lines
are arranged in an matrix array on a first substrate, and the
respective bus lines are bundled at one end. A TFT is located
at each intersection of the bus lines, and a pixel electrode is
formed via the TFT. On a second substrate on the opposite
side is formed a common electrode which forms an electrical
capacitance to each of the pixel electrodes, and a pad for
applying a voltage to it is drawn out in the lower left corner.
[0257] The pixel electrodes also form a layer called a Cs
bus line and an auxiliary capacitance Cs within the first sub-
strate. It can be said that the Cs bus line is another common
electrode. The Cs bus line is drawn out as a pad (Cs) in the
upper right corner.
[0258] Thecross section of the thus constructed liquid crys-
tal panel is the same as that shown in FIG. 2; here, the first
substrate corresponds to the bottom substrate and the second
substrate to the substrate on which color filters are deposited.
[0259] On the surface of each substrate is formed an align-
ment film that determines the initial alignment of the liquid
crystal (the liquid crystal alignment before the liquid crystal
is exposed to light radiation); in the illustrated example, a
polyimide alignment film exhibiting vertical alignment is
used.
[0260] Here, a liquid crystal material that has a negative
dielectric anisotropy A€ of -3 to -5, and to which a trace
amount (0.1 to 1.0%) of liquid crystalline acrylic material
exhibiting photosensitivity has been added, is used as the
liquid crystal.
[0261] Inthe thus constructed liquid crystal panel, when an
AC voltage (rectangular wave) of £20 V is applied to the
common electrode pad (C) and 0V to the pad (Cs), the voltage
applied to the liquid crystal part, as earlier described, is given
by

Z1c/(Z1 c+Ze)xAC voltage

Ifthe liquid crystal capacitance C1¢=250 {F and the auxiliary
capacitance Cs=250 {F, then it can be seen from calculation
that a voltage of about £10 V has been applied to the liquid
crystal part. When UV radiation is applied to theliquid crystal
panel in this condition, the liquid crystalline acrylic material
polymerizes by tilting in the direction in which the liquid
crystal molecules are tilted.

[0262] By removing the applied voltage after the radiation,
a condition in which the initial alignment is slightly tilted
from the vertical alignment can be achieved. The display
characteristics of the completed panel are shown in FIGS. 10
and 11; as can be seen, the characteristics are influenced by
the voltage applied when polymerizing the liquid crystalline
acrylic material, and when the AC voltage (rectangular wave)
of 20V is applied, a panel having a white brightness of 320
cd/m? and a black brightness of 0.53 cd/m? (backlight of 5000
cd/m?) can be obtained.

Embodiment 2

[0263] Compared with the structure of the first embodiment
shown in FIG. 1, the common electrode and the Cs bus line are
completely insulated from each other in the structure shown
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in FIG. 12 (generally, they are short-circuited using conduc-
tive particles or silver paste). It is preferable to completely
insulate the common electrode from the Cs bus line as illus-
trated here, because deterioration of the applied AC voltage
can then be alleviated.

[0264] Inparticular, the resistance per Cs bus line is often of
the order of several thousand ohms and, depending on the
magnitude of leakage, the applied voltage drops.

Embodiment 3

[0265] As described, above, it is desirable that the common
electrode and the Cs bus line be electrically insulated from
each other, considering the voltage application when expos-
ing the liquid crystal to radiation. This method, however,
requires that a separate pattern from the voltage supply pat-
tern to the Cs bus line be formed for the common electrode
that needs to be supplied with currents from the four sides.
[0266] Inview ofthis, if the common electrode is shorted to
the Cs bus line after the radiation, as shown in the example
shown here, supply of currents from the four sides can be
easily accomplished.

[0267] More specifically, as shown in the example of FIG.
13, portions that can be shorted using a laser are provided in
advance within the panel structure. For this purpose, it is
generally practiced to electrically connect the top and bottom
substrates by using silver paste or conductive spacer means.
[0268] On the other hand, in the example shown in FIG. 14,
the connection is made at the terminal side. In the example
shown here, the connection between the common electrode
and the Cs bus line is made outside the panel.

Embodiment 4

[0269] Ina liquid crystal panel having the structure shown
in FIG. 15 which is similar to that of the first embodiment, an
AC voltage (rectangular wave) of +8 V is applied to the
common electrode pad (C) and 0 V to the pad (Cs), and
further, -5V is applied to the gate bus line.

[0270] As earlier described, the voltage applied to the lig-
uid crystal part is given by

Zlc/(Z1c+Ze)x AC voltage

[0271] With the voltage applied to the gate bus line, the
current that flows from the transistor to the data bus line can
be suppressed.

[0272] As in the first embodiment, when UV radiation is
applied to the liquid crystal panel, the liquid crystalline
acrylic material polymerizes by being dragged in the direc-
tion in which the liquid crystal molecules are tilted.

Embodiment 5

[0273] The foregoing embodiments have been described
specifically dealing with the case of the liquid crystal to which
a liquid crystalline acrylic material has been added. It will,
however, be recognized that any of the methods described in
the above embodiments can be applied to a panel, such as a
polymer-dispersed liquid crystal display panel, that contains
a photosensitive material, or to ferroelectric panel that needs
treatment for alignment.

Embodiment 6

[0274] In the method of the first embodiment, if the fre-
quency of the AC voltage applied is high, the high resistance
ofthe Cs bus line becomes a problem, and insufficient writing
results. Conversely, if the frequency is low, voltage leaks
occur at high resistance connection portions, resulting in an
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inability to write a uniform voltage over the entire surface of
the panel. Considering that the wiring resistance varies
depending on the material, etc., the relationship between the
frequency and brightness was measured while varying the
applied AC voltage. The results are shown in FIG. 16. As can
be seen, it is preferable to set the AC frequency of the AC
voltage within the range of about 1 Hz to 1 kHz.

Embodiment 7

[0275] This embodiment concerns an example in which a
wiring defect is made invisible by applying a DC voltage
while holding the wiring lines and electrodes on the second
substrate at the same potential.

[0276] In this example, the DC voltage is applied between
the common electrode and the three bus lines. Here, 10V is
applied to the common electrode, and 0 V is applied to the
three bus lines. Then, as the voltage actually applied to the
liquid crystal is the same as the model explained in the
description of the first embodiment, a panel having substan-
tially the same display characteristics (white brightness of
320 cd/m® and black brightness of 0.53 cd/m”) can be
obtained. Needless to say, in this case, shorts between the bus
lines, etc. do not present any problem because they are held at
the same voltage.

Embodiment 8

[0277] Thisembodiment is the same as the seventh embodi-
ment, except that the data bus lines are bundled at the opposite
ends as well, as shown in FIG. 18. With this arrangement, if
there is a break in a data bus line, the voltage can be supplied
from the opposite end. In this case, the bundled portion should
be separated afterwards by cutting the glass.

Embodiment 9

[0278] One method of avoiding the cutting process in the
eighth embodiment is to connect the data bus lines via high
resistance at the opposite end as shown in FIG. 19, instead of
bundling them together. In the case of a DC voltage, if a
sufficient time elapses, the potential can be equalized despite
the presence of high resistance connections, as explained in
connection with FIG. 5. Using this, it is also possible to apply
a Dc voltage by forming a pattern such as shown in FIG. 20 or
21.

