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(57) ABSTRACT

A liquid crystal display capable of improving its viewing
angle characteristic of luminance is provided. The liquid
crystal display includes: a pair of signal lines extending so as
to intersect to each other; a pixel provided for the pair of
signal lines and configured of a plurality of sub pixels, each
sub pixel including a liquid crystal element and a capacitive
element; a driving element provided for each of the plurality
of sub pixels so as to be connected to a corresponding pair of
signal lines assigned to the pixel, and performs display driv-
ing by applying a voltage to the liquid crystal element based
on a video signal; and a capacitance line provided for each of
the plurality of sub pixels so as to be connected to one end of
the capacitive element.
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TFT SUBSTRATE 22 AND CF SUBSTARATE 32 ARE FABRICATED

5102

LIQUID CRYSTAL MATERIAL INCLUDING LIQUID CRYSTAL
MOLECULE 40A AND MONOMER 40C IS SEALED BETWEEN
TFT SUBSTRATE 22 AND CF SUBSTRATE 32

5103

SPECIFIED ELECTRIC FIELD IS APPLIED TO LIQUID CRYSTAL
LAYER 40 BY APPLYING VOLTAGE Vesl AND Vsc2 AT A TIME
ACROSS PIXEL ELECTRODE 20A AND COUNTER ELECTRCDE 30
AND ACROSS PIXEL ELECTRODE 20B AND COUNTER ELECTRODE
30 RESPECTIVELY, THEREBY ALIGNING LIQUID CRYSTAL
MOLECULE 40A AT A TILT

5104

LIQUID CRYSTAL LAYER 40 IS IRRADIATED WITH ULTRAVIOLET
LIGHT UV WHILE THE VOLTAGES Vesl AND VesZ2 ARE KEPT
APPLIED SO THAT MONOMER 40C IS POLYMERIZED, THEREBY
FORMING POLYMER 40B ADHERED TG THE SURFACE OF ALTIGNMENT
FILMS 23 AND 33
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FIG. 7
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention contain subject matter related
to Japanese Patent Application JP2007-315746 filed in the
Japanese Patent Office on Dec. 6, 2007, the entire contents of
which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play which is provided with a plurality of pixels including a
liquid crystal element, and a method of manufacturing the
same.

[0004] 2. Description of the Related Art

[0005] Inrecentyears, liquid crystal displays of VA (Verti-
cal Alignment)-mode for example, in which vertical align-
ment liquid crystal is used, is proposed as a display monitor
such as a liquid crystal television, notebook PC, car naviga-
tion, and so on. It is known that the VA-mode can realize a
large viewing angle compared with the TN (Twisted Nem-
atic)-mode because of its liquid crystal molecule with nega-
tive dielectric anisotropy, i.e., a state in which the dielectric
constant in the direction of the major axis of molecule is less
than the dielectric constant in the direction of the minor axis.
[0006] However, the VA-mode liquid crystal display has a
disadvantage of luminance displacement, that is, the lumi-
nance ratio at the time that a display screen is viewed from a
front direction is different from that at the time of viewed
from an oblique direction. FIG. 11 is a graph showing a
relationship between the gray scale (0 to 255) of a video
signal and the luminance ratio (ratio against a luminance over
255 levels of gray scale) in the VA-mode liquid crystal dis-
play. As shown by an arrow P101 in the graph, there is a big
difference between the luminance characteristic as viewed
from the front direction (indicated by the curved line “Ys
(0°)” in graph) and the luminance characteristic as viewed
from the direction of 45 degrees (indicated by the curved line
“Ys (45°)”1in graph). It proves that the luminance is displaced
higher when seen from the direction of 45 degrees than seen
from the front direction. Such phenomenon is called “whit-
ish” “wash out”, or “color shift”, etc., and is considered as the
greatest defect of the VA-mode liquid crystal display. To solve
the whitish, it is proposed to divide a unit pixel into a plurality
of sub pixels so as to set the threshold of each sub pixel
different from each other (what is called a multi-pixel struc-
ture). Various types of multi-pixel structures have been pro-
posedso far, and Japanese Patent Application Publication No.
HO02-12, U.S. Pat. No. 4,840,460 and Japanese Patent No.
3076938 disclose multi-pixel structures in which what is
called HT (halftone-gray scale) method based on capacitance
coupling is applied. In the multi-pixel structure shown in
these patent documents, the potential difference between the
plurality of sub pixels is determined based on capacitance
ratio. More specifically, the multi-pixel structure includes
such circuit configuration as shown in FIG. 12, in which a
pixel 120 constituted from a sub pixel 120A and a sub pixel
120B are disposed in an area surrounded by a pair of data line
D and gate line G that intersect with each other. In the multi-
pixel structure of this type, the sub pixels 120A and 120B
have liquid crystal elements 122 A and 122B and auxiliary
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capacitive elements 123A and 123B, respectively, and they
are connected to the source of a common thin film transistor
(TFT) element 121 that is shared by the sub pixels 120A and
120B. The liquid crystal elements 122A and 122B and the
auxiliary capacitive elements 123 A and 123B are connected
in parallel to the TFT element 121. However, a coupling
capacitance Ccis provided in series between the TFT element
121 and the sub pixel 120B. The data line D is connected the
drain ofthe TFT element 121, and the gate line G is connected
to the gate of the TFT element 121. Further, the other ends of
the auxiliary capacitive elements 123A and 123B are con-
nected to a common auxiliary capacitance line CL which is
shared thereby. In such multi-pixel structure with the above-
mentioned circuit configuration, the potential difference
between the sub pixel 120A and the sub pixel 120B is deter-
mined based on the magnitude of the coupling capacitance
Cc, so that the ratio of Tuminance between the sub pixel 120A
and the sub pixel 120B at a certain gray scale is determined.
[0007] Japanese Patent Application Publication No. 2003-
255305 discloses another example of multi-pixel structure. In
the multi-pixel structure, the pretilt angle of a liquid crystal
molecule is different between a plurality of sub pixels so that
the threshold may become different between the plurality of
sub pixels.

[0008] FIG. 13 shows an example of relationship between
the gray scale of a video signal and display mode of the
respective sub pixels in the multi-pixel structure of related
arts. Here, it is shown that in the course of increasing gray
scale (increase in luminance) from zero level (black display
level) to 255 level (white display level), a part of a pixel (one
of the sub pixels) is increasing its luminance first, then the
remaining portion of the pixel (the other of the sub pixels)
follows. With such a multi-pixel structure, as shown by an
arrow P102 of FIG. 11, for example, the curved line “Ym
(45°)”, which indicates the luminance characteristic of the
multi-pixel structure as viewed from the direction of 45
degrees, is more similar to the curved line “Ys (0°)” than the
curved line “Y's (45°)”, which indicates the luminance char-
acteristic of ordinary pixel structures as viewed from the
direction of 45 degrees. Thus, it proves that the whitish phe-
nomenon has been suppressed.

[0009] Other than the above-mentioned multi-pixel struc-
tures, it is also possible for an ordinary pixel structure as
shown in FIG. 14 to obtain the same half-tone effect as with
the multi-pixel structures by dividing a unit frame of display
into a plurality of sub frames (for example, two sub frames)
along the time axis and obtaining a desired luminance by
separately expressing a high luminance and a low luminance
using the two sub frames at different times. In this manner, the
whitish phenomenon is suppressed.