[0279] InFIG. 20, the data bus lines, the gate bus lines, the
Cs bus lines (including the repair line described later), and the
common electrode are all connected via high resistance such
as ESD circuits. In this example, radiation is applied to the
liquid crystal while applying 10 V to the data bus lines, 10V
to the gate bus lines (including the repair line described later),
and 0 V to the common electrode.

[0280] InFIG. 21, the data bus lines, the gate bus lines, and
the Cs bus lines (including the repair line described later) are
all connected via high resistance such as ESD circuits. How-
ever, these bus lines are insulated from the common electrode.
In this example, radiation is applied to the liquid crystal while
applying 10V to the data bus lines, and 0 V to the common
electrode.

[0281] Ineach of the examples of FIGS. 20 and 21, the bus
lines on the second substrate are all held at the same potential.

Embodiment 10

[0282] Inthis embodiment, voltages are applied not only to
the data bus lines, gate bus lines, Cs bus lines, and common
electrode, but also to the repair line, as shown in FIG. 22.
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[0283] The repair line is usually formed at both ends of the
data bus lines or at the end opposite from the signal input end.
In the device shown in the figure, the repair line is located at
the end opposite from the signal input end.

[0284] Inatypical example of repair, any defect, including
a line defect caused by an interlayer short, is converted to a
defect of type b (data bus line breakage), as explained with
reference to FIG. 7, and the defective line is connected to the
repair line, as shown in FIG. 20. In this case, since the voltage
from the signal input end does not propagate beyond the
broken point, the voltage may be rerouted via an ESD circuit
or the like within the panel, as in other embodiments earlier
described, but compared with that method, applying a voltage
directly to the repair line is a much more reliable method.
[0285] Based on the above concept, in the device of FIG.
22, a voltage is applied to the repair line directly or via a high
resistance connection. In the figure, the bus lines and the
TFTs are arranged on the second substrate. A transparent
electrode as the common electrode is formed on the first
substrate. An alignment film is formed on each substrate by
printing, spinning, or other techniques. Liquid crystal with a
trace amount of liquid crystalline acrylic material added to it
is sandwiched between the two substrates.

[0286] Next, 0V is applied to the common electrode, while
a DC voltage of 10 V is applied to the portions connected via
high resistance to the gate bus lines, data bus lines, and repair
line. After applying the voltage to the liquid crystal in this
way, UV radiation is applied to the liquid crystal part.

Embodiment 11

[0287] This embodiment concerns an example in which a
CF-ON-TFT structure is employed as the panel structure, as
shown in FIG. 23. As previously shown in FIG. 4, a shift in
TFT threshold value occurs when ultraviolet radiation is
directly applied when the TFTs are ON. When color filters are
formed on the TFT substrate in such a manner as to cover the
TFTs, most of the ultraviolet radiation falling on the substrate
can be cut off, as a result of which shifting in the threshold
value can be suppressed.

[0288] In FIG. 23, the TFTs are arranged on the second
substrate, and the color filters are formed over the TFTs, on
top of which pixel electrodes are formed. A transparent elec-
trode as the common electrode is formed on the first substrate.
An alignment film is formed on each substrate by printing,
spinning, or other techniques. Liquid crystal with a trace
amount of liquid crystalline acrylic material added to it is
sandwiched between the two substrates.

[0289] Next, 0V isapplied to the common electrode and 20
V to the gate bus lines, while an 30-Hz AC square wave
voltage of £10 V is applied to the data bus lines. The data bus
lines are bundled at both ends, as shown in FIG. 18.

[0290] After applying the voltage to the liquid crystal in this
way, UV radiation is applied from the first substrate side.

Embodiment 12

[0291] This embodiment concerns an example in which not
only is a light blocking film formed on the TFTs in order to
suppress the shifting in TFT threshold, but the same signal as
input to the data bus lines is applied to the repair line, as
shown in FIG. 24, in order to apply a voltage uniformly to a
line defect portion as well. As in the 11th embodiment, the
TFTs are arranged on the second substrate, and the color
filters are formed over the TFTs, on top of which pixel elec-
trodes are formed. A transparent electrode as the common
electrode is formed on the first substrate. An alignment film is
formed on each substrate by printing, spinning, or other tech-
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niques. Liquid crystal with a trace amount of liquid crystal-
line acrylic material added to it is sandwiched between the
two substrates.

[0292] Next, 0V isapplied to the common electrode and 20
V to the gate bus lines, while an 30-Hz AC square wave
voltage of 10V is applied to the repair line as well as to the
data bus lines. Here, the repair line is connected to the bus line
to be repaired.

[0293] After applying the voltageto the liquid crystal in this
way, UV radiation is applied from the first substrate side.
[0294] Next, the second aspect of the invention will be
described with reference to specific embodiments thereof. In
each of the following embodiments, the display device uses
vertical alignment films and a liquid crystal material having a
negative dielectric anisotropy, and since the polarizers are
arranged in a crossed Nicol configuration and attached to both
sides of theliquid crystal panel, the display device is normally
black. The polarization axis of each polarizer is oriented at
45° to the bus lines. The panel size is 15 inches in diagonal,
and the resolution is XGA. Liquid crystalline acrylate mono-
mer UCL-001 manufactured by Dainippon Ink and Chemi-
cals, Inc. was used as the polymerizable monomer, and a
liquid crystal material having negative A€ was used as the
liquid crystal.

Embodiment 13

[0295]  Aliquid crystal panel having an ITO pattern such as
shown in FIG. 25 was fabricated.

[0296] Since the gap between the data bus line and the ITO
is approximately equal to the width of each fine 1TO slit,
liquid crystal molecules tilt in the direction parallel to the data
bus line even in the portion corresponding to the gap between
the data bus line and the ITO, that is, all the liquid crystal
molecules tilt in the same direction, preventing the formation
of dark areas. To achieve symmetrical viewing angle charac-
teristics, the area where the liquid crystal molecules tilt
toward the top of FIG. 23 and the area where the liquid crystal
molecules tilt toward the bottom of FIG. 25 are substantially
equal in size.

[0297] In FIG. 25, the fine electrodes are connected
together at the center of the pixel. As shown in FIG. 26 which
is a cross-sectional view showing one example of the device
of FIG. 25, the direction in which the liquid crystal molecules
tilt can be controlled by an electric field alone, but as shown
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14

in FIG. 27 which is a cross-sectional view showing another
example of the device of FIG. 25, protruding banks may be
formed in order to more clearly define the direction in which
the liquid crystal molecules tilt. Instead of providing the
banks, the alignment film may be rubbed in the direction
shown, or an optical alignment technique may be used.
[0298] A voltage 0.1 V higher than the threshold voltage
was applied to the liquid crystal composition filled into the
panel, and one minute was allowed to pass; then, after con-
firming by observation under a microscope that the alignment
had been controlled in the desired direction, the voltage was
raised to 3 V ata rate of 0.01 V per second, and thento 10V
at a rate of 0.1 V per second, and with the voltage of 10 V
applied, ultraviolet radiation was applied to polymerize the
monomer. The fabrication of a liquid crystal panel free from
alignment disruptions was thus achieved.

Embodiment 14

[0299] A liquid crystal panel having an ITO pattern such as
shown in FIG. 28 was fabricated.

[0300] A voltage 0.1 V higher than the threshold voltage
was applied to the liquid crystal composition filled into the
panel, and one minute was allowed to pass to allow the align-
ment of the liquid crystal molecules to stabilize; after that, the
voltage was raised to 3 V at a rate of 0.01 V per second, and
thento 10V atarate of 0.1 V per second, and with the voltage
of 10V applied, ultraviolet radiation was applied to polymer-
ize the monomer. The fabrication of a liquid crystal panel free
from alignment disruptions was thus achieved.

[0301] Next, the third aspect of the invention will be
described with reference to specific embodiments thereof.

[0302] Embodiments 15 to 17 and Comparative Examples
land2
[0303] Embodiments of the present invention, each using a

15-inch XGA-LCD, are shown in FIG. 33 for comparison
with comparative examples fabricated according to the prior
art method. An N-type liquid crystal material having negative
AE was used as the liquid crystal. Liquid crystalline acrylate
monomer UCL-001 manufactured by Dainippon Ink and
Chemicals, Inc. was used as the polymerizable monomer. The
concentration of the monomer in the liquid crystal composi-
tion was 0.1 to 2% by weight. A photopolymerization initiator
was added at a concentration of 0to 10% relative to the weight
of the monomer. The UV radiation conditions and the
obtained results are shown in Table 1.

TABLE 1

RA-

DIA-

TION

1ST UV RADIATION 2ND UV RADIATION 3RD UV RADIATION TIME

UV AMOUNT UV AMOUNT UV AMOUNT WITH

INTEN- OF UV INTEN- OFUV INTEN- OF UV AP-

VOLT- SITY RADIA- VOLT- SITY RADIA- VOLT- SITY RADIA- PLIED

AGE  (mW/ TION AGE  (mW/ TION AGE  (mW/ TION BURN- CON- VOLT-

EXAMPLE NO. Run V) em?)  (ml/em?) V) em?)  (mllem?) V) em?)  (ml/em?) IN TRAST AGE
EMBODIMENT 0 10 100 4000 0 10 4000 — — — 7% 600 40
15 ) 10 100 4000 0 10 6000 — — — 6% 600 40
0 10 100 4000 0 10 8000 — — — 6% 600 40
e 10 10 2000 0 100 4000 — — — 8% 700 200
e 10 10 2000 0 100 6000 — — — 7% 700 200
@ 10 10 2000 0 100 8000 — — — 7% 700 200
EMBODIMENT 0 0 10 500 10 100 4000 — — — 9% 700 40
16 @ 0 10 1000 10 100 4000 — — — 9% 700 40
EMBODIMENT @ 0 10 500 10 100 4000 0 10 4000 7% 700 40
17 @ 0 10 500 10 100 4000 0 10 6000 6% 700 40
@ 0 10 500 10 100 4000 0 10 8000 6% 700 40



US 2013/0003001 Al Jan. 3, 2013
TABLE 1-continued
RA-
DIA-
TION
1ST UV RADIATION 2ND UV RADIATION 3RD UV RADIATION TIME
UV AMOUNT UV AMOUNT UV AMOUNT WITH
INTEN-  OF UV INTEN- OFUV INTEN-  QF UV AP-
VOLT SITY RADIA- VOLT- SITY RADIA- VOLT- SITY  RADIA- PLIED
AGE (mW/ TION AGE (mW/ TION AGE (mW/  TION BURN- CON- VOLL
EXAMPLE NO. Run % em?)  (mlfem?) (V) em?)  (mlfe?) (V) em?)  (mJem® IN  TRAST AGE

COMPARATIVE 10 10 4000 — — — — — — 18% 600 400
EXAMPLE 1

COMPARATIVE 10 10 8000 — — — — — — 6% 300 800
EXAMPLE 2

[0304] Inthe first comparative example, the applied voltage tween. An acrylic photopolymerizable component exhibiting

during UV radiation was 10 V, the UV intensity was 10
mW/cm?, and the amount of radiation was 4000 mJ/ecm?>. The
radiation time was about 400 seconds, and a contrast of about
600 was obtained. but residual monomers were left and the
image sticking was as large as 18%. When the amount of UV
radiation was increased to 8000 mJ/cm?, as in the second
comparative example, the image sticking decreased to 6%;
however, in this case, the contrast decreases, and the radiation
time becomes as long as about 800 seconds.

[0305] The method of the 15th embodiment is a method in
which a voltage of 10V is applied during the first radiation to
provide a desired pretilt, and the second radiation is per-
formed without applying an electric field to eliminate residual
monomers. As shown in Table 1, the first radiation was pet-
formed by applying high intensity UV in some examples and
low intensity UV in others; in the case of the high intensity
UV radiation (100 mW/m?), the radiation time, with an
applied voltage, was about 40 seconds, and good results were
obtained for both the image sticking and the contrast. On the
other hand, in the case of the low intensity UV radiation (10
mW/m?), the radiation time, with an applied voltage,
increased up to 200 seconds, but it was not longer than one
half the time required in the comparative examples, and good
results were obtained for both the image sticking and the
contrast.

[0306] In the method of the 16th embodiment, the first
radiation is performed without applying an electric field, but
the second radiation is performed while applying a voltage.
More specifically, the first radiation is performed by applying
a small amount of radiation to cause the monomers to react to
a certain extent, thereby making the monomers in unradiated
areas easier to react and, thereafter, UV radiation is applied in
the presence of an applied voltage. Since post-radiation is not
performed, the image sticking somewhat increases, but the
contrast is further improved.

[0307] In the method of the 17th embodiment, both the
post-radiation and pre-radiation are performed. Good results
were obtained for both the image sticking and the contrast.
[0308] Next, the fourth aspect of the invention will be
described with reference to specific embodiments thereof.

Embodiment 18

[0309] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer and a
common electrode were formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-um diameter spacers interposed therebe-

the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cell to fabricate a liquid crystal panel. As shown in FIG. 34,
the panel was provided with three injection ports which were
formed in positions 68 mm to 80 mm, 110 mm to 122 mm, and
152 mm to 164 mm, respectively, on a 232-mm long side.
[0310] A gatevoltage of30VDC, adata voltage of 10 VDC,
and a common voltage of 5 VDC were applied to the panel to
cause the liquid crystal molecules in the panel to tilt, and in
this condition, 300-nm to 450-nm ultraviolet radiation of
2000 mJ/cm? was applied from the common substrate side.
The ultraviolet polymerizable monomer was thus polymer-
ized. Next, polarizers were attached to complete the fabrica-
tion of the liquid crystal panel. It was confirmed that the thus
fabricated liquid crystal panel achieved a high display quality
free from display defects such as display unevenness in the
corners.