SUMMARY OF THE INVENTION

[0010] However, as for the multi-pixel structure in which
the HT method utilizing capacitance coupling is employed,
since the sub pixel 122B is connected to the data line D viathe
coupling capacitance Cc as typically shown in FIG. 12, the
driving voltage falls by the coupling capacitance Cc. thereby
causing a decrease in transmittance of the sub pixel 122B.
Accordingly, the whole display screen also becomes dark. In
addition, there is a worry of screen burn (or image persis-
tence) because the liquid crystal layer of the liquid crystal
display device is not directly connected to electrodes (float-

ing).
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[0011] Inthe case of Japanese Patent Application Publica-
tion No. 2003-255305, a multi-pixel structure in which the
pretilt angle of a liquid crystal molecule differs between sub
pixels are formed in such a manner that after sealing a UV
curable monomer with a liquid crystal molecule into the
liquid crystal layer, UV-irradiation is selectively applied sev-
eral times using a photo mask while applying voltages of
different magnitudes across each of the sub pixels. However,
such a manufacturing method has a difficulty in alignment
between the photo mask and the selected sub pixel to be
irradiated and it is not so easy to obtain a given pretilt angle
for each sub pixel. Further, since boundary of sub pixels
becomes ambiguous, desired optical characteristics are
hardly available.

[0012] As for the method applied in the pixel structure of
FIG. 14 in which half-tone effect is obtained by dividing each
unit frame along the time axis, effective resolution may
decrease (when one unit frame is constituted from two pixels
for example, the effective resolution is reduced to half). Alter-
natively, when one pixel is divided into sub frames by time, it
is necessary to at least double the driving frequency to avoid
flicker, thereby causing the disadvantages of increase in
power consumption and unevenness in display luminance
because of the slow-down of the ON/OFF operation by TFT.
[0013] The present invention has been devised in view of
the above disadvantage, and it is desirable to provide a liquid
crystal display which is simple in configuration and is capable
of improving the viewing angle characteristic of luminance
even when using, for example, a VA-mode liquid crystal. It is
further desirable to provide a method of manufacturing a
liquid crystal display in which the above-mentioned liquid
crystal display can be fabricated more simply and with high
precision.

[0014] According to an embodiment of the present inven-
tion, there is provided a first liquid crystal display including a
pair of signal lines extending so as to intersect to each other,
a pixel provided for the pair of signal lines and configured of
a plurality of sub pixels respectively having a liquid crystal
element and a capacitive element, a driving element provided
for each of the plurality of sub pixels so as to be connected to
a corresponding pair of signal lines assigned to the pixel, and
performs display driving by applying a voltage to the liquid
crystal element based on a video signal, and a capacitance line
provided for each of the plurality of sub pixels so as to be
connected to one end of the capacitive element. The other end
of the capacitive element is connected to the driving element
in common with the liquid crystal element, and the liquid
crystal element includes liquid crystal molecules whose
pretilt angles differ between the plurality of sub pixels which
configures one pixel. It is to be noted that the pretilt angle is
an initially aligned angle between the normal to a substrate
surface and the major axis of a liquid crystal molecule.
[0015] In the first liquid crystal display of the embodiment
of the present invention, since the liquid crystal molecule
included in the liquid crystal element has a pretilt angle dif-
ferent between the plurality of sub pixels, each sub pixel
exhibits a luminance different from one another at any gray
scale. Here, each of the sub pixels is connected to the common
signal lines via the driving element which is provided for each
of the sub pixels one to one, thereby having more simple
configuration. On the other hand, a plurality of driving ele-
ments are provided so as to correspond one to one to the sub
pixels, and the capacitive element in each sub pixel is con-
nected to its own capacitance line. With such a configuration,
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in the course of manufacturing, difference in the pretilt angle
is set simply and accurately by applying a mutually different
potential to the respective sub pixels via each capacitance
line, with the driving elements closed.

[0016] According to an embodiment of the present inven-
tion, there is provided a second liquid crystal display includ-
ing a pair of signal lines extending so as to intersect to each
other, a pixel provided for the pair of signal lines and config-
ured of a plurality of sub pixels respectively having a liquid
crystal element and a capacitive element, a driving element
provided for each of the plurality of sub pixels so as to be
connected to a corresponding pair of signal lines assigned to
the pixel, and performs display driving by applying a voltage
to the liquid crystal element based on a video signal, and a
capacitance line provided for the plurality of sub pixels in the
pixel, and connected, in common, to every on end of all of the
capacitive elements in the plurality of sub pixels. The other
end of the capacitive element is connected to the driving
element in common with the liquid crystal element, and a
ratio of a capacitance between the liquid crystal element to a
capacitance of the capacitive element and the capacitive ele-
ment differs between the plurality of sub pixels which con-
figures one pixel, and the liquid crystal element includes
liquid crystal molecules whose pretilt angles differ between
the plurality of sub pixels which configures one pixel.
[0017] In the second liquid crystal display of the embodi-
ment of the present invention, since the liquid crystal mol-
ecule included in the liquid crystal element has a pretilt angle
mutually different between the plurality of sub pixels, each
sub pixel exhibits a luminance different from one another at
any gray scale. Here, since each of the sub pixels is connected
to the common signal lines via the driving element provided
for each of the sub pixels one to one, and each capacitive
element provided in the sub pixels is connected to the com-
mon capacitance line, configuration becomes more simple.
On the other hand, a plurality of driving elements are pro-
vided so as to correspond one to one to the sub pixels. What is
more, a ratio of a capacitance between the liquid crystal
element and the capacitive element differs between the plu-
rality of sub pixels. With such a configuration, when a poten-
tial is applied to the respective sub pixels via the capacitance
line with the driving element closed in manufacturing, the
magnitude of the applied potential differs between the sub
pixels, thereby it becomes possible to set a difference of
pretilt angles simply and accurately.

[0018] According to an embodiment of the present inven-
tion, there is provided, a first method of manufacturing a
liquid crystal display including a pair of signal lines extend-
ing so as to intersect to each other, and a pixel provided for the
pair of signal lines and configured of a plurality of sub pixels,
each subpixel having aliquid crystal element and a capacitive
element. The method includes the following steps of:

(A) forming a driving element for each of the plurality of sub
pixels, the driving element performing display driving by
applying a voltage to the liquid crystal element based on a
video signal, and connecting, in common, all of the driving
elements formed in the pixel to a corresponding pair of signal
lines assigned to the pixel;

(B) forming the liquid crystal element and the capacitive
element so as to be connected, in common, to a corresponding
driving element; and

(C) forming a capacitance line for each of the plurality of sub
pixels so as to be connected to the capacitive element at one
end thereof opposite to the driving element. Here, the liquid
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crystal element is formed in such a manner that, after sealing,
between a pair of electrode substrates, a liquid crystal layer
containing polymerizable monomers and a liquid crystal mol-
ecules, each electrode substrate having an alignment film on
its inner facing surface, all the monomers in the pixel are
polymerized by one operation during an application of volt-
ages which are mutually different between the plurality of sub
pixels, the voltages being applied across the pair of electrode
substrates by means of the capacitance line. It is to be noted
that the above-mentioned steps (A) to (C) may be processed at
the same time, or may be processed separately. In the case of
separate processing, the order of processing can be deter-
mined arbitrarily among the steps (A) to (C).