Embodiment 19

[0311] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer and a
common electrode were formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-pm diameter spacers interposed therebe-
tween. An acrylic photopolymerizable component exhibiting
the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cell to fabricate a liquid crystal panel. As shown in FIG. 35,
the BM portion of the panel frame edge was formed by
laminating CF resin layers; the cell gap at this portion was 2.4
um (the cell gap in the display area was 4.0 um) and the
distance to the seal was 0.2 mm.

[0312] A gatevoltage of 30VDC, a data voltage of 10 VDC,
and a common voltage of 5 VDC were applied to the panel to
cause the liquid crystal molecules in the panel to tilt, and in
this condition, 300-nm to 450-nm ultraviolet radiation of
2000 mJ/cm? was applied from the common substrate side.
The ultraviolet polymerizable monomer was thus polymer-
ized. Next, polarizers were attached to complete the fabrica-
tion of the liquid crystal panel. It was confirmed that the thus
fabricated liquid crystal panel achieved a high display quality
free from display defects such as display unevenness in the
corners.
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[0313] 1Inthe above structure, it will be appreciated that the
same effect can be obtained if a CF resin film is deposited on
ametal BM of Cr or the like instead of forming the panel BM
portion by laminating the resin layers.

Embodiment 20

[0314] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer and a
common electrode were formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-um diameter spacers interposed therebe-
tween. An acrylic photopolymerizable component exhibiting
the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cellto fabricate a liquid crystal panel. As shown in FIG. 36, an
auxiliary seal was formed on the BM portion of the panel
frame edge, to eliminate the cell gap at the BM portion of the
frame edge.

[0315] A gatevoltage of 30 VDC, a data voltage of 10 VDC,
and a common voltage of 5 VDC were applied to the panel to
cause the liquid crystal molecules in the panel to tilt, and in
this condition, 300-nm to 450-nm ultraviolet radiation of
2000 mJ/cm* was applied from the common substrate side.
The ultraviolet polymerizable monomer was thus polymet-
ized, and a polymer network was formed within the panel.
Next, polarizers were attached to complete the fabrication of
the liquid crystal panel. It was confirmed that the thus fabri-
cated liquid crystal panel achieved a high display quality free
from display defects such as display unevenness in the cor-
ners.

Embodiment 21

[0316] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer and a
common electrode were formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-um diameter spacers interposed therebe-
tween. An acrylic photopolymerizable component exhibiting
the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cell to fabricate a liquid crystal panel. As shown in FIG. 37,
pockets were formed in the BM portion of the panel frame
edge by using auxiliary seals, to allow liquid crystals of
abnormal concentrations to enter these pockets.

[0317] A gatevoltage of 30 VDC, a data voltage of 10 VDC,
and a common voltage of 5 VDC were applied to the panel to
cause the liquid crystal molecules in the panel to tilt, and in
this condition, 300-nm to 450-nm ultraviolet radiation of
2000 mJ/cm? was applied from the common substrate side.
The ultraviolet polymerizable monomer was thus polymer-
ized. Next, polarizers were attached to complete the fabrica-
tion of the liquid crystal panel. It was confirmed that the thus
fabricated liquid crystal panel achieved a high display quality
free from display defects such as display unevenness in the
corners.

[0318] Next, the fifth aspect of the invention will be
described with reference to specific embodiments thereof.
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Embodiment 22

[0319] A cross-sectional view of the panel of this embodi-
ment is shown in FIG. 38. The layer structure of the TFT
substrate comprises, from the bottom to the top, a gate metal
layer of AI—Nd/MoN/Mo, a gate insulating film of SiN, an
a-Si layer, a drain metal layer of n+/Ti/Al/MoN/Mo, a pro-
tective film layer of SiN, and a pixel electrode layer of ITO.
The structure of the CF substrate comprises a color filter layer
of red, blue, and green and an ITO film layer that forms the
common electrode. FIG. 39 shows a plan view of this panel.
According to this pixel electrode pattern, when a voltage is
applied, liquid crystal molecules tilt in four different direc-
tions a, b, ¢, and d, as shown in the figure. This achieves a wide
viewing angle. The common electrode made of TTO is formed
on one of the opposing substrates. A vertical alignment film
was deposited on each of the two substrates, spacer beads
were applied to one of the substrates, a panel periphery seal
was formed on the other substrate, and the two substrates
were laminated together. Liquid crystal was injected into the
thus fabricated panel. A negative-type liquid crystal material
having a negative dielectric anisotropy, with 0.2 weight per-
cent of ultraviolet curable monomer added to it, was used as
the liquid crystal. Ultraviolet radiation was applied to the
panel, in the presence of an applied voltage, to control the
alignment of the liquid crystal. FIG. 40 shows how the liquid
crystal alignment is controlled by the polymer. In the initial
state where no voltage is applied, the liquid crystal molecules
are aligned vertically, and monomers exist as monomers.
When a voltage is applied, the liquid crystal molecules tilt in
the directions defined by the fine pattern of the pixel elec-
trode, and the monomers tilt in like manner. When ultraviolet
radiation is applied in this condition, the tilted monomers are
polymerized, thus controlling the alignment of the liquid
crystal molecules.

[0320] Vbltage application and ultraviolet radiation pat-
terns such as shown in FIG. 41 can be employed here. In the
figure, high intensity ultraviolet radiation refers to the radia-
tion 0f 300-nm to 450-nm ultraviolet light with an intensity of
30 mW orhigher, and low intensity ultraviolet radiation refers
to the ultraviolet radiation with an intensity of 30 mW or
lower. Further, a high voltage means a voltage applied to the
liquid crystal layer that is equal to or greater than the thresh-
old voltage of the liquid crystal, and low voltage means a
voltage that is equal to or lower than the threshold voltage of
the liquid crystal, or means no application of voltage.

[0321] The thus fabricated liquid crystal panel was a high
quality panel having high brightness and wide viewing angle
and free from image sticking.

Embodiment 23

[0322] To implement the panel fabrication method of the
22nd embodiment, manufacturing equipment comprising
two ultraviolet radiation units connected together was used as
shown in FIG. 42; here, the first unit can radiate ultraviolet
light while applying a voltage, and the second unit has a
structure that applies ultraviolet radiation to the panel while
transporting the panel on transport rollers. With this equip-
ment, a high throughput, space-saving fabrication of the panel
can be achieved.

Embodiment 24

[0323] A cross-sectional view of the panel of this embodi-
ment is shown in FIG. 43. A color filter layer and an overcoat
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layer are formed over the TFT array, and high transmittance
of light can be achieved with this structure.

[0324] Next, the sixth aspect of the invention will be
described with reference to specific embodiments thereof.

Embodiment 25

[0325] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer and a
common electrode were formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-pm diameter spacers interposed therebe-
tween. An acrylic photopolymerizable component exhibiting
the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cell to fabricate a liquid crystal panel. FIG. 45 shows a plan
view and a cross-sectional view of a pixel in the thus fabri-
cated panel; as shown, the source electrode/pixel electrode
contact hole and the Cs intermediate electrode/pixel electrode
contact hole are both located at a liquid crystal domain bound-
ary formed by pixel slits. This structure serves to prevent the
formation of abnormal domains resulting from the contact
holes, and the thus fabricated liquid crystal display device
does not contain any abnormal domains and has a high dis-
play quality free from display unevenness and degradations in
brightness and response speed characteristics.

Embodiment 26

[0326] TFT devices, data bus lines, gate bus lines, and pixel
electrodes were formed on one substrate. A color layer, a
common electrode, and alignment controlling banks were
formed on the other substrate. An empty cell was fabricated
by laminating the two substrates together with 4-um diameter
spacers interposed therebetween. An acrylic photopolymer-
izable component exhibiting the nematic liquid crystalline
state was mixed in an amount of 0.3 weight percent into a
negative-type liquid crystal material, and the thus prepared
liquid crystal composition containing the photopolymeriz-
able component was injected into the cell to fabricate a liquid
crystal panel. FI1G. 46 shows a plan view of a pixel in the thus
fabricated panel; as shown, the source electrode/pixel elec-
trode contact hole and the Cs intermediate electrode/pixel
electrode contact hole are both located at the crossing por-
tions of the banks which correspond to the boundaries of the
liquid crystal domains. The portions of the source electrode
and the Cs intermediate electrode which are extended into the
display area run along the liquid crystal domain boundaries
deliberately formed by the pixel electrode slits, and these
portions do not cause abnormal domains, nor do they lower
the numerical aperture. The thus fabricated liquid crystal
display device does not contain any abnormal domains and
has a high display quality free from display unevenness and
degradations in brightness and in response speed character-
istics.

Embodiment 27

[0327] A liquid crystal panel was fabricated in the same
manner as in the 25thembodiment. FIG. 47 shows a plan view
of a pixel; as shown, the source electrode/pixel electrode
contact hole and the Cs intermediate electrode/pixel electrode
contact hole are located in different alignment sub-regions,
and if any of them becomes a starting point of an abnormal
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domain, it will not cause interactions that could lead to the
formation of an abnormal domain over a wider area. The thus
fabricated liquid crystal display device contains few abnor-
mal domains and has a high display quality virtually free from
display unevenness and degradations in brightness and in
response speed characteristics.

Embodiment 28

[0328] TFT devices, data bus lines, gate bus lines, a color
layer, and pixel electrodes were formed on one substrate. A
common electrode was formed on the other substrate. An
empty cell was fabricated by laminating the two substrates
together with 4-pm diameter spacers interposed therebe-
tween. An acrylic photopolymerizable component exhibiting
the nematic liquid crystalline state was mixed in an amount of
0.3 weight percent into a negative-type liquid crystal mate-
rial, and the thus prepared liquid crystal composition contain-
ing the photopolymerizable component was injected into the
cell to fabricate a liquid crystal panel. FIG. 48 shows a plan
view and a cross-sectional view of a pixel in the thus fabri-
cated panel; as shown, a contact hole where cell thickness
varies, which could cause an abnormal domain, is located ata
liquid crystal domain boundary. Further, the pixel electrode,
the source electrode, and the Cs intermediate electrode are
connected via one contact hole and, thus, the cause of abnor-
mal domains is eliminated and the numerical aperture
increased. The source electrode is wired along a liquid crystal
domain boundary deliberately formed by pixel electrode slits
and located outside the pixel slit area, and this therefore does
not cause an abnormal domain, nor does it lower the numeri-
cal aperture. The thus fabricated liquid crystal display device
does not contain any abnormal domains and has a high dis-
play quality free from display unevenness and degradations in
brightness and response speed characteristics.

[0329] Next, the seventh aspect of the invention will be
described with reference to specific embodiments thereof.

Embodiment 29

[0330] A panel comprising a TFT substrate and a color filter
substrate, with a vertically aligned liquid crystal of negative
AE sandwiched between the two substrates, was used. Liquid
crystalline acrylate monomer UCL-001 manufactured by
Dainippon Ink and Chemicals, Inc. was added in an amount of
0.25 weight percent into the liquid crystal layer. While driv-
ing the liquid crystal by applying a drive voltage having an
effective value of 5.0V to the liquid crystal layer, ultraviolet
light having a maximum energy peak at wavelength 365 nm is
projected for 300 seconds to the panel, thereby polymerizing
and curing the monomer in a prescribed liquid crystal align-
ment state. A polyamic acid alignment film exhibiting vertical
alignment was used here. The panel cell gap was set at 4.0 pm.
The liquid crystal driving mode was normally black mode.

[0331] Next, as shown in FIG. 49, additional ultraviolet
radiation was applied to the panel. Commercially available
black lamps (manufactured by Toshiba Lighting and Tech-
nology Corporation) were used as the light source for the
additional radiation. The maximum energy peak wavelength
was 352 nm, and five lamps were arranged, spaced 10 cm
apart from each other, to form a surface-area light source, and
light was radiated from a distance of 10 cm with an intensity
of 5 mW/cm?. When the image sticking ratio of the panel was
measured before and after the additional ultraviolet radiation,
the image sticking ratio of the panel before the additional
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ultraviolet radiation was 12%, while the image sticking ratio
of the panel after the radiation was reduced to 3%. When the
tested panels were left idle for 24 hours, the former was never
restored to the original condition, but in the latter, the image
sticking was completely erased.

[0332] Further, the relationship between the amount of
ultraviolet radiation and the image sticking ratio was obtained
by varying the amount of additional ultraviolet radiation to be
applied to the panel. The resultis shown in FIG. 50. As can be
seen, the image sticking ratio reduces as the amount of ultra-
violet radiation increases.

[0333] Here, the image sticking ratio was obtained in the
following manner. A black and white checkered pattern was
displayed for 48 hours in the display area. After that, pre-
scribed halftone dots (gray) were displayed over the entire
display area, and the difference between the brightness f§ of
the area that was displayed in white and the brightness y of the
area that was displayed in black (-y) was divided by the
brightness y of the area that was displayed in black, to obtain
the image sticking ratio.

Image sticking ratio a=({p-y)/y)x100(%)

Embodiment 30

[0334] The process described in the 29th embodiment was
repeated with the difference that commercially available
UV-B fluorescent lamps (manufactured by Tozai Densan,
Ltd.) ware used instead of the black lamps. The maximum
energy peak frequency of this fluorescent lamp was 310 nm.
In the panel subjected to the additional ultraviolet radiation of
this embodiment, the image sticking ratio was reduced to
2.5%, and when the panel was left idle for 24 hours, the image
sticking was completely erased.

[0335] The fabrication method for the liquid crystal display
device according to the first aspect of the invention described
above can be summarized as follows:

[0336] (Item 1)

[0337] A method of fabricating a liquid crystal display
device, comprising:

[0338] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0339] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance to the pixel electrode;
[0340] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0341] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and radiating light onto the liquid
crystal layer while applying an AC voltage between the com-
mon electrode and the pixel electrode by applying AC volt-
ages to the common electrode and the Cs bus line.