[0019] In the first method of manufacturing the liquid crys-
tal display of the embodiment of the present invention, the
capacitance line is provided one-to-one for every sub pixel so
that voltages different mutually between the sub pixels is
applied across the pair of electrode substrates. Accordingly,
the liquid crystal molecule is tilted with respect to the normal
to the electrode substrate at an angle mutually different
between the sub pixels. When the monomer in the liquid
crystal layer is polymerized under such a condition, a poly-
mer structure adhered to the electrode substrates on the side in
contact with the liquid crystal layer is formed. The polymer
structure brings about an effect of keeping the liquid crystal
molecule tilted. As a result, the pretilt angle of the liquid
crystal molecule differs mutually between the sub pixels in
non-driving state.

[0020] According to an embodiment of the present inven-
tion, there is provided a second method of manufacturing a
liquid crystal display including a pair of signal lines extend-
ing so as to intersect to each other, and a pixel provided for the
pair of signal lines and configured of a plurality of sub pixels,
each sub pixel including aliquid crystal element and a capaci-
tive element. The method includes the following steps of:
(a) forming a driving element for each of the plurality of sub
pixels, the driving element performing display driving by
applying a voltage to the liquid crystal element based on a
video signal, and connecting, in common, all of the driving
elements formed in the pixel to a corresponding pair of signal
lines assigned to the pixel;

(b) forming the liquid crystal element and the capacitive
element so as tobe connected, in common, to a corresponding
driving element, so that ratio of a capacitance between the
liquid crystal element and the capacitive element differs
between the plurality of sub pixels; and

(c) forming a common capacitance line so as to be connected
to all the capacitive elements in the pixel at each one end
thereof opposite to the driving element.

[0021] Here, the liquid crystal element is formed in such a
manner that, after sealing, between a pair of electrode sub-
strates, a liquid crystal layer containing polymerizable mono-
mers and a liquid crystal molecules, each electrode substrate
having an alignment film on its inner facing surface, all the
monomers in the pixel are polymerized by one operation
during an application of voltages which are mutually different
between the plurality of sub pixels, the voltages being applied
across the pair of electrode substrates utilizing the difference
in the ratio of the capacitance between the liquid crystal
element and the capacitive element (capacitance ratio). It is to
be noted that the above-mentioned steps (a) to (c) may be
processed at the same time, or may be processed separately. In
the case of separate processing, the order of processing can be
determined arbitrarily among the steps (a) to (c).
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[0022] In the second method of manufacturing the liquid
crystal display of the embodiment of the present invention,
though one common capacitance line is shared by all the sub
pixels, voltages mutually different between the sub pixels is
applied across the pair of electrode substrates by means of the
capacitance ratio mutually different between the sub pixels.
Accordingly, the liquid crystal molecule is tilted with respect
to the normal to the electrode substrate at an angle mutually
different between the sub pixels. When the monomer in the
liquid crystal layer is polymerized under such a condition, a
polymer structure adhered to the electrode substrates on the
side in contact with the liquid crystal layer is formed. The
polymer structure brings about an effect of keeping the liquid
crystal molecule tilted. As a result, the pretilt angle of the
liquid crystal molecule differs mutually between the sub pix-
els in non-driving state.

[0023] According to the first and the second liquid crystal
displays of the embodiments of the present invention, the
liquid crystal molecule included in the liquid crystal element
has a pretilt angle mutually different between the plurality of
sub pixels. Accordingly, when the liquid crystal element in
each pixel is display-driven, variation in gamma characteris-
tic at the time that the display screen is viewed from an
oblique direction can be alleviated, thereby improving the
viewing angle characteristic of luminance. In this case, the
plurality of sub pixels in each pixel are display-driven
together based on a signal transmitted from the common pair
of signal lines. As a result, compared with a case where the
plurality of sub pixels are separately display-driven using a
different driving voltage applied from different signal lines,
the number of the pair of signal lines can be reduced, thereby
improving the aperture ratio, and further, the number of the
drivers for driving surplus signal lines can also be reduced,
thereby realizing compactness.

[0024] Further, according to the first liquid crystal display
of the embodiment of the present invention, potentials mutu-
ally different between the plurality of sub pixels can be
applied to the liquid crystal element included in the sub pixels
via separate capacitance lines, with the driving elements
closed. In this manner, it becomes possible to simply and
accurately set the pretilt angle peculiar to each of the sub
pixels in the course of manufacturing. As a result, excellent
viewing angle characteristic of luminance can be exhibited.
[0025] Thesecondliquid crystal display of the embodiment
of the present invention is also configured so that, because of
the difference of capacitance ratio between the sub pixels,
potentials mutually different can be applied to the liquid
crystal elements in each of the sub pixels via the capacitance
line, with the driving elements closed. With such a configu-
ration, as with the first liquid crystal display, it becomes
possible to simply and accurately set the pretilt angle peculiar
to each of the sub pixels in the course of manufacturing. As a
result, excellent viewing angle characteristic of luminance
can be exhibited.

[0026] According to the first method of manufacturing the
liquid crystal display of the embodiment of the present inven-
tion, the capacitance line is provided one-to-one for every sub
pixel and voltages different mutually between the sub pixels
are applied across the pair of electrode substrates so that the
liquid crystal molecules included in the liquid crystal layer of
each sub pixel may be tilted at a given angle. Then, the
monomer in the liquid crystal layer is polymerized by one
operation (not divided along the time axis) under such a
condition. In this manner, it becomes possible to set the pretilt
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angle peculiar to each of the sub pixels more simply and
accurately than a case where the monomer is polymerized
selectively (divided along the time axis) for each sub pixel
using a photo mask and so on. In this case, there is no need of
utilizing the pair of signal lines. As a result, it becomes rela-
tively easy to realize the liquid crystal display which has a
multi-pixel structure with a simple configuration, in which
excellent viewing angle characteristic of luminance can be
exhibited.

[0027] According to the second method of manufacturing
the liquid crystal display of the embodiment of the present
invention, voltages mutually different between the sub pixels
are applied across the pair of electrode substrates via the
common capacitance line shared by all the sub pixels, using
the mutually different capacitance ratio so that the liquid
crystal molecules included in each sub pixel may be tilted at
a given angle. Since the monomer in the liquid crystal layer is
polymerized under such a condition by one operation (not
divided along the time axis), it becomes possible to set the
pretilt angle peculiar to each of the sub pixels more simply
and accurately than a case where the monomer is polymerized
selectively (divided along the time axis) for each sub pixel
using a photo mask and so on. There is no need of utilizing the
pair of signal lines in this case. As a result, it becomes rela-
tively easy to realize the liquid crystal display which has a
multi-pixel structure with a simple configuration, in which
excellent viewing angle characteristic of luminance can be
exhibited.

[0028] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1isablock diagram showing a whole configu-
ration of a liquid crystal display according to a first embodi-
ment of the present invention.

[0030] FIG. 2 is a circuit diagram showing a detailed con-
figuration of a pixel appearing in FIG. 1.