[0342] (Item 2)

[0343] A method of fabricating a liquid crystal display
device as described in item 1, wherein the common electrode
and the Cs bus line are insulated from each other or connected
via high resistance when radiating the light onto the liquid
crystal layer.

[0344] (Item 3)

[0345] A method of fabricating a liquid crystal display
device as described in item 1, wherein after radiating the light
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onto the liquid crystal layer, the common electrode and the Cs
bus line are electrically connected together.

[0346] (Item 4)

[0347] A method of fabricating a liquid crystal display
device as described in item 1 wherein, initially, the liquid
crystal layer is vertically aligned and, by radiating the light
while applying a voltage to the liquid crystal composition
containing the photosensitive material, the average angle of
the liquid crystal to an alignment film is set smaller than a
polar angle of 90°.

[0348] (Item 5)

[0349] A method of fabricating a liquid crystal display
device as described in item 1, wherein AC frequency when
applying the AC voltage is set within a range of 1 to 1000 Hz.
[0350] (Item 6)

[0351] A method of fabricating a liquid crystal display
device, comprising:

[0352] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0353] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance with the pixel electrode;
[0354] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0355] forming an electrical capacitance using the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;

[0356] insulating the common electrode from the three bus
lines, or connecting the common electrode to the three bus
lines via high resistance; and

[0357] radiating light to the liquid crystal layer while
applying a DC voltage between the common electrode and the
pixel electrode by applying a DC voltage between the com-
mon electrode and the three bus lines (the gate bus line, the
data bus line, and the Cs bus line) formed on the second
substrate.

[0358] (Item 7)

[0359] A method of fabricating a liquid crystal display
device as described in item 1, wherein adjacent gate bus lines
or data bus lines are electrically connected together at both
ends thereof.

[0360] (Item 8)

[0361] A method of fabricating a liquid crystal display
device as described in item 7, wherein after radiating the light
onto the liquid crystal layer, the common electrode and the Cs
bus line are electrically connected together.

[0362] (Item 9)

[0363] A method of fabricating a liquid crystal display
device as described in item 6 wherein, initially, the liquid
crystal layer is vertically aligned and, by radiating the light
while applying a voltage to the liquid crystal composition
containing the photosensitive material, the average angle of
the liquid crystal to an alignment film is set smaller than a
polar angle of 90°.

[0364] (Ttem 10)

[0365] A method of fabricating a liquid crystal display
device, comprising:

[0366] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0367] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
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located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, a Cs bus line that
forms an electrical capacitance to the pixel electrode, and a
repair line intersecting with at least one of the data bus and
gate bus lines;

[0368] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0369] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and

[0370] radiating light to the liquid crystal layer while
applying a DC voltage between the common electrode and the
pixel electrode by applying a DC voltage between the com-
mon electrode and the four bus lines (the gate bus line, the
data bus line, the Cs bus line, and the repair line) formed on
the second substrate.

[0371] (Ttem 11)

[0372] A method of fabricating a liquid crystal display
device, comprising:

[0373] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0374] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance with the pixel electrode;
[0375] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0376] forming an electrical capacitance using the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween; and connecting the common elec-
trode via high resistance to the three bus lines (the gate bus
line, the data bus line, and the Cs bus line,) formed on the
second substrate, and radiating light to the liquid crystal layer
while applying a DC voltage between the common electrode
and the pixel electrode by applying a DC voltage between the
common electrode and at least one of the bus lines.

[0377] (Item 12)

[0378] A method of fabricating a liquid crystal display
device, comprising:

[0379] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
[0380] forming on a second substrate a gate bus line and a
data bus line arranged in a matrix array, a thin-film transistor
located at an intersection of the two bus lines, a pixel elec-
trode connecting to the thin-film transistor, and a Cs bus line
that forms an electrical capacitance to the pixel electrode;
[0381] forming a CF resin or a light blocking pattern on a
channel portion of the thin-film transistor; forming a liquid
crystal layer by filling a liquid crystal composition, contain-
ing a photosensitive material, into a gap between the first
substrate and the second substrate;

[0382] forming an electrical capacitance using the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;

[0383] electrically connecting adjacent data bus lines at
both ends thereof; and

[0384] radiating light onto the liquid crystal layer while
applying an AC voltage between the common electrode and
the pixel electrode by applying a transistor ON voltage to the
gate bus line and an AC voltage between the common elec-
trode and the data bus line.
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[0385] (Ttem 13)
[0386] A method of fabricating a liquid crystal display
device, comprising:
[0387] forming on a first substrate a common electrode for
applying a voltage over an entire surface of the substrate;
forming on a second substrate a gate bus line and a data bus
line arranged in a matrix array, a thin-film transistor located at
an intersection of the two bus lines, a pixel electrode connect-
ing to the thin-film transistor, a Cs bus line that forms an
electrical capacitance to the pixel electrode, and a repair line
intersecting with the data bus line;

[0388] forming a CF resin or a light blocking pattern on

a channel portion of the thin-film transistor;

[0389] forming a liquid crystal layer by filling a liquid
crystal composition, containing a photosensitive material,
into a gap between the first substrate and the second substrate;
[0390] forming an electrical capacitance by the common
electrode and the pixel electrode by sandwiching the liquid
crystal layer therebetween;
[0391] connectingat least one data bus line with at least one
repair line by laser radiation or other method; and
[0392] radiating light onto the liquid crystal layer while
applying an AC voltage between the common electrode and
the pixel electrode by applying a transistor ON voltage to the
gate bus line and an AC voltage between the common elec-
trode and the data bus line and repair line (the repair line is at
the same potential as the data bus line).
[0393] (Item 14)
[0394] A liquid crystal display device fabricated by a
method described in any one of items 1 to 13.
[0395] The fabrication method for the liquid crystal display
device according to the second aspect of the invention can be
summarized as follows:
[0396] (Item 15)

[0397] A method of fabricating a vertical alignment liquid
crystal display device, comprising:

[0398] forming a liquid crystal layer by filling a liquid
crystal composition into a gap between two substrates each
having a transparent electrode and an alignment control film
for causing liquid crystal molecules to align vertically, the
liquid crystal composition having a negative dielectric anisot-
ropy and containing a polymerizable monomer; and

[0399] polymerizing the monomer while applying a volt-
age between opposing transparent electrodes, and thereby
providing a pretilt angle to the liquid crystal molecules, and
wherein:

[0400] before polymerizing the monomer, a constant volt-
age not smaller than a threshold voltage but not greater than a
saturation voltage is applied between the opposing transpar-
ent electrodes for a predetermined period of time and, there-
after, the voltage is changed to a prescribed voltage and, while
maintaining the prescribed voltage, ultraviolet radiation or
heat is applied to the liquid crystal composition to polymerize
the monomer.

[0401] (Item 16)

[0402] A method of fabricating a liquid crystal display
device as described in item 15, wherein after a constant volt-
age not smaller than the threshold voltage but not greater than
the threshold voltage+1 V is applied between the opposing
transparent electrodes for a time not shorter than 10 seconds,
the voltage is changed by applying a voltage not smaller than
a voltage to be applied to produce a white display state and,
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while maintaining the voltage, the ultraviolet radiation or heat
is applied to the liquid crystal composition to polymerize the
monomer.

[0403] (Item 17)

[0404] A method of fabricating a liquid crystal display
device as described in item 15 or 16, further comprising the
step of forming a slit structure in the transparent electrode on
at least one of the substrates.

[0405] (Ttem 18)

[0406] A method of fabricating a liquid crystal display
device as described in any one of items 15 to 17, further
comprising the step of forming, on at least one of the sub-
strates, a protrusion protruding into the gap between the sub-
strates.

[0407] (Item 19)

[0408] A liquid crystal display device fabricated by a
method described in any one of items 15 to 18.

[0409] The fabrication method for the liquid crystal display
device according to the third aspect of the invention can be
summarized as follows:

[0410] (Ttem 20)

[0411] A method of fabricating a liquid crystal display
device, comprising:

[0412] forming a liquid crystal layer by filling a liquid
crystal composition containing a polymerizable monomer
into a gap between two substrates each having a transparent
electrode; and

[0413] polymerizing the monomer while applying a volt-
age between opposing transparent electrodes, and thereby
providing a pretilt angle to liquid crystal molecules while, at
the same time, controlling the direction in which the liquid
crystal molecules tilt in the presence of an applied voltage,
and wherein:

[0414] light radiation for polymerizing the polymerizable
monomer is performed in at least two steps.

[0415] (Ttem 21)

[0416] A method of fabricating a liquid crystal display
device as described in item 20, wherein at least one of the
plurality of light radiation steps is performed while applying
a voltage to the liquid crystal layer.

[0417] (Ttem 22)

[0418] A method of fabricating a liquid crystal display
device as described in item 20 or 21, wherein the plurality of
light radiation steps are performed without applying a volt-
age, either before or after or both before and after the light
radiation that is performed in the presence of an applied
voltage.

[0419] (Ttem 23)

[0420] A method of fabricating a liquid crystal display
device as described in any one of items 20 to 22, wherein the
plurality of light radiation steps are respectively performed
with different light intensities.

[0421] (Ttem 24)

[0422] A method of fabricating a liquid crystal display
device as described in any one of items 20 to 23, wherein the
light radiation that is performed in the presence of an applied
voltage is performed with a light intensity of 50 mW/cm® or
higher.

[0423] (Ttem 25)

[0424] A method of fabricating a liquid crystal display
device as described in any one of items 20 to 24, wherein the
light radiation that is performed without applying a voltage is
performed with a light intensity of 50 mW/cm? or lower.
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[0425] (Ttem 26)

[0426] A method of fabricating a liquid crystal display
device as described in any one of items 20 to 25, wherein the
polymerizable monomer is a liquid crystalline or non-liquid-
crystalline monomer, and is polymerized by ultraviolet radia-
tion.

[0427] (Ttem 27)

[0428] A method of fabricating a liquid crystal display
device as described in any one of items 20 to 26, wherein the
polymerizable monomer is bifunctional acrylate or a mixture
of bifunctional acrylate and monofunctional acrylate.

[0429] (Ttem 28)

[0430] A liquid crystal display device fabricated by a
method described in any one of items 20 to 27.

[0431] The liquid crystal display device according to the
fourth aspect of the invention can be summarized as follows:
[0432] (Ttem 29)

[0433] A liquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein a plurality of injection ports for
injecting therethrough the liquid crystal composition contain-
ing the polymerizable component are formed in one side of
the liquid crystal display device, and spacing between the
respective injection ports is not larger than one-fifth of the
length of the side in which the injection ports are formed.
[0434] (Item 30)

[0435] A liquid crystal display device as described in item
29, wherein the injection ports are spaced away from a display
edge by a distance not greater than two-fifths of the length of
the side in which the injection ports are formed.

[0436] (Ttem 31)

[0437] A liquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein a cell gap in a frame edge BM area
is not larger than the cell gap of a display area.

[0438] (Ttem 32)

[0439] A liquid crystal display device as described in item
31, wherein the area where the cell gap is not larger than the
cell gap of the display area is spaced away from a cell forming
seal by a distance not greater than 0.5 mm.

[0440] (Item 33)

[0441] A liquid crystal display device in which a liquid
crystal Composition containing a photopolymerizable or
thermally polymerizable component is sandwiched between
substrates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
which liquid crystal molecules tilt in the presence of an
applied voltage, wherein a main seal or an auxiliary seal is
formed in a frame edge BM area to eliminate cell gap in the
frame edge BM area.

[0442] (Ttem 34)

[0443] A liquid crystal display device in which a liquid
crystal composition containing a photopolymerizable or ther-
mally polymerizable component is sandwiched between sub-
strates and the polymerizable component is polymerized
while applying a voltage, thereby defining the direction in
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which liquid crystal molecules tilt in the presence of an
applied voltage, wherein an auxiliary seal is formed so that a
material whose concentration of the polymerizable material
relative to liquid crystal is abnormal is guided into a BM area.
[0444] (Ttem 35)

[0445] A liquid crystal display device as described in any
one of items 29 to 34, wherein the liquid crystal composition
contains a non-liquid-crystal component or a component
whose molecular weight and surface energy are different
from those of a liquid-crystal component.

[0446] The fabrication method for the liquid crystal display
device according to the fifth aspect of the invention can be
summarized as follows:

[0447] (Item 36)

[0448] A method of fabricating a liquid crystal display
device, comprising:

[0449] forming a common electrode and a color filter layer
on a first substrate;

[0450] constructing a second substrate from an array sub-
strate on which are formed a gate bus line layer, a gate insu-
lating film layer, a drain bus line layer, a protective film layer,
and a pixel electrode layer;

[0451] forming fine slits in the pixel electrode layer in such
a direction that a pixel is divided by the slits into at least two
sub-regions;

[0452] forming on each of the two substrates a vertical
alignment film for vertically aligning liquid crystal mol-
ecules;

[0453] forming a liquid crystal layer by filling an n-type
liquid crystal composition having a negative dielectric anisot-
ropy into a gap between the two substrates, the liquid crystal
composition containing an ultraviolet curable resin having a
liquid crystal backbone;

[0454] radiating ultraviolet light while applying to the lig-
uid crystal molecules a voltage not smaller than a threshold
value of the liquid crystal molecules, thereby defining the
direction in which the liquid crystal molecules tilt in the
presence of an applied voltage; and

[0455] arranging two polarizers on top and bottom surfaces
of the liquid crystal display device in a crossed Nicol con-
figuration with the absorption axes thereof oriented at an
angle of 45 degrees to the alignment directions of the liquid
crystal molecules.

[0456] (Ttem 37)

[0457] A method of fabricating a liquid crystal display
device as described in item 36, wherein the step of radiating
the ultraviolet light to the liquid crystal composition injected
between the two substrates is divided in two or more steps and
performed by using ultraviolet light of different intensities.
[0458] (Ttem 38)

[0459] A method of fabricating a liquid crystal display
device as described in item 36, wherein the step of radiating
the ultraviolet light to the liquid crystal composition injected
between the two substrates is divided in two steps consisting
of the step of radiating the ultraviolet light while applying to
the liquid crystal molecules a voltage not smaller than the
threshold value of the liquid crystal molecules and the step of
radiating the ultraviolet light without applying a voltage to the
liquid crystal molecules.