[0031] FIG. 3 is a plan view showing a configuration of a
pixel electrode provided in aliquid crystal element appearing
in FIG. 2.

[0032] FIG. 4 is a cross section view of the liquid crystal
display of FIG. 1.

[0033] FIG. 5 is a pattern diagram for explaining a pretilt
angle of a liquid crystal molecule.

[0034] FIG. 6is a cross section view of another configura-
tion example in an embodiment of the present invention.
[0035] FIG. 7 is a flow chart for explaining a method of
manufacturing the liquid crystal display of FIG. 1.

[0036] FIG. 8 is a cross section view for explaining the
method of manufacturing the liquid crystal display of FIG. 1.
[0037] FIG. 9 is a cross section view for explaining a step
subsequent to FIG. 8.

[0038] FIG. 10 is a circuit diagram showing a detailed
configuration of a pixel ina liquid crystal display according to
a second embodiment of the present invention.

[0039] FIG. 11 is a characteristic chart showing a typical
relationship between the gray scale of a video signal and the
luminance ratio in the front direction of an LCD panel in a
direction 0f45° ofthe LCD panel in a liquid crystal display of
related art.

[0040] FIG. 12 is a circuit diagram showing a pixel con-
figuration in the liquid crystal display of related art.
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[0041] FIG. 13 is a plan view showing an example of rela-
tionship between the gray scale of a video signal and display
mode of respective sub pixels in a multi-pixel structure of
related art.

[0042] FIG. 14 is a circuit diagram showing a pixel con-
figuration in another liquid crystal display of related art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] Embodiments of the invention will be described in
detail hereinbelow with reference to the drawings.

First Embodiment

[0044] FIG. 1 shows a whole configuration ofa liquid crys-
tal display (LCD 1) as a first embodiment of the present
invention. The liquid crystal display 1 includes a liquid crys-
tal display panel 2, a back light section 3, an image processing
section 4, a reference voltage generation section 5, a data

driver 6, a gate driver 7, a timing control section 8, and a back
light driver 9.

[0045] The back light section 3 is a light source for illumi-
nating the liquid crystal display panel 2, and configured to
have a CCFL (cold cathode fluorescent lamp) an LED (light
emitting diode), and so on.

[0046] The liquid crystal display panel 2 displays an image
based on a video signal Din by modulating light emitted from
the back light section 3 in accordance with a driving voltage
supplied from the data driver 6 according to a driving signal
supplied from an after-mentioned gate driver 52. The liquid
crystal display panel 2 includes a plurality of pairs of signal
lines (gate lines G and data lines D) intersecting each other to
form a matrix as a whole, a plurality of pixels 10 arranged
along with these gate lines G and data lines D. The gate line G
is an electric wiring for line-sequentially selecting the pixels
10 to be driven, and the data line D is an electric wiring which
supplies the driving voltage applied from the data driver 6 to
the pixel 10 to be driven. The pixels 10 are constituted from
color pixels corresponding to R (red), G (green),and B (blue),
that is, those to which red, green and blue color filters (not
shown) are attached respectively for emitting red, green and
blue display lights. Each of the pixels 10 includes a pixel
circuit including two sub pixels (after-mentioned sub pixels
10A and 10B). Configuration of the pixel circuit will be
mentioned in detail later with reference to FIG. 2 and FIG. 3.

[0047] Theimage processing section 4 performs a specified
image processing on the video signal Din transmitted from
outside so as to generate a video signal D1 as an RGB signal.

[0048] The reference voltage generation section 5 supplies
a reference voltage Vref used in the after-mentioned D/A
(digital/analog) conversion to the data driver 6. Specifically,
the reference voltage Vref is constituted from a plurality of
reference voltages from a black voltage (voltage for a lumi-
nance level when the gray scale is “zero” as mentioned below)
to a white voltage (voltage for a luminance level when the
gray scale is “255” for example, as mentioned below). In the
present embodiment, the reference voltage Vref is used in
common among the respective R, G and B pixels. The refer-
ence voltage generation section 5 is typically formed as a
resistance tree structure, in which a plurality of resistors are
connected in series.
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[0049] The gate driver 7 line-sequentially drives pixels 10
in the liquid crystal display panel 2 along not-shown scanning
lines (gate lines G) based on the timing control by the timing
control section 8.

[0050] The data driver 6 supplies the driving voltage based
on the video signal D1, which is supplied via the timing
control section 8 from the image processing section 4, to each
of the pixels 10 (more specifically, to each of the sub pixels
10A and 10B in each of the pixels 10) of the liquid crystal
display panel 2. Specifically, the data driver 6 generates the
video signal (above-mentioned driving voltage) as an analog
signal specifically by performing D/A conversion on the
video signal D1 using the reference voltage Vref supplied
from the reference voltage generation section 5, and outputs
the signal to the pixels 10, respectively.

[0051] The back light driver 9 controls the lighting opera-
tion of the back light section 3. The timing control section 8
controls the drive timing of the gate driver 7 and the data
driver 6, and also supplies the video signal D1 to the data
driver 6.

[0052] Next, configuration of the pixel circuit which is
formed in the respective pixels 10 will be explained in detail
with reference to FIG. 2 and FIG. 3. FIG. 2 is an example of
a circuit diagram of the pixel circuit formed in the pixel 10.
FIG. 3 is an example of a planar configuration of a pixel
electrode, which is provided in a liquid crystal element in the
pixel circuit.

[0053] The pixel 10 is a multi-pixel structure in which two
sub pixels 10A and 10B constitute the pixel 10. The sub pixel
10A includes a liquid crystal element 12A as a main capaci-
tive element and an auxiliary capacitive element 13 A, and the
sub pixel 10B has a liquid crystal element 12B as the main
capacitive element and an auxiliary capacitive element 13B.
Thin-film transistors (TFT) 11A and 11B are provided for the
sub pixels 10A and 10B, respectively. The liquid crystal ele-
ment 12A and the auxiliary capacitive element 13A are con-
nected to the TFT element 11A in parallel, and the liquid
crystal element 12B and the auxiliary capacitive element 13B
are connected to the TFT element 11B in parallel.

[0054] Each of the pixels 10 is connected to a pair of gate
line G and data line D, and two auxiliary capacitance lines
CL1 and CL2, which are bus lines for supplying a specified
reference potential to counter electrode sides of the auxiliary
capacitive elements 13A and 13B. The TFT elements 11A
and 11B are connected to the common gate line G and the
common data line D shared by the TFT elements 11A and
11B.

[0055] Theliquid crystal elements 12A and 12B function as
a display element which performs a display operation (emit-
ting displaying light) according to the driving voltage, which
is supplied from the data line D to one ends of the liquid
crystal elements 12A and 12B via the TFT elements 11A and
11B, respectively. The liquid crystal elements 12A and 12B
include a liquid crystal layer 40 (which will be described
later) constituted from a VA-mode liquid crystal material and
a pair of electrodes (a pixel electrode 20 and a counter elec-
trode 30, as will be mentioned later) which sandwich the
liquid crystal layer 40 in between. Preferably, the capacitance
of the liquid crystal element 12A (LC capacitance Clcl) and
the capacitance of the liquid crystal element 12B (L.C capaci-
tance Clc2) are equal to each other. The pixel electrode 20
(electrode on a side indicated by reference numerals P1A and
P1B in FIG. 2) is connected to the source of TFT elements
11A and 11B and one ends of the auxiliary capacitive ele-
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ments 13A and 13B. The counter electrode 30 (electrode
disposed on an opposite side of the reference numerals P1A
and P1B in FIG. 2) is grounded. The pixel electrode 20 has a
planar configuration as shown, for example in FIG. 3, and is
constituted from a pixel electrode 20A corresponding to the
sub pixel 10A and a pixel electrode 20B corresponding to the
sub pixel 10B (10B1, 10B2). Detailed configuration of the
liquid crystal elements 12A and 12B will be mentioned
below.

[0056] The auxiliary capacitive elements 13A and 13B are
capacitive elements for promoting stabilization in stored
charge for the liquid crystal elements 12A and 12B, and have
auxiliary capacitance Cs1 and Cs2, respectively. Preferably,
the ratio between the auxiliary capacitance Cs1 and the aux-
iliary capacitance Cs2 is the same as the ratio of area between
the sub pixel 10A and the sub pixel 10B so as to decrease
difference between the feed through voltage in the sub pixel
10A and the feed through voltage in the sub pixel 10B as
much as possible, thereby avoiding disagreement between the
optimum counter voltage (potential difference between the
pixel electrode 20 and the counter electrode 30) in the sub
pixel 10A and the optimum counter voltage in the sub pixel
10B. One end (one of the electrodes) of the auxiliary capaci-
tive element 13 A is connected to one end of the liquid crystal
element 12A and the source of the TFT element 11A, and the
other end (counter electrode) is connected to the auxiliary
capacitance line CL1. One end (one of the electrodes) of the
auxiliary capacitive element 13B is connected to one end of
the liquid crystal element 12B and the source of TFT element
11B, and the other end (counter electrode) is connected to the
auxiliary capacitance line CL2.

[0057] The TFT element 11A is typically constituted from
an MOS-FET (Metal Oxide Semiconductor-Field Effect
Transistor), in which the gate is connected to the gate line G,
the source is connected to one end of the liquid crystal ele-
ment 12A and one end of the auxiliary capacitive element
13A, and the drain is connected to the data line D. The TFT
element 11A functions as a switching element for supplying
the driving voltage to the one ends of the liquid crystal ele-
ment 12A and the auxiliary capacitive element 13 A, based on
the video signal D1. Specifically, it is configured so that
electric connection is selectively established between the data
line D and one ends of the liquid crystal element 12A and the
auxiliary capacitive element 13A in accordance with a selec-
tion signal supplied from the gate driver 7 via the gate line G.

[0058] Similarly, the TFT element 11B is typically consti-
tuted from the MOS-FET, in which the gate thereof is con-
nected to the gate line G, the source thereofis connected to the
one ends of the liquid crystal element 12B and auxiliary
capacitive element 13B, and the drain is connected to the data
line D. The TFT element 11B functions as a switching ele-
ment for supplying the driving voltage to the ends of the liquid
crystal element 12B and the auxiliary capacitive element
13B, based on the video signal D1. Specifically, it is config-
ured so that electric connection is selectively established
between the data line D and the ends of the liquid crystal
element 12B and the auxiliary capacitive element 13B in
accordance with the selection signal supplied from the gate
driver 7 via the gate line G.

[0059] Next, configuration of the liquid crystal elements
12A and 12B will be explained in detail with reference to FIG.
4. F1G. 4 is a sectional view showing a principal portion of a
liquid crystal display 1 including the liquid crystal elements
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12A and 12B, taken along the line IV-IV of FIG. 3, as seen
from the direction indicated by the arrows.

[0060] The liquid crystal display 1 is configured in such a
manner that a liquid crystal layer 40 is provided between a
TFT substrate 22 and a CF (color filter) substrate 32 with
alignment films 23 and 33 in between. Two or more liquid
crystal molecules 40A are included in the liquid crystal layer
40, and the pretilt angle of the liquid crystal molecules is
different between an area corresponding to the sub pixel 10A
and an area related to the sub pixel 10B. It is to be noted that,
when the direction perpendicular to the substrate plane is
defined as “Z”, the pretilt angle is a tilt angle 8 between the
“Z” direction and the long axis direction “D” of the liquid
crystal molecule 40A, as shown in FIG. 5. Although a plural-
ity of pixels are provided between the substrates in the liquid
crystal display 1, only one pixel is illustrated in FIGS. 6, 8 and
9 shown below to avoid complexity for description, and illus-
tration of detailed configuration of the TFT substrate 22 and
the CF substrate 32 is omitted in FIGS. 4, 6, 8 and 9.

[0061] TheTFT substrate 22 is typically configured in such
amanner that a plurality of pixel electrodes 20 are arranged in
matrix on a glass substrate 21. The TFT substrate 22 further
includes the TFT elements 11A and 11B (not shown in FIG.
4) which drive the plurality of pixel electrodes 20 respec-
tively, the gate lines and the source lines (not shown in FIG. 4)
which are connected to the TFT elements 11A and 11B, and
so on. The pixel electrode 20 is provided for each of the sub
pixels 10A and 10B on the glass substrate 21, and is typically
made of a transparent conductive material such as [TO (in-
dium-tin oxide). A slit portion 24 (portion in which no elec-
trode is formed), which is patterned like a stripe shape or a
V-shape for example, is formed in the pixel electrode 20
within each of the sub pixels.

[0062] The CF substrate 32 is configured in such a manner
that a red (R), green (G) and blue (B) color filters (not shown)
are arranged in the form of a stripe for example, and the
counter electrodes 30 are arranged on almost all over the
effective display area, on a glass substrate 31. The counter
electrode 30 is typically made of a transparent conductive
material such as ITO (indium-tin oxide). A slit portion 34
patterned similar to that of the above-mentioned pixel elec-
trode 20 1s formed within each of the sub pixels. In this case,
the slit portions 24 and 34 formed in the pixel electrode 20 and
the counter electrode 30 are located so as not to face each
other in a stacking direction (direction perpendicular to the
substrate planes). With such a configuration, when the driving
voltage is applied, electric field is applied diagonally with
respect to the major axis of the liquid crystal molecule 40A,
thereby response to voltage improves more. Further, since
two or more areas in which alignment direction is different
from each other (divided alignment) are formed within one
pixel, viewing angle characteristic is improved.

[0063] Theliquid crystal layer 40 is constituted of a vertical
alignment liquid crystal material, and typically includes the
liquid crystal molecule 40A having a negative dielectric
anisotropy and a polymer structure 40B, which has a function
of holding the liquid crystal molecule 40A in the vicinity of
interface with the alignment films 23 and 33. The liquid
crystal molecule 40A has a characteristic that the dielectric
constant in the direction of the major axis is larger than the
dielectric constant in the direction of the minor axis. Because
of the characteristic, when the driving voltage is OFF, the
liquid crystal molecule 40A is aligned so that its major axis
may be perpendicular to the substrate. When the driving
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voltage is set to ON, the liquid crystal molecule 40A is
aligned so that its major axis may be parallel to the substrate.
The polymer structure 40B is made of a polymer material,
which is formed by polymerizing monomers such as ethoxy-
lated biphenol diacrylate (concretely, “NK ESTER A-BP-
2E” (trade name) of Shin-Nakamura Chemical Co., Ltd.), for
example.