[0460] (Item 39)

[0461] A method of fabricating a liquid crystal display
device as described in item 36, wherein the step of radiating
the ultraviolet light to the liquid crystal composition injected
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between the two substrates is divided in two steps and per-
formed by applying respectively different voltages to the
liquid crystal molecules.

[0462] (Ttem 40)

[0463] A method of fabricating a liquid crystal display
device as described in item 36, wherein the step of radiating
the ultraviolet light for polymerizing the ultraviolet polymer-
izable component contained in the liquid crystal composition
injected between the two substrates is divided in two or more
steps and performed by using a plurality of ultraviolet radia-
tion units of different light intensities.

[0464] (Ttem 41)

[0465] A method of fabricating a liquid crystal display
device as described in item 36, wherein the ultraviolet radia-
tion to the liquid crystal composition injected between the
two substrates is applied from the array substrate side.
[0466] (Item 42)

[0467] A method of fabricating a liquid crystal display
device as described in item 36, wherein the second substrate
1s constructed from an array substrate on which the color filter
layer is formed, the common electrode being formed on the
first substrate, and the ultraviolet radiation, onto the liquid
crystal composition injected between the two substrates, is
applied from the first substrate side.

[0468] (Ttem 43)

[0469] A liquid crystal display device fabricated by a
method described in any one of items 36 to 42.

[0470] The liquid crystal display device according to the
sixth aspect of the invention can be summarized as follows;
[0471] (Ttem 44)

[0472] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein any portion where cell thick-
ness varies by 10% or more due to design constraints is
located at a liquid crystal domain boundary.

[0473] (Item 45)

[0474] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a contact hole that connects
between a source electrode and a pixel electrode is formed at
a liquid crystal domain boundary.

[0475] (Ttem 46)

[0476] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a contact hole that connects
between a Cs intermediate electrode and a pixel electrode is
formed at a liquid crystal domain boundary.

[0477] (Item 47)

[0478] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, a pretilt angle of liquid crystal molecules and
atilt direction thereofin the presence of an applied voltage are
controlled by using a polymer that polymerizes by heat or
light radiation, and liquid crystal alignment is divided
between two or more sub-regions, wherein more than one
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portion where cell thickness varies by 10% or more due to
design constraints does not exist.

[0479] (Ttem 48)

[0480] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, a pretilt angle of liquid crystal molecules and
atilt direction thereofin the presence of an applied voltage are
controlled by using a polymer that polymerizes by heat or
light radiation, and liquid crystal alignment is divided
between two or more sub-regions, wherein more than one
contact hole is not formed in the same sub-region.

[0481] (Ttem 49)

[0482] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a pixel electrode, a source
electrode, and a Cs intermediate electrode are connected by a
single contact hole.

[0483] (Item 50)

[0484] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein a metal electrode 1s added
along a liquid crystal domain boundary within a display pixel.
[0485] (Item 51)

[0486] A liquid crystal display device in which a liquid
crystal layer is sandwiched between a pair of substrates hav-
ing electrodes, and a pretilt angle of liquid crystal molecules
and a tilt direction thereof in the presence of an applied
voltage are controlled by using a polymer that polymerizes by
heat or light radiation, wherein an electrode having the same
potential as a pixel electrode is not added in a slit portion of
the pixel electrode within a display pixel.

[0487] (Ttem 52)

[0488] A liquid crystal display device as described in any
one of items 44 to 51, wherein the liquid crystal layer is
sandwiched between a substrate in which a color filter layer of
red, blue, and green is formed on a TFT substrate, and a
substrate on which a common electrode is formed.

[0489] The fabrication method for the liquid crystal display
device according to the fifth aspect of the invention can be
summarized as follows:

[0490] The fabrication method for the liquid crystal display
device according to the seventh aspect of the invention can be
summarized as follows:

[0491] (Ttem 53)

[0492] A method of fabricating a liquid crystal display
device, comprising: forming a liquid crystal layer by filling a
liquid crystal composition containing a polymerizable mono-
mer into a gap between two substrates each having an elec-
trode and an alignment film; and polymerizing the monomer
by radiating ultraviolet light to the liquid crystal composition
while applying a prescribed liquid crystal driving voltage
between opposing electrodes, and wherein: after polymeriz-
ing the monomer, additional ultraviolet radiation is applied to
the liquid crystal composition without applying the liquid
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crystal driving voltage or while applying a voltage of a mag-
nitude that does not substantially drive the liquid crystal.
[0493] (Ttem 54)

[0494] A method of fabricating a liquid crystal display
device as described in item 53, wherein the additional ultra-
violet radiation is applied using ultraviolet light whose wave-
length is different from that of the ultraviolet light used for the
polymerization of the monomer before the application of the
additional ultraviolet radiation.

[0495] (Ttem 55)

[0496] A method of fabricating a liquid crystal display
device as described in item 53 or 54, whetrein the ultraviolet
light used in the additional ultraviolet radiation has a spec-
trum having a maximum energy peak at 310 to 380 nm.
[0497] (Item 56)

[0498] A method of fabricating a liquid crystal display
device as described in item 55, wherein the ultraviolet light
used in the additional ultraviolet radiation has a spectrum
having a maximum energy peak at 350 to 380 nm.

[0499] (Ttem 57)

[0500] A method of fabricating a liquid crystal display
device as described in item 55, wherein the ultraviolet light
used in the additional ultraviolet radiation has a spectrum
having a maximum energy peak at 310 to 340 nm.

[0501] (Item 58)

[0502] A method of fabricating a liquid crystal display
device as described in any one of items 53 to 57, wherein the
additional ultraviolet radiation is applied for 10 minutes or

longer.
[0503] (Item 59)
[0504] A method of fabricating a liquid crystal display

device as described in any one of items 53 to 58, wherein
substrate surfaces are treated for vertical alignment in accor-
dance with a vertical alignment mode, and liquid crystals in a
non-display area also are substantially vertically aligned.
What we claim is:
1. A liquid crystal display device comprising:
a liquid crystal layer sealed between a pair of substrates;
an alignment layer formed on at least one of said substrates;
a polymer formed of a photopolymerized material on said
alignment layer, wherein said alignment layer is formed
between said substrate and said liquid crystal layer;
a pixel electrode, including an electrode portion and a
plurality ofslits, formed on one of said pair of substrates;
a source electrode and a Cs intermediate electrode, having
asame potential as said pixel electrode, formed between
said pixel electrode and said one of said pair of said
substrates; and
a Cs bus line located between said Cs intermediate elec-
trode and said one of said pair of substrates;
wherein said source electrode is formed along a first liquid
crystal domain boundary, between said pixel electrode
and said one of said pair of said substrates,
wherein said source electrode extends generally parallel to
said gate bus line, and
wherein the liquid crystal layer contains part of a photopo-
lymerizable monomer, which is a source material of the
photopolymerized material.
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