[0064] The pretilt angle of the liquid crystal molecule 40 A,
which s held by the polymer structure 40B, is larger in the sub
pixel 10A than in the sub pixel 10B. Preferably, the liquid
crystal molecule 40A within the sub pixel 10A has a pretilt
angle 61 of, for example, ten degrees. With such a configu-
ration, response to voltage at the time of a lower-level gray
scale can be raised more effectively.

[0065] Meanwhile, the liquid crystal molecule 40A within
the sub pixel 10B has a pretilt angle 682 of zero degree.
Namely, major axis direction of the liquid crystal molecule
40A is aligned vertically to the substrate plane. Even when the
pretilt angle 62 of the liquid crystal molecule 40A within the
sub pixel 10B is larger than zero degree, it is enough if the
pretilt angle 62 is smaller than the pretilt angle 61 (61>62) of
the liquid crystal molecule 40A within the sub pixel 10A, as
shown in FIG. 6.

[0066] Thealignment films 23 and 33 are typically made of
an organic material such as polyimide, and is a vertical align-
ment film by which the liquid crystal molecule 40A is aligned
vertically to the substrate plane. A process such as rubbing
may be given to the alignment films 23 and 33 to regulate the
alignment direction thereof.

[0067] Next, operation of the liquid crystal display 1 of the
present embodiment having such a configuration will be
described in detail with reference to FIGS. 1 to 4.

[0068] Intheliquid crystal display 1, as shown in FIG.1,a
video signal Din from the outside is processed by the image
processing section 4 to generate the video signal D1 for each
pixel 10. The video signal D1 is supplied to the data driver 6
via the timing control section 8. The data driver 6 performs a
D/A conversion to the video signal D1 using a reference
voltage Vref supplied from the reference voltage generation
section 5, thereby generating an analog video signal. Then,
based on the analog video signals, the driving voltage is
applied from the gate driver 7 and the data driver 6 to the sub
pixels 10A and 10B in each pixel 10, thereby display driving
operation is performed for each pixel 10 in a line-sequential
manner. Specifically, ON/OFF of the TFT elements 11A and
11B is switched in accordance with a selection signal which
is supplied from the gate driver 7 via the gate line G, as shown
in FIGS. 2 and 3 so that electrical connection is selectively
established between the data line D and the liquid crystal
elements 12A and 12B, and between the data line D and the
auxiliary capacitive elements 13A and 13B. As a result, the
driving voltage is applied to the liquid crystal elements 12A
and 12B and the auxiliary capacitive elements 13A and 13B,
based on the analog video signal which is supplied from the
data driver 6, thereby performing the display driving.

[0069] Then, in the pixel 10 in which electric connection is
established from the data line D to the liquid crystal elements
12A and 12B, and from the data line D to the auxiliary
capacitive elements 13A and 13B, illumination light from the
back light section 3 is modulated through the liquid crystal
display panel 2 and outputted as a display light. In this man-
ner, images are displayed on the liquid crystal display 1,
based on the video signal Din.
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[0070] Since the pretilt angle of the liquid crystal molecule
40A is different from each other between the sub pixel 10A
and sub pixel 10B in the liquid crystal display 1 as shown in
FIG. 4, based on an analog video signal, each pixel 10 is
display-driven in such a manner as to be spacially divided into
two for the sub pixels 10A and 10B, thereby luminance at any
level of the gray scale is different between the sub pixels 10A
and 10B. Namely, when the liquid crystal elements 12A and
12B in each pixel 10 are display-driven, variation in gamma
characteristic at the time that the display screen is viewed
from an oblique direction can be alleviated, thereby improv-
ing the viewing angle characteristic of luminance. In this
case, since the sub pixels 10A and 10B in each pixel 10 are
display-driven together based on a signal transmitted from the
common data line D and gate line G, compared with a case
where the plurality of sub pixels are separately display-driven
using a different driving voltage applied from a different data
line D and gate line G, the number of the data lines D and gate
lines G can be reduced, thereby improving the aperture ratio,
what is more, the number of the drivers for driving surplus
data lines D and gate lines G can also be reduced, thereby
facilitating compactness. Since TFT elements 11A and 11B
are provided for the sub pixels 10A and 10B, respectively, it
seems as if improvement in aperture ratio were disturbed. As
amatter of fact, however, the TFT elements 11A and 11B are
half as small as a common TFT element, which is shared by
both of the sub pixels 10A and 10B, thereby there is no
difference in the area occupied by the TFT elements as the
whole.

[0071] Next, a method of manufacturing the liquid crystal
display 1 is explained with reference to the flow chart shown
in FIG. 7 together with the cross section views shown in
FIGS. 8 and 9. It is to be noted that only one pixel is shown in
FIGS. 8 and 9 for simplification.

[0072] First, the TFT substrate 22 and the CF substrate 32
are produced (step S101). Specifically, the TFT elements 11A
and 11B are produced by forming the gate line G, a gate
insulating film, an amorphous silicon, the data line D and a
final protective film (none of them are illustrated) in order on
the glass substrate 21. Then, the pixel electrodes 20A and
20B, each having the slit portion 24, are formed in areas
corresponding to the sub pixels 10A and 10B and connected
to the TFT elements 11A and 11B, respectively, thereby the
TFT substrate 22 is obtained. At this time, the auxiliary
capacitive elements 13A and 13B and the auxiliary capaci-
tance lines CL1 and CL2 are formed simultaneously with the
TFT elements 11A and 11B. On the other hand, color filters
(not shown) and the counter electrode 30 having the slit
portion 34 are formed in a specified position on the glass
substrate 31, thereby the CF substrate 32 is obtained.

[0073] After forming the TFT substrate 22 and the CF
substrate 32, the liquid crystal layer 40 is sealed between the
TFT substrate 22 and the CF substrate 32 with the alignment
films 23 and 33 in between (step S102), as shown in FIG. 8.
[0074] Specifically, the alignment film 23 is formed on the
surface plane of the pixel electrode 20 and the alignment film
33 is formed on the surface of the counter electrode 30
through such process as coating a vertical alignment agent
and printing and burning a vertical alignment film on the
substrates. Meanwhile, a liquid crystal material is produced
by mixing the liquid crystal molecule 40A and a monomer
40C as a material of the liquid crystal layer 40. The monomer
40C has a nature that it is polymerized and become a polymer
40B under irradiation of ultraviolet ray (radical polymeriza-
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tion). Further, photopolymerization initiator (radical poly-
merization initiator) etc. may be added to the liquid crystal
material. Subsequently, a spacer projection such as a plastic
bead etc. for securing a cell gap is scattered to a surface plane
of one of the alignment films 23 and 33 of the TFT substrates
22 and the CF substrate 32. Then, a sealing portion is printed
using an epoxy adhesive and so on by screen printing. After
that, the TFT substrate 22 and the CF substrate 32 are bonded
together with the spacer projection and the sealing portion in
between so that the alignment films 23 and 33 may face each
other, then the above-mentioned liquid crystal material is
injected therein. Then, the liquid crystal material is sealed
between the TFT substrate 22 and CF substrate 32 by heating
and hardening the sealing portion.

[0075] Next, as shown in FIG. 9, a specified electric field is
applied to theliquid crystal layer 40 by applying voltage Vesl
and Ves2 at a time across the pixel electrode 20A and the
counter electrode 30 and across the pixel electrode 20B and
the counter electrode 30 respectively, thereby tilting the lig-
uid crystal molecule 40A (step S103) Specifically, mutually
different voltages Ves1 and Ves2 are applied to the sub pixels
10A and 10B respectively by setting the reference potential of
the auxiliary capacitance lines CL1 and CL.2 to a different
value from each other, under the condition that the TFT ele-
ments 11A and 11B are closed and voltage application from
the data line D is set to O V. In this manner, an electric field is
applied in a direction forming a specified angle with the
surface plane of the glass substrates 21 and 31, thereby mak-
ing the liquid crystal molecule 40A aligned in a given direc-
tion with respect to the normal to the glass substrates 21 and
31. Here, itis to be noted that the tilt angle of the liquid crystal
molecule 40A is different between the area corresponding to
the sub pixel 10A and the area corresponding to the sub pixel
10B. The pretilt angles 61 and 62 are controllable by adjust-
ing the magnitude of voltages Vesl and Ves2 appropriately.
FIG. 9 illustrates a case where the voltage Vcs2 applied across
the pixel electrode 20B and the counter electrode 30 is set to
0so that the pretilt angle 62 of the liquid crystal molecule 40 A
in the sub pixel 10B may be set to 0.

[0076] Further, the liquid crystal layer 40 is irradiated with
ultraviolet light UV from the outside of the TFT substrate 22
for example while the voltages Vesl and Ves2 are kept
applied so that the monomer 40C is polymerized, thereby
forming the polymer 40B adhered to the surface of the align-
ment films 23 and 33 (step S104). The polymer 40B formed in
such manner is chemically bonded to the alignment films 23
and 33 and have a function of holding the pretilt angles 61 and
02 of the liquid crystal molecule 40A in the vicinity of inter-
face with the alignment films 23 and 33 within the liquid
crystal layer 40 in a non-driving state. It is to be noted that the
auxiliary capacitance lines CL1 and CL2 may be connected
after forming the polymer 40B.

[0077] The liquid crystal display 1 appearing in FIG. 1 is
completed through the above-mentioned fabrication process.
Thus, according to the method of manufacturing the liquid
crystal display of the present embodiment, the auxiliary
capacitance lines CL1 and CL2 are provided for the sub pixels
10A and 10B respectively, then different voltages Ves1 and
Ves2 are applied to the respective sub pixels 10A and 10B
using the auxiliary capacitance lines CL1 and CL2, and the
monomer 40C in the liquid crystal layer 40 is polymerized at
a time (without divided by time) while the respective liquid
crystal molecules 40A, which is included in the liquid crystal
layer 40 of the respective sub pixels 10A and 10B, are tilted at
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a specified angle. In this manner, it becomes possible to
determine the pretilt angles 81 and 62 for the respective sub
pixels 10A and 10B more simply and more accurately than
the case where polymerization is selectively carried out (di-
vided by time) for each sub pixel using a photo mask or the
like. Since neither of the data line D nor the gate line G are
needed at that time, it is not necessary to provide the data line
D and the gate line G respectively for the sub pixels 10A and
10B. As a result, it becomes possible to realize the liquid
crystal display 1 which is more simple in configuration and
has a multi-pixel structure in which excellent viewing angle
characteristic of luminance can be exhibited. The auxiliary
capacitance lines CL1 and CL.2 are used as the electrodes
independent of each other only at the time of a manufacturing
process, and after the manufacturing, are used as the elec-
trodes having the same electric potential so that the driving
system of the related art is applicable to the liquid crystal
display.

Second Embodiment

[0078] Next, a second embodiment of the present invention
will be described with reference to FIG. 10. FIG. 10 is a
configuration example of a pixel circuit formed in each pixel
10 of the liquid crystal display according to the present
embodiment.

[0079] Inthe present embodiment, an auxiliary capacitance
line CL is shared between the sub pixels 10A and 10B, while
the ratio of auxiliary capacitance Cs1 of an auxiliary capaci-
tive element 13A to auxiliary capacitance Cs2 of an auxiliary
capacitive element 13B, that is, “Cs1/Cs2”, differs from the
ratio area of the sub pixel 10A to the sub pixel 10B in each
pixel 10. Namely, the ratio of the capacitance (LC capacitance
Clel) of a liquid crystal element 12A to the capacitance (the
auxiliary capacitance Cs1) of the auxiliary capacitive element
13A, that is, “Clc1/Cs1”, differs from the ratio of the capaci-
tance (LC capacitance Clc2) of a liquid crystal element 12B to
the capacitance (the auxiliary capacitance Cs2) of the auxil-
iary capacitive element 13B, that is, “Clc2/Cs2”. It is to be
noted that the liquid crystal display of the present embodi-
ment has the same configuration as the liquid crystal display
1 of the first embodiment except for the above-mentioned
points. Accordingly, the liquid crystal display of the present
embodiment has advantages such excellent viewing angle
characteristic of luminance, high aperture ratio, and compact
configuration, as with the above-mentioned first embodi-
ment. In particular, in each pixel 10, since the one auxiliary
capacitance line CL is shared in common between the sub
pixels 10A and 10B instead of providing the auxiliary capaci-
tance lines CL1 and CL2 for the sub pixels 10A and 10B
respectively, the number of the auxiliary capacitance lines can
be reduced (halved) as a whole, thereby more compact con-
figuration is available.

[0080] Now the method of manufacturing a liquid crystal
display of the present embodiment will be explained with
reference to a circuit diagram of FIG. 10 together with a flow
chart of FIG. 7 and cross section views of FIGS. 8 and 9. It is
to be noted that hereinbelow, detailed description will be
made for those different from the above-mentioned first
embodiment, and will be suitably omitted about the other
points of view.

[0081] As with the above-mentioned first embodiment,
first, after producing a TFT substrate 22 and a CF substrate 32
(step S101), a liquid crystal layer 40 is sealed between the
TFT substrate 22 and CF substrate 32 with alignment films 23
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and 33 in between (step S102). Subsequently, as shown in
FIG. 9, aspecified electric field is applied to the liquid crystal
layer 40 by applying voltages Vesl and Ves2 across a pixel
electrode 20A and a counter electrode 30 and across a pixel
electrode 20B and a counter electrode 30 at the same time,
thereby a liquid crystal molecule 40A is aligned at a tilt (step
S103). Specifically, the mutually different voltages Ves1 and
Ves2 are applied to the sub pixels 10A and 10B respectively
by means of the auxiliary capacitance line CL, under the
condition that TFT elements 11A and 11B are closed and
voltage application from the data line D is set to 0 V. In this
case, in the present embodiment, it becomes possible, by
setting the reference potential of the auxiliary capacitance
line CL to any value other than 0, to apply voltages Ves1 and
Ves2 to the sub pixels 10A and 10B according to the ratio of
the auxiliary capacitance Cs1 of the auxiliary capacitive ele-
ment 13A to the auxiliary capacitance Cs2 of the auxiliary
capacitive element 13B. Accordingly, a direct-current electric
field is applied in a direction forming a specified angle with
the surface plane of glass substrates 21 and 31, thereby mak-
ing the liquid crystal molecule 40 A aligned in a given direc-
tion with respect to the normal to the glass substrates 21 and
31. As aresult, it becomes possible to control the magnitude
of pretilt angles 81 and 62 of the liquid crystal molecule 40A
by appropriately determining the ratio of the auxiliary capaci-
tance Cs1 to the auxiliary capacitance Cs2 and adjusting the
magnitude of voltages Ves1 and Ves2. Further, the monomer
40C is polymerized by applying ultraviolet light UV while the
voltages Ves1 and Ves2 are kept applied to form the polymer
40B adhered to the surface of the alignment films 23 and 33
(step S104). Thus, the liquid crystal display of present
embodiment is completed through the above-mentioned fab-
rication process.

[0082] Now it is found that such method of manufacturing
the liquid crystal display according to the present embodi-
ment is also capable of obtaining the same effect as the
above-mentioned first embodiment. However, in order to
reduce the difference of the feed-through voltage between the
sub pixel 10A and the sub pixel 10B as small as possible to
avoid disagreement in the optimum value of a counter voltage
(potential difference between the pixel electrode 20 and the
counter electrode 30) between the sub pixels in the present
embodiment, it is necessary that the parasitic capacitance Cgs
(not shown) between the gate of TFT element 11 A and the sub
pixel 10A should be different from the parasitic capacitance
Cgs (not shown) between the gate of TFT element 11B and
the sub pixel 10B. From this point of view, it seems that the
liquid crystal display of the above-mentioned first embodi-
ment is more adapted to simple and easy fabrication.

[0083] As mentioned above, the present invention has been
described with reference to some embodiments, but the
present invention is not limited to the above-mentioned
embodiments, and various modifications are available. For
example, although the case where one pixel is constituted
from two sub pixels has been explained in the above-men-
tioned embodiments, the present invention is not limited to
this and may be configured so that one pixel may be consti-
tuted from three sub pixels or more.

[0084] Inthe above-mentioned embodiments, a polymeriz-
able monomer is included in the liquid crystal layer then
polymerized to form a polymer structure, but itis not limited
to this. For example, the polymer structure may be formed by
polymerizing the polymerizable monomer contained in the
alignment film.
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[0085] 1Inthe above-mentioned embodiments, although the
case of using the VA-mode liquid crystal element is
explained, the present invention is not limited to this and the
case of using the TN-mode liquid crystal element is also
applicable, for example.

[0086] Obviously many modifications and variations of the
present invention are possible in the light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims the invention may be practiced other-
wise than as specifically described.

What is claimed is:

1. A liquid crystal display comprising:

a pair of signal lines extending so as to intersect to each
other;

a pixel provided for the pair of signal lines and configured
of a plurality of sub pixels, each sub pixel including a
liquid crystal element and a capacitive element;

a driving element provided for each of the plurality of sub
pixels so as to be connected to a corresponding pair of
signal lines assigned to the pixel, and performs display
driving by applying a voltage to the liquid crystal ele-
ment based on a video signal; and

a capacitarnce line provided for each of the plurality of sub
pixels so as to be connected to one end of the capacitive
element,

wherein

the other end of the capacitive element is connected to the
driving element in common with the liquid crystal ele-
ment, and

the liquid crystal element includes liquid crystal molecules
whose pretilt angled differ between the plurality of sub
pixels which configures one pixel.

2. A liquid crystal display comprising:

a pair of signal lines extending so as to intersect to each
other;

a pixel provided for the pair of signal lines and configured
of a plurality of sub pixels, each sub pixel including a
liquid crystal element and a capacitive element;

a driving element provided for each of the plurality of sub
pixels so as to be connected to a corresponding pair of
signal lines assigned to the pixel, and performs display
driving by applying a voltage to the liquid crystal ele-
ment based on a video signal; and

a capacitance line provided for the plurality of sub pixels in
the pixel, and connected, in common, to every one end of
all of the capacitive elements in the plurality of sub
pixels,

wherein

the other end of the capacitive element is connected to the
driving element in common with the liquid crystal ele-
ment,

aratio of a capacitance between the liquid crystal element
and the capacitive element differs between the plurality
of sub pixels which configures one pixel, and

the liquid crystal element includes liquid crystal molecules
whose pretilt angled differ between the plurality of sub
pixels which configures one pixel.

3. A method of manufacturing a liquid crystal display

which includes a pair of signal lines so as to intersect to each
other, and a pixel provided for the pair of signal lines and
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configured of a plurality of sub pixels, each sub pixel includ-
ing a liquid crystal element and a capacitive element, the
method comprising the steps of:

forming a driving element for each of the plurality of sub

pixels, the driving element performing display driving
by applying a voltage to the liquid crystal element based
on a video signal, and connecting, in common, all of the
driving elements formed in the pixel to a corresponding
pair of signal lines assigned to the pixel;

forming the liquid crystal element and the capacitive ele-

ment so as to be connected, in common, to a correspond-
ing driving element; and

forming a capacitance line for each of the plurality of sub

pixels so as to be connected to the capacitive element at
one end thereof opposite to the driving element,
wherein
the liquid crystal element is formed in such a manner that,
after sealing, between a pair of electrode substrates, a
liquid crystallayer containing polymerizable monomers
and a liquid crystal molecules, each electrode substrate
having an alignment film on its inner facing surface, all
the monomers in the pixel are polymerized by one opera-
tion during an application of voltages, which are mutu-
ally different between the plurality of sub pixels, the
voltages being applied across the pair of electrode sub-
strates by means of the capacitance line.
4. A method of manufacturing a liquid crystal display
which includes a pair of signal lines so as to intersect to each
other, and a pixel provided for the pair of signal lines and
configured of a plurality of sub pixels, each sub pixel includ-
ing a liquid crystal element and a capacitive element, the
method comprising the steps of:
forming a driving element for each of the plurality of sub
pixels, the driving element performing display driving
by applying a voltage to the liquid crystal element based
on a video signal, and connecting, in common, all of the
driving elements formed in the pixel to a corresponding
pair of signal lines assigned to the pixel,
forming the liquid crystal element and the capacitive ele-
ment so as to be connected, in common, to a correspond-
ing driving element, so that ratio of a capacitance
between the liquid crystal element and the capacitive
element differs between the plurality of sub pixels; and

forming a common capacitance line so as to be connected
to all the capacitive elements in the pixel at each one end
thereof opposite to the driving element,

wherein

the liquid crystal element is formed in such a manner that,
after sealing, between a pair of electrode substrates, a
liquid crystallayer containing polymerizable monomers
and a liquid crystal molecules, each electrode substrate
having an alignment film on its inner facing surface, all
the monomers in the pixel are polymerized by one opera-
tion during an application of voltages, which are mutu-
ally different between the plurality of sub pixels, the
voltages being applied across the pair of electrode sub-
strates utilizing the difference in the ratio of the capaci-
tance between the liquid crystal element and the capaci-
tive element.
